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p Editorials 


New editor of the Archives 


It is a great pleasure to welcome Dr S R Meadow 
as the new joint editor of the Archives. Roy Meadow 
is Senior Lecturer in the Department of Paediatrics 
and Child Health at the University of Leeds. He is a 
general paediatrician with a specific interest in 
paediatric nephrology, but his view of paediatrics is 
broadly based. He is an enthusiastic teacher, and his 
writings include joint authorship of a highly suc- 
cessful textbook for undergraduates. As secretary 
to the Academic Board of the BPA he was largely 
responsible for having the various specialist sub- 


groups sef up or brought within the Association. 
This development is acknowledged to have been one 
of the most successful in the BPA in recent yedrs, 
and it has enhanced the interest and scientific content 
of the Annual General Meeting. It is a good example 
of Roy Meadow's interest and vision in paediatric 
communication and education—qualities which will 
be a great asset to the Archives. We wish him a long, 
happy, and successful time in the editorial chair. 


RJR 
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Risks and benefits in research on children 


The 'Guidelines to aid ethical committees consider- 
ing research involving children', see page 75, have 
been, prepared by a working party of the British 
Paediatric Association, and circulated to all BPA 
members. The Editors of the Archives warmly 
welcome these guidelines, and have three particular 
reasons to do so. 


Firstly, we have pointed out in a series of Editorials 
(1967, 42, 109; 1973, 48, 751; 1978, 53, 441) our 
continuing concern about :he ethical problems of 
research in children, and we have described how we 
have developed our own guidelines for deciding 
whether research which we have been asked to 
publish is ethically acceptable. Tt is gratifying to see 
how close the thinking of the BPA working party is 
to our own. In 1973 we emphasised the idea cf the 
risk/benefit ratio, though not without some trepida- 
tion——as we remarked in 1978 ‘The justification of 
the means by the end is notoriously slippery moral 
territory. The risk/benefit ratio is the central 
concept of the BPA document; its value is that while 
it imposes very strict standards on the investigator, 
it avoids the extreme position of virtually forbidding 
all research on children. 


Secondly, the authors of the document are to be 
congratulated on the very practical nature of their 
guidelines. They have bravely decided not just to deal 
in generalities but to give actual examples of problems 
that might arise 1n research. This greatly increases 
the value of the guidelines to the investigator 
planning a particular study. 

Thirdly, the guidelines are accompanied by an 
announcement that BPÀ Council has set up a 
Standing Ethical Advisory Committee which will 


offer advice zc local ethical committees on particular 
proposals for research in children. The usefulness of 
this committee will depend on how often it is con- 
sulted, but it could prove of great value. In 1973 we 
pointed out the limited influence which editors can 
exercise on the ethics of research: ‘When we refuse a 
paper on ethical grounds, the work has already taken 
place, and :hough the authors may now have a 
clearer idea cf what we regard as acceptable, no one 
else will, and this includes other potential research 
workers who might be contemplating a similar study’. 
The Standing Committee will have the great advan- 
tage of being consulted before the work is done. If 
they are consulted often enough, they will build up 
a body of ‘czse law’ which will guide them in the 
future; furtkermore if from time to time they 
publish examples of proposals put to them and 
decisions reached this would help to guide others. The 
examples should include proposed research judged 
unethical as well as ethical, and should, of course, 
not mention the names of the investigators. (The 
annual report of the Medical Defence Union is an 
example, from a different field, of how well this 
kind of thing can be done.) 

The authors cf the BPA guidelines will not expect 
these to remain unchanged; we pointed out in our 
1978 Editorial how views on the ethics of research 
change according to the state of knowledge and the 
climate of opinion. For example, the rigid stand 
which we took on x-rays in normal children even in 
1978 is countered in the BPA document by a 
technically be:ter informed and less restrictive 
statement. However the fact that the guidelines will 
not all be permanent makes the effort of producing 
them even more courageous. 


x 


€ 


* . 
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Annotation 


Mumps and varicella vaccines 


In a previous Annotation on measles and rubella 
vaccines! attention was drawn to the importance of 
tests for safety and efficacy of modern vaccines. In 
effect this applies to any drug, be it a therapeutic 
substhnce or biological product. Now that the old 
Therapeutic Substances Act has been withdrawn, 
responsibility rests with the licensing authority on 
the advice of the Committee on Safety of Medicines 
for issuing clinical trial certificates or product licences 
for newly developed products. A newly established 
Committee on Review of Medicines also considers 
details of licensing for well-established products— 
such as triple vaccine, diphtheria and tetanus 
vaccine, TAB vaccine—that is, the products which 
were granted product licences of right without 
detailed examination when the Medicines Act was 
implemented. Safety, potency, and antigenicity are 
essentially the responsibility of government by 
licensing, and also of the manufacturers, but there is 
another factor which should in effect always be 
considered first, namely the need for a prophylactic, 
particularly in the case of vaccines. This is an area 
where those responsible for licensing increasingly 
turn to clinicians for advice on the need for a new 
product. 

30 years ago there were only three vaccines in 
common use, smallpox vaccine, diphtheria, and 
tetanus toxoids, with pertussis vaccines showing 
signs of being useful in paediatric practice. Today, it 
is theoretically possible to produce an immunological 
product, either a vaccine or an immunoglobulin, 
against any infectious disease once the causative 
agent has been isolated in the laboratory. A review in 
1978 by Dudgeon? on advances and prospects of new 
vaccines, both bacterial and viral, is now to a great 
extent out of date with several new vaccines already 
licensed and others awaiting clinical trials. The 
report by Tyrrell et al.’ on the isolation of a cyto- 
pathic agent with the hallmark of a virus from 
patients with schizophrenia or chronic neurological 
disorders makes the mind boggle at prospects for the 
future. 

How can the need for a prophylactic product be 
evaluated? Should it be in terms of mortality or 
morbidity from the natural disease, or both? In a 
sense this is the crux of the problem if one considers 
the difference in attitudes between this country and 


the USA on the use of measles vaccine. In a review, 
Sabin‘ reported that since licensure of measles 
vaccine in 1963, the percentage of children vaccinafed 
aged between 1 and 4 years has risen from 
33-2% in 1965 to 65-9% in 1976. Yet despite this, 
and the fact that in most states, vaccination laws 
require compulsory vaccination against measles and 
the other common communicable  diseases— 
pertussis, diphtheria, tetanus, mumps, and rubella— 
before school entry, the number of estimated cases 
in 1977 was not far short of a million when compared 
with the actual number reported of about 55 000. In 
the first 5 months of 1979, the reduction of reported 
cases in the USA has been even greater." In this 
country, the acceptance rate of measles vaccine is 
very much lower and it is difficult to identify the 
reasons for this. Certainly measles is a much milder 
disease than it was 40 years ago, but in terms of 
morbidity a significant number of cases (500 000- 
600 000 in an epidemic year) was reported with con- 
sistent regularity every other year before the 
introduction of measles vaccine. And one must recall 
that some of the earlier measles vaccines were more 
reactogenic than those in current use. The CNS and 
respiratory complications are generally considered to 
be the principal reasons for the introduction of the 
vaccine. Acute encephalitis of the postinfectious type 
may occur in 0:1—0-02 7; of cases of measles, but as 
this is so often a severe and permanently crippling 
disease, there is a stronger argument for vaccination 
against measles than in the case of mumps. 

Mumps is an extremely common infectious disease 
affecting predominantly young children, but it is not 
a severe disease in terms of mortality. For example, 
in the USA the fatality rate is about 1-8 deaths per 
10 000 reported cases compared with 7, 4, and 3 per 
10000 respectively for measles, chickenpox, and 
rubella.5 What about the complications? The two 
most important are those affecting the CNS and 
orchitis. Most cases of CNS involvement in mumps, 
unlike measles, are of meningoencephalitis with a 
spectrum of disease ranging from the more commonly 
encountered aseptic meningitis-like illness pre- 
senting with a stiff neck to an encephalitic illness with 
stupor or drowsiness. The prognosis of aseptic 
meningitis is extremely good and, as far as is known, 
there are few reports of long-term sequelae of any 
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severity. However deafness can occur after mumps; 
it appears to be rare, but although usually unilateral, 
it is often profound. Orchitis is another common 
complication of mumps and although frequently 
thought to be a cause of sterility in the male, there is 
no evidence that this is so. The oft-repeated statement 
that it is, is based on fear rather than on facts. In a 
rétrospective study of complications from mumps 
initigted by the Research Unit of the Royal College 
of General Practitioners’ only 40 complications were 
encountered in 1642 cases (851 males) a rate of 24 per 
1000 cases, but as there were only 5 cases of encephali- 
tis among CNS defects, no conclusions on the risk 
of such complications can be drawn from such a 
small and retrospective survey, and a subsequent 
prospective survey did not add much further 
evidence.’ 

A live attenuated mumps virus vaccine was licensed 
in the USA in 1968.8 It was developed from a strain 
of mumps virus isolated in fertile hens’ eggs and 
after several passages, was adepted to chick embryo 
cell cultures. It was originally used as a monovalent 
vaccine in a single dose of 0:5 ml, but in recent 
years has been used increasingly as a combined 
vaccine with measles and rubella vaccines (MMR). 
Numerous studies have been reported by Hilleman 
et al.8 and Weibel et al? on the prcperties, anti- 
genicity, and effectiveness of mumps vaccine. 
Recently Hayden et al. reported on the current 
status of mumps vaccine in the USA. One of the 
rnost striking features of the epidemiology of mumps 
in the USA since 1968 has been the progressive 
decline in the number of reported cases. In 1976 the 
number reported represented a 42% decrease on 
the average annual total for the years 1971—75. The 
incidence of mumps has now reached an all-time 
‘low’ and in a study embracing California, 
Massachusetts, and New York, the decrease in the 
5- to 9-year age group was 63:694 for the vears 
1972-78 compared with 1967—71. Several other 
important pieces of information emerged from this 
report. Mumps vaccine can be expected to produce a 
seroconversion rate of at least $5% without clinical 
symptoms in recipients. Postvaccination neutralising 
antibody titres appear to decline at a slower rate than 
after natural infection, presumably as a result of 
subclinical! reinfection. Therefore, the duration of 
vaccine-induced immunity can be expected to be 
good and there is already evidence of protection for 
at least 9 years after vaccination. Adverse reactions 
are rare, except for the occasional case of parotitis. 
A few cases of CNS dysfunction have been observed? 
but they represent a rather heterogenous group and 
do not show the temporal clustering observed with 
live measles vaccine. 

There is no question that mumps vaccine as used 


in the USA has proved to be an effective and useful 
prophylactic, particularly as it fits in with the 
regimen used there of combining it with measles and 


rubella vaccine for children from age 15 months. . 


Should it be used in this country? In my opfhion 
there is no need for it as a routine procedure. The 
pain or discomfort from mumps parotitis and 
orchitis are hardly sufficient grounds for routinely 
immunising our children, nor is the evidence of 
long-term if effects from aseptic meningitis a 
sufficient reeson for doing so, but it could be a 
useful vaccine for special use—for example, for adults 
who have not previously had mumps (based on 
serological evidence) and possibly for special 
at-risk groups, nursing staff, and the armed Forces. 
For exampie. some years ago there was a severe 
outbreak cf mumps in the Gurkhas with many cases 
of orchitis and aseptic meningitis leading to much 
discomfort and organisational problems; however 
these are not of direct concern to paediatricians. 

Another possible situation where live mumps 
vaccine migh- be useful would be to control the 
spread of infection in a ward outbreak of mumps. 
Although in theory this should be effective, present 
evidence does not suggest that mumps vaccine can 
be relied on, whereas live attenuated measles vaccine 
is highly effective in controlling outbreaks of 
measles in hospital wards and other institutions. 
Krugman et a/.1? state that ‘mumps vaccine will not 
provide protection when administered during the 
incubation period. There is no contraindication to 
its use becaus2 even if it did not actually prevent 
infection during the outbreak, the vaccine should 
produce prctection against subsequent infection’. 

Another vaccine that has recently aroused 
considerable irterest is the live attenuated varicella 
vaccine, developed by Takahashi et al." in Japan. 
The strain or virus (Oka strain) was adapted by serial 
passage in various forms of cell culture and finally 
prepared as an experimental vaccine in human 
diploid cells (Wistar W1—38 strain). This vaccine was 
first tested by Takahashi et al.” in 23 children in a 
hospital ward suffering from a variety of diseases 
including purpura, hepatitis, and renal disease. All 23 
children were known to be susceptible to varicella 
and all 23 developed complement fixing (CF) anti- 
bodies after vaccination, with little difference in the 
antibody titre between those being treated with 
corticosteroids end those not. Six children developed 
mild fever and 2 a mild vesicular eruption. No severe 
reactions were encountered and there was no spread 
of varicella. 16 additional children with renal disease, 
nephritis, or the nephrotic syndrome were also 
vaccinated w:thout ill effect. They all developed a 
serological respcnse. 

In subsequent studies Asano et al? demonstrated 
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the protective efficacy of the vaccine in 18 children 
with renal disease and other conditions exposed to 
varicella and zoster in a hospital ward. Some of these 
children were probably the same as in the previous 
study reported by Takahashi et al.” but again there 
was evidence of protection and, more important, of 
a booster response without symptoms in 3 children. 
Asano et al? were also able to demonstrate protec- 
tion against varicella in family contacts by 
administration of the vaccine within 3 days of 
contact. In a follow-up study of 181 vaccinated 
children, originally seronegative, ıt was found that 
85% had seroconverted when tested by the CF test 
and 97-8% by the neutralisation test.14 Only one out 
of 80 children subsequently exposed to varicella 
contracted a mild infection 16 months after vaccina- 
tion. After these preliminary findings the vaccine was 
given to 11 children! in remission from acute 
leukaemia and to 6 children with malignancies such 
as neuroblastoma and retinoblastoma. Two children 
with leukaemia developed a minute rash 3 weeks 
later. All vaccinated children developed a serological 
response but the neutralisation antibody titre was 
higher and more persistent than the CF response, 
although both were generally lower than in children 
previously studied.4-!4 Three of the children 
were subsequently exposed to varicella in the home 
but remained free of symptoms. 

These clinical trials are encouraging, but it 
would be premature to think that this vaccine can be 
given as a routine prophylactic to leukaemic 
children without more knowledge. More needs to be 
known about the vaccine, its properties and 
behaviour in normal healthy individuals in respect 
of its antigenicity, and about its protective efficacy 
and lack of communicability. There is no doubt that 
some means of protection for these highly susceptible 
children against viral diseases, such as varicella and 
measles, would be of immense benefit in view of the 
success of modern treatment for leukaemia. Passive 
Immunisation with zoster-immune globulin!® has 
been found successful in preventing varicella in some 
cases, but its effect is unpredictable and of short 
duration, and it must be administered in sufficient 
dosage within 3 days of exposure. It 1s also in short 
supply. The only alternative is active immunisation 
with either a killed or live attenuated vaccine. As far 
as one can tell, the Japanese workers have only 
developed a live vaccine and the current dilemma 
which can be judged from correspondence in the 
American journals!” revolves mainly around 
the problem of safety. There is also the problem of 
persistence of the attenuated virus and whether it 
may lead to zoster in vaccinees later in life as occurs 
in the natural disease after varicella. Tt is conceivable 
that the risk of a latent infection with long-term 
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sequelae is less with an attenuated vaccine because" 
the degree of dissemination is much less than in 
natural varicella. Much the same problem con- 
cerning latency or persistence arose when attenuated 
measles vaccines were first introduced. Would this 
increase the risk of subacute sclerosing pan- 
encephalitis (SSPE)? Fortunately these fears seem to 
have been unfounded as the incidence of SSPE in the 
USA appears to have declined as the measles 
vaccination programme has progressed. -82 On 
theoretical grounds therefore, latency dose not seem 
to be a major obstacle to further studies. j 

At present the number of children with leukaemia 
and other disorders for which they are receiving 
immunosuppressive therapy is small, but at the 
same time, administration of any live vaccine in 
patients with these disorders would be considered as 
a major contraindication. Some years ago, Mitus 
et al.2® administered live Edmonston B measles 
vaccine to leukaemic children. Not only were the 
immune responses poor, but one child died of giant 
cell pneumonia. The Oka varicella vaccine seems to 
be a safer product, and it would seem unfortunate 
if this research did not progress despite the potential 
hazards. When to start clinical trials is often a 
difficult decision to make—particularly with 
biological products—a subject which was recently 
discussed in detail at an international conference in 
Geneva.?4?5 What is required now is a carefully 
worked out series of clinical trials starting first with 
healthy susceptible adults and moving progressively 
into younger age groups with careful evaluation at 
each step. Many hospitals now screen members of 
staff, particularly nurses, for rubella antibodies; 
tests for V-Z antibodies could be included. Those 
found to be susceptible could be offered varicella 
vaccine and then studied in detail for evidence of 
virus transmission and antibody response. Tt would 
be important to use a sensitive serological test for 
V-Z antibody as the CF test is not as sensitive as the 
neutralisation or fluorescent antibody technique. 
The use of varicella vaccine might also be considered 
in the event of a ward outbreak of varicella, using 
vaccine for those children in whom there is no 
contraindication for the administration of a live 
vaccine. 

The final step would be to test the vaccine in 
leukaemic children in remission. Although such a 
condition would normally be regarded as a con- 
traindication to the use of a live vaccine, the risk 
from natural varicella is probably a greater hazard. 
This is a difficult ethical problem, but one that 
should be faced. It is one in which the risk versus 
benefit principle in therapeutic research has to be 
carefully weighed. In my opinion, the risk would be 
more than minimal, but the potential benefit great. 
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these issues are carefully understood by the 


investigators, they can then be explained to the 
parents. Many would probably welcome the chance 
to participate. 
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24-hour tape recordings of ECG and respiration in 


the newborn infant with findings related to sudden 


death and unexplained brain damage in infancy 


D P SOUTHALL, JEAN RICHARDS, D J BROWN, P G B JOHNSTON, M DE SWIET, * 
AND E A SHINEBOURNE 


Department of Paediatrics, Brompton Hospital, and Cardiothoracic Institute, London 


SUMMARY A system for simultaneous 24-hour tape recording of ECG and respiration has been 
developed and used in the study of 4 groups of newborn infants. In 50 randomly selected, healthy 
term infants, the mean lowest heart rate (79 beats' duration; was 88 -- 13. 14 (2894) infants had 
junctional escape rhythms, 5 had supraventricular, and 2 ventricular premature beats. 34 (68%) 
subjects had apnoeic episodes 10 seconds’ duration; the 95th centile for maximum duration of 
apnoea was 18 seconds, the longest episode being 28 seconds. Episodes of bradycardia <100/minute 
were associated with 50 of a total of 288 episodes of apnoea of 10-14 seconds, with all 4 episodes of 
15-19 seconds, and with both episodes 220 seconds. 

In 100 randomly selected, healthy, preterm or low birthweight infants studied within 5 days of their 
discharge from hospital, the mean lowest heart rate was 91 +. 18. 18 had junctional, one idio- 
ventricular, and 3 both junctional and idioventricular escape rhythms. Two had supraventricular and 
6 had ventricular premature beats. 66 subjects had apnoeic episodes 10 seconds’ duration; the 
95th centile for maximum duration of apnoea was 20 seconds, the longest episode being 52 seconds. 
Episodes of bradycardia <100/min were associated with 84 of a total of 608 episodes of apnoea 
10-14 seconds’ duration, with 21 of 37 episodes of 15-19 seconds, and with 15 of 152220 seconds. One 
preterm infant with a maximum apnoeic episode of 52 seconds had an associated bradycardia of 
27/min. 

Three of 5 ‘near-miss’ cot death infants and one preterm infant with a family history of cot death 
studied immediately before discharge showed prolonged apnoea >40 seconds, or extreme bradycardia 
<50/min, or both. 

Finally, 11 infants with arrhythmias on a standard ECG were studied. Of these, 6 with premature 
beats and 3 of 5 with episodes of bradycardia did not exhibit apnoea during arrhythmias. Two of the 
5 babies with bradycardia however, demonstrated associated apnoea of 10-14 seconds. 

There may be a relationship between latent episodes of prolonged apnoea and bradycardia and 
hypoxaemic brain damage or sudden infant death. 


Standard and 24-hour ECGs have shown that 
disturbances of heart rate and rhythm are common 
findings in the neonate.? Apnoea in preterm 
infants is associated with episodes of bradycardiat-5 
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and therefore, to investigate the relationship bet- 
ween disturbances of heart rate and rhythm and 
apnoea, we developed a combined 24-hour ECG 
and respiratory tape recording and analysis system. 
This equipment was used to study four groups of 
newborn infants. 

Many preterm infants during the first days or 
weeks of life have prolonged apnoea.‘ ® Prolonged 
apnoea has been suggested as a cause of sudden 
infant death syndrome (SIDS),’-° and preterm 
infants have a higher incidence of SIDS.2" This 
higher incidence in preterm infants may be due to a 
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continuation, after discharge from hospitel, of 
dangerous episodes of prolonged apncea unnoticed 
by clinical observation. We therefore studied a group 
of 100 preterm infants when apparently well and 
about to leave hospital. As a control series we 
investigated 50 healthy term infants. 

Previous studies have shown that some infants 
with ‘near-miss’ cot death episodes have prolonged 
apnoga, and 5 such infants were therefore studied. 
In addition, siblings of SIDS victims have been 
reported to be at excess risk of SIDS? end one such 
infant, who was also preterm, was studied before 
discharge from hospital. 

Finally, 11 infants with cardiac arrhythmias on a 
standard ECG were investigated to determine whether 
changes in ECG pattern were associated with 
changes in respiration. 


Patients and methods 


50 control infants were randomly selected from the 
maternity units of Dorchester and Weymouth 
hospitals. All were term (737 weeks) :n gestation 
and 2-5 kg at birth. Their ages ranged from 
1 to 15 days (mean 4). 

A random group of 100 infants with birthweizhts 
«2:5 kg or gestations «37 weeks, or both, were 
studied in the special care units of 9 hospitals wichin 
5 days of their discharge home (Dorchester, Exeter, 
Queen Charlotte's, University College, Hillingdon, 
Kingston, Leicester, Hammersmith, and Brighton 
Hospitals). There were 51 boys and 49 girls; their 
ages ranged from 2 to 104 days, mean 26. Birthweights 
ranged from 840 to 2950 g (mean 1941) and gestation 
from 27 to 40 weeks (mean 34). 68 were preterm, 9 
were small-for-dates, and 23 were both. 11 infants 
were one of twins. Postconceptional maturity at the 
time of recording varied from 36 to 47 weeks. 

Five infants who had recently presented with 
‘near-miss’ cot death episodes were studied by a 
single 24-hour recording after other investigations 
had failed to show abnormalities. These infants 
presented with attacks of pallor, cyanosis, and 
collapse. They recovered either spontaneously or 
after resuscitation by their parents. An additional 
infant was studied because his 2 previous siblings 
had died from SIDS. He was preterm (birthweight 
1:50 kg, gestation 30 weeks) and was investigated 
immediately before discharge home at age 78 days. 

Finally, 11 infants with arrhythmias detected by a 
screening ECG performed routinely on al neonates 
in the Dorchester and Weymouth Maternity Hos- 
pitals were studied within the first 10 days of life. 


Recording technique 


24-hour ECG recordings were obtained using 2 
electrodes positioned over the heart. À simultaneous 


respiration signal, provided by a separate imped- 
ance unit powered by a rechargeable battery, was 
obtained from two electrodes placed approximately 


10 cm apart on the opposite side of the chest wall . 


from the ECG electrodes (Fig. 1). Changes in 
electrical resistance brought about by change in the 
dimensions cf the chest were received by the imped- 
ance unit and transferred to a second channel of a 
Medilog recorder (Oxford Medical Systems). ECG 
and respiration signals were checked during the 
recording by output leads to a test meter (Oxford 
Medical Systeras). Infants were not disturbed by the 
electrodes and mothers were able, and encouraged, 
to handle and feed their babies in the usual way while 
recordings were being made either in the maternity 
nurseries or in the discharge section of the special 
care unit. AL :nfants were in standard cots at the 
time of recordings. 

Four factozs influenced the quality of the res- 
piratory recordings. 


(1) Magnetic interference, which was avoided by 
bulk erasure of all cassettes before the 24-hour 
recording. 

(2) Oxide coating of the tape head, which was 
prevented bv the use of high quality cassettes and 
by cleanirz the tape head and capstan with 
industrial spirit after every 3 recordings. 

(3) The rechargeable lead acid batteries were un- 
reliable in retaining charge. Each battery was 
tested for charge level before use. 

(4) Excessive gain on the respiration pre-amplifier 
in the Mecilog recorder, which gave rise to a 
characteristic artefact pattern (Fig. 2) and was 
corrected by appropriate adjustment. 


The Medilog recorder and analyser incorporated 
a Svnclock mechanism which ensured that by 
providing and processing a constant reference time 
signal, possible variations in tape speed didl not 
produce artefectual recordings which could be 
interpreted as rhythm, rate, or respiration disorders. 





Fig. 1 The infara is attached to portable 24-hour 
ECG and respiration recorder by 4 pregelled electrodes. 
Two eiectrodes ovzr the heart record the ECG, and 

the two over the opposite side of the chest provide and 
record the impedaxce signal. 
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Fig*2 24-hour ECG and respiration recording 

showing the ECG trace above a simultaneous respiration 
signal. Respiration trace shows a normal volume signal 
followed by a pattern characteristic of saturation of the 
preamplifier. The straight lines are artefacts and represent 
deep breaths not apnoea. 


24-hour ECG and respiration analysis. The tapes 
were analysed using a system programmed to 
detect both apnoea >10 or 20 seconds’ duration 
from the respiration channel and heart rate, or 
rhythm changes outside preset values from the 
ECG channel (Oxford Medical Systems). The highest 
and Jowest heart rates were found and then docu- 
mented on standard ECG paper at 25 mm/second; 
the former were measured over 9 beats and the 
latter over 3, 5, and 9 beats’ duration. The rhythm 
over a minimum of 3 successive beats at the lowest 
heart rates was also noted. 

The analyser was set to trigger for all episodes of 
apnoea 2210 seconds and when these occurred a 
40-second memory display of respiration was pro- 
duced on the oscilloscope. A simultaneous 40- 
second memory of the ECG was also stored for 
display on a twin oscilloscope. Both ECG and res- 
piration memory stores could be independently 
printed at 25 mm/second on to standard ECG paper. 
However, to obtain simultaneous printouts (see 
Figures) of both ECG and respiration, a twin 
channel fibreoptic recording system was used 
(Medilec). Only clearly recognisable episodes of 
apnoea were documented; any episodes of appar- 
ently shallow respiration were noted but not analysed 
in this study. 
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Fig. 3 24-hour ECG and respiration reading from am 
infant who presented at 5 weeks with an episode of 
‘near miss’ SIDS. The trace begins with sinus rhythm 
at 150|min and a normal respiratory pattern. 15 seconds 
after the onset of this record there is an apnoeic episode 
lasting 40 seconds. Four seconds after the onset of apnoea 
there is a junctional escape rhythm which graduaily 
becomes slower, until 23 seconds after the onset of 

the episode an idioventricular rhythm of 66/min occurs. 
This last escape rhythm persists until the onset of 
normal respiration. With the fall in heart rate the 
cardiac impression on the respiration trace becomes 
aiger in amplitude. 


Interference from the cardiac impulse often 
simulated respiration during episodes of apnoea, 
particularly when associated bradycardia was 
present. As the heart rate slowed the stroke volume 
of the heart increased and in some cases the cardiac 
signal received on the respiration channel became 
indistinguishable from normal respiration (Fig. 3). 
The simultaneous recording of ECG ensured that 
cardiac impulse interference was recognised by 
matching the rates. Finally, whenever an apnoeic 
episode was detected, the presence of associated 
bradycardia <100/min was noted, and the delay 
between the onset of apnoea and that of the brady- 
cardia was documented. 


Results 


Term infant control population (n—50). The dis- 
tribution of slowest and fastest heart rates (Table 1) 
was shown to conform to normal by the Kolo- 
mogorov-Smirnov test.3 At their slowest rates 36 
(7297) had sinus and 14 (28%) had junctional 


Table 1 Heart rate values in controls and preterm, low birthweight infants 


Highest rate[minute Lowest rate[ minute 


Measured over 9 beats Measured over 3 beats Measured over 5 beats Measured over 9 beats 

Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD 
Term (n=50) 150 230 189 20 46 120 79 14 52 120 82 13 61 120 88 13 
Preterm 


(n= 100) 160 240 195 16 27 140 79 


18 35 140 84 18 36 140 91 18 
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escape rhythms (Table 2). Five infants had supra- 
ventricular premature beats —12/hour in one (38/ 
hour); 2 had ventricular premature beats >12/hour 
in one (485/hour) (Table 2). 

34 (68%) control infants had apnoeic episodes of 
10-14 seconds' duration (Fig. 4) and included 4 
(8%) with apnoea of 15-19 seconds’ duration and 2 
(4%) with apnoea 220 seconds (20 and 28 seconds’) 
duratipn (Table 3). 

The average maximum duration of apnoeic 
episodes 210 seconds in the 34 members of this 
group with apnoea 210 seconds was 13 seconds 
(95th centile 18 seconds, maximum 28 seconds), 
Details of the 2 babies with the most prolonged 
episodes of apnoea are given in Table 4. 

50 of a total of 288 episodes of 10-14 seconds, all 
of 4 episodes of 15-19 seconds, and both of 2 >20 
seconds’ duration were associated with episodes of 
bradycardia <100 min (Table 3). Of a total of 17 
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Fig. 4 24-hour ECG and respiration reading showing 
recurrent episodes of apnoea of between 9 and 13 
seconds. ECG shows sinus rhythm of 132[min. e 


subjects with apnoeic episodes and associated brady- 
cardia of <100,/min the bradycardia in 2 episodes, 
in different subjects, started simultaneously with the 
onset of apnoea and in the remainder after a delay 


Table2 Rhythm at lowest heart rate and frequency of premature beats in term and preterm, low birthweight infants 


Babies Rhythm at lowest heart rates Premature beats 
Sinus Junctional Idioventricular Junctional 4- Supraventricular Veniricular 
idloventricular (number |hour) (number [hour) 
Term (n—50) 36 (72%) 14 (28 %) 0 0 5(1,1,1,6,38)10% 2(<1485)4% 
R 76 18 H 3 2,1) 2% 6 (1," 6, 6, 19, 109, 258) 6% 


*One episode (10 beats in duration) of ventricular tachycardia 22C/min. 





Table 3 24-hour ECG and respiration recordings on term and preterm, low birthweight infants 
Babies Apnoea 10-14 seconds Apnoea 15~19 seconds Apnoea >20 seconds 
No. af No. of No. of Mean no. No, of No. of No. of No. af No. of No. of 
subjects episodes episodes per subject subjects episodes cpiccdes subjects episodes episodes 
Gnin-max with (95th centile) (min-max with (mit-max wiih 
no.{subject) bradycardia no.]subject) braaycardia no./subject) bradycardia 
<100jmin <I090/mumn « I00Ímin 
Term 34 288 50 6 (17) 5 4 4 2* A 2 
(n—50) (6874) (1-43) 10%) (1-1) (4%) (1-1) 
Preterm 65 608 84 6 (12) 21 37 21 8t 15 15 
(n-100 (65% (1-106) (21%) (1-6) (8%) (1-7) 


*Maximum duration 28 seconds, {maximum duration 52 seconds (Figs 8 and 9). 


Table 4 Details on the 7 infants with the most prolonged apnoeic episodes (95th centile) 





Case Sex Birthweight Gestation Age Rhythm at lowest Minimus: heart rate Duration of maximum 
(weeks) (days) heart rate measured over 9 beats apnoelc episode (seconds) 
Term 
1 F 22500 40 2 Sinus 71 28 
2 F >2500 41 7 Sirus 95 20 
Preterm 
3 M 1190 30 64 Junctional 36* 52 (Figs 8 and 9) 
4 M 2520 34 17 Sinus 92 22 
5t M 2110 33 19 Junctional + 70 21 
idioventricular 
6 F 2090 33 34 Jurctional 68 20 
7 F 1560 32 38 Jurctional 61 20 


*Including 3-2 seconds of asystole, talso had 109 ventricular prematuro beats/hour. 
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of between 2 and 13 seconds (average 5 seconds). 
In one baby bradycardia started 3 seconds before an 
apnoeic episode. In this population numerous 
episodes of bradycardia <100/min occurred in the 
absence of associated apnoea (as measured by the 
impedance technique). Finally, in 4 babies the 
apnoea continued after the bradycardia had ended 


(Fig. 5). 
io 
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Fig. 5 24-hour ECG and respiration recording shows 
two episodes of apnoea, the first episode of 15 seconds, 
the second of 17 seconds. A bradycardia of 72] min, 
containing a junctional escape rhythm, begins at the 
onset of the first apnoeic episode, but the apnoea 
continues for a further 10 seconds after the end of this 
bradycardia, A similar sequence of events occurs with 
the second apnoeic episode. 


—-RGrzE 


Frequenc y 


O — N uz qi O 3 c dO 6 


4 50 60 AD 80 90 XO TO wW fh o 
Lowest rate measured over nine beats 


Fig. 6 Histogram from direct ECG analysis of the 
minimum heart rates measured over 9 consecutive 
beats in 100 healthy low birthweight infants studied 
immediately before their discharge home (this 
histogram follows a normal distribution). 





Low birthweight and preterm population (n—100). 
The distribution of lowest and highest heart rates 
was also shown to conform to normal by the Kolo- 
mogorov-Smirnov test (Fig. 6, Table 1).!? At their 
lowest heart rates 78 were in sinus rhythm, 18 had 
junctional, one idioventricular (Fig. 7), and 3 had 
both idioventricular and junctional escape rhythms 
(Table 2). 

Two had supraventricular and 6 had ventficular 
premature beats (Table 2). Of the 2 with supra- 
ventricular premature beats, none had >12/hour, 
but 3 of the 6 infants with ventricular premature 
beats had >12/hour (19, 109, and 258/hour). A 
further subject had a single episode of 10 beats’ 
duration of ventricular tachycardia (220/min) | 
(Table 2). 

66 babies in this group had apnoeic episodes >10 
seconds' duration, 65 had apnoea of 10-14 seconds, 
including 21 with apnoea of 15-19 seconds' duration 
and 8 with apnoea 220 seconds (Table 3). One 
baby had apnoea of 15-19 seconds without episodes 
of apnoea of 10-14 seconds. 

The average maximum duration of apnoeic 
episodes in the 66 infants with apnoea >10 seconds 
was 14 seconds (95th centile 20 seconds, maximum 
52 seconds (Figs 8 and 9)). 

Details of the 5 babies with the most prolonged 
apnoeic episodes are shown in Table 4. 

34 babies had apnoeic episodes of 10 seconds, 
associated with bradycardia. In 3 the bradycardia 
started simultaneously with the onset of apnoea and 
in the remainder after a delay of between 3 and 20 
seconds (average 8 seconds) (Fig. 10). 

Numerous episodes of bradycardia without 
associated apnoea, as documented by impedance 
changes, occurred in this group. 

The frequency of apnoeic episodes of 10-14 
seconds’ duration correlated with gestation at birth: 
the more preterm the more frequent the apnoeic 
episodes on discharge from hospital (Spearman 
rank correlation P<0-05). Apnoea >14 seconds did 
not correlate significantly. Apnoeic episodes <20 
seconds were also present more frequently in the 
preterm, than in the preterm plus small-for-dates 
groups, or in the small-for-dates group alone 
(P<0-02 for 10-14 seconds, P<0-05 for 15-19 
seconds; Mann-Whitney U test.!? Apnoeic episodes 
720 seconds were not significantly correlated with 
maturity category. 


Fig. 7 24-hour ECG and respiration 
recording shows ECG at 25 mm]second. 
There is an episode of idioventricular 
rhythm at 73|[min. The wide and 

bizarre QRS-complex indicates a 
ventricular origin for this escape rhythm. 
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Near-miss SIDS and sibling SIDS group (n=6). 
Details of recordings on 5 babies with near-miss 
SIDS and one infant with 2 previous siblings with 
SIDS are shown in Table 5 (Figs 11 and 3). Four 
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Fig.8 24-hour ECG and respiration recording from 

an apparently healthy preterm infant studied at age 

64 days, 2 days before discharge home. Six seconds 
after the onset of the recording there is a ‘sigh’ followed 
by an episode of apnoea of 52 seconds. Fiye seconds 
after the onset of apnoea there ts sudden sinus 
bradycardia which persists until 5 seconds after the 

end of this apnoeic episode. A junctional escape rhythm 
associated with cardiac asystole of 3 3 seconds takes 
over after 18 seconds of this bradycardia. There is a 
shorter episode of apnoea and bradycardia in the 

lowest panel. Six other episodes of apnoea > 20 seconds’ 
duration occurred du ing this 24-hour recording. 
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Fig.9 Section io 24-hour ECG recording at 25 mm] 
second illustrating the ECG features of the episode 
of apnoea and bradycardia shown in Fig. 8. Top panel 
shows the development of sinus biadycardia. During 
the second panel the PR-interval is much shorter due 
to a Junctional escape rhythm. In the third panel there 
is a sinus pause of 3-3 seconds. 


out of 6 in this group, when studied on 24-hour 
recordings, had prolonged apnoea (>40 seconds) 
or extreme bradycardia (<50/min) or both. 


Infants with arrhythmias on a standard ECG (n-—f1). 
Recordings on infants with premature beats or 
episodes of supraventricular tachycardia are shown 
in Table 6 (Fig. 12). All infants with premature beats, 
and 3 of 5 with episodes of bradycardia, failed to 
show apnoea during arrhythmias. Two babies with 
episodes of bradycardia had associated apnoea of 
10-14 seconds’ duration. 
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Fig. 10. 24-hour ECG and respiration recording 
showing an apnoeic episode of 21 seconds. A sinus 
bradycai dia leading to a junctional escape :hythm of 
72|min begins 8 seconds after onset of apnoea In 
addition there are two larger complexes during the 
apnoea which represent idioventricular escape beats. 
These beats are large, the ORS is widened, and their 
configuration is similar to ventricular prematuie 
beats, one of which occurs 5 seconds from the end of 
this illustration. 
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Fig. 11 24-hour ECG and respiration recording on 

an apparently healthy preterm infant of 32 weeks’ 
gestation, weight 1-47 ke at birth. At age 53 days he 
collapsed and needed artificial ventilation and exteinal 
cardiac massage before recovering (an example of a 
‘near-miss’ SIDS). This recording was performed 4 days 
later. 11 seconds ajte: the beginrung of the illustration 
there is a large signal on the respiration carrier 
followed by apnoea of 45 seconds. 20 seconds after the 
onset of thiz apnoea there is a sinus bradycardia 
leading to a junctioval escape rhythm. This episode of 
bradycardia ends varh the termination of apnoea. After 
this attack there is an episode of hyperventilation 
(producing a characteristic pattern on the respiration 
channel (see Fig. 2)). 
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Table 5 Details of combined 24-hour record of ECG and respiration on 5 ‘near-miss’ cot death infants and one 
preterm infant with Z siblings with SIDS 











, Birthweight Gestation Age 24-hour ECG lowest 24-hour respiration Clinical features 

E (kg) (weeks) (days) heart rates (over 3 maximum duration of 

s * beats) apnoea (seconds) 
1:47 32 57 56 45t (Fig 11) Near miss SIDS 
2 20 34 35 41 75t Near miss SDS 
2 36 37 38 $5* (Fig 3) 60t Near miss SIDS 
3 92 40 79 66 14f Near miss SIDS 
3 75 40 77 42 <10 Near miss SIDS R 
I 50 30 78 39* 14f Preterm with 2 siblings SIDS 
*Idioventricular rhythm at lowest heart rate, tassociated bradycardia « 100/min. . 


Table 6 Combined 24-hour ECG and iespuation 1ecordings on infants with avihythmias on the standard ECG 





Cases Standard ECG 24-hour recording Cluncal features 
ECG Respiration 
8-10 APBs {95 APHs/h, 8 APBa/h, No apnoea » 1035 
Y 1100 ABPS/h (Fig. 13) 
11 APBs Numerous APBs with No apnoea +108 Irregular fetal heart 
supraventricular 
tachycardia 260/min 
12 VPBs 1100 VPBs/h No apnoea > 10s Irregular fetal heart 
13 VPBs 2 episodes of ventricular No apnoea » 105 
tachycardia 180/min 
14, 15 Sudden slowing of rate to Episodes of bradycardia to Associated apnoea 10-14 s Cyanotic attacks in one 
60/min 56/min subject 
16-17 Sudden slowing of rate to Frequent episodes of No apnoea > 1053s 
65 [mun bradycardia to 65/min 
18 Sudden slowing of rate to Frequent episodes of No apnoea » 105 Slow fetal heart rate 
68f/mun bradycardia to 55/min 
Supraventncular tachycardia 
240/min 





APB = Atrial premature beat, VPB = ventricular premature beat 
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o 
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Fig. 12 24-hour ECG and respiration recording E 
showing multiple supraventi icular piemature beats : 
and a normal pattern of respiration during the X 
arrhythmia. 
" ; f l 0 10 20 30 40 50 &0 70 
Finally, Fig. 13 gives details of maximum apnoeic Maximum duration of apnoea (seconds) 


duration attained over 24 hours correlated with 
minimum heart rate attained over 24 hours for Fig. 13 Minimum heart rate (measured over 3 beats) 
individual preterm, term, and near-miss cot death and the maximum duration of apnoea attained over 


subjects. the 24-hour period are plotted for each subject (controls, 
prete:m on discharge from hospital, and near-miss 
Discussion SIDS). This graph shows that most subjects have 


minunum lowest heart rates of > 50[min and maximum 
Value of combined 24-hour ECG and respiration apnoea duration of < 25 seconds. One preterm and 
recordings. 24-hour tape recording and analysis 3 near-miss subjects are positioned widely outside 
provides an efficient means of simultaneously these normal values. 
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investigating heart rate and rhythm changes from the 
ECG and respiration pattern from impedance 
pneumography. The technique ıs noninvasive, 
safely performed in hospital or at home, and each 
recording can be analysed in 30 to 45 minutes. The 
often intermittent nature of episodes of apnoea and 
bradycardia necessitates a long-term recording 
system for their documentation. Stein and Shannon! 
showed the value of tape recordings of respiration 
alone in the care of ill preterm infants. However, 
impedance pneumography does not detect upper 
airway obstructive apnoea, changes in chest wall 
dimensions continuing in the absence of air entry.? 
Such episodes, particularly when prolonged enough 
to produce hypoxaemia, are generally associated with 
bradycardia, and simultaneous documentation of the 
ECG on our tape recording system helps to prevent 
clinically relevant episodes from remaining un- 
detected. Similarly, as mentioned earlier, by matching 
the ECG signal to that of respiration, cardiac 
impulse interference during apnoea may be avoided 
(Fig. 3). 


Respiration patterns and heart rhythm in infancy. 
The frequency and duration of apnoeic episodes 
found in this study differ from those described in 
other studies of respiration in healthy term 
infants, possibly because of our longer recording 
time and larger population. For example, the 
percentage of babies (68 77) with episodes of apnoea 
79 seconds 1s much greater than in other studies 
of term infants—13 275 and 9-229719 Only one 
other study has reported apnoea exceeding 20seconds 
in duration.?? 

Previously reported studies of long-term ECG 
recordings on preterm infants!*-? cannot be com- 
pared with the recordings made in our study. All 
previous measuremenís were made in the first days 
of life and some of the infants were unwell, unlike 
our population of healthy preterm infants screened 
immediately before their discharge home. 

Both supraventricular and ventricular premature 
beats were common findings in term and preterm 
infants on discharge from hospital. Four pre- 
term infants and 2 near-miss 'cot death' babies 
showed episodes of idioventricular rhythm, asso- 
ciated in 5 of them with episodes of apnoea. This 
escape rhythm has not previously been described 
in infancy. 


Relationship between heart rate, heart rhythm, and 
apnoea in infancy. The relationship between apnoza 
and bradycardia found in this study agrees with 
previous reports.*?1—? During most episodes, 
bradycardia follows the onset of apnoea by a shorter 
period of time than would be expected 1f hypoxaemia 


were the cause (Fig. 8). In others, particularly in 
those with near-miss SIDS, there is a longer period 
of apnoea before bradycardia, suggesting that 


hypoxaemia may be responsible (Fig. 11). It is - 


possible that in some cases apnoea is preceded by 
upper airways obstruction (undetected by impedance 
pneumography), in which case the duration of 
apnoeic episcdes, that is cessation of air entry, may 
be even greater than we have described. Also, some 
episodes of oradycardia, seemingly without asso- 
clated apnoea on the tracing, may be associated 
with upper airways obstruction. 

It is likely that most episodes of bradycardia,{with 
or without apnoea, are automatic reflex events 
related for exemple to defecation, hiccoughing, or 
vomiting rather than to hypoxaemia.* This hypo- 
thesis is supported, in some cases by a continuation 
of apnoea after the bradycardia has ended (Fig. 5). 

24-hour ECG and respiration recordings on 
infants with arrhythmias on a standard ECG showed 
that premature beats or supraventricular tachy- 
cardias were not associated with apnoea, implying 
that they are primary disorders of cardiac conduction. 
Some infants with episodes of bradycardia had 
asscciated apnoea and some did not. The former 
may represent autonomic reflex events and the latter 
primary change in cardiac conduction. 


Findings related to sudden infant death and hypo- 
xaemic brain damage. Between 60 and 75% of 
preterm infants during the first days or weeks of life 
have prolonged apnoea >20 seconds.** These 
episodes often occur during sleep.*475 Many lead to 
hypoxaemia, require resuscitation, and are life 
threatening. Our hypothesis that some preterm 
infants on discaarge from hospital may have dan- 
gerous prolonged apnoea not detected by clinical 
observation was supported by the finding in one 
such infant of apnoea 750 seconds. This infant had 
been at home far 4 days before the tape recording 
was analysed but no abnormal features had been 
noticed, either by nursing staff before discharge from 
hospital, or bv his parents. 

The true incidence of prolonged apnoea in the 
apparently healthy preterm infant on discharge 
from hospital requires the study of a much larger 
population. This finding of a bigher frequency of 
hidden prolonged apnoea in the preterm group than 
in the term group may explain the higher incidence 
of SIDS in preterm than in term infants (6-12/1000 
preterm,® 4 2/1C00 term, J R Oakiey, 1978, personal 
communication). 

Finally, Steinschneider,/?9 and Guilleminault,® 
showed that the frequency and duration of pro- 
longed apnoee is enhanced by the presence of 
respiratory infection. Up to 40% of infants who 
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suffer SIDS have been reported to have had pre- 
ceding minor respiratory infections. It is therefore 
also possible that infants with prolonged apnoea 


‘represent a high risk group who, with intercurrent 


illness, die suddenly and unexpectedly. 

The incidence of some form of brain damage in 
the survivors of preterm, low birthweight babies has 
been reported to be between <3 and 33 %,?? a much 
higher frequency than in the term infant. Much of this 
damage occurs because of antenatal or immediate 
postnatal problems, but is it possible that in a pro- 
portion of preterm infants, hypoxaemia related to 
late Snset, hidden, prolonged apnoea may be res- 
ponsible ? 

Assuming a resting lung volume of 30 ml/kg and 
O, consumption of 7 ml/kg per min (representative 
for the neonate) alveolar Po, will have fallen from 
100 to 25 mmHg (13-3 to 3:3 kPa) and the blood in 
the pulmonary veins will only be 50% saturated after 
36 seconds of apnoea in a 3-kg infant (E Hey, 1979, 
personal communication). Pronounced hypoxaemia 
was therefore present in our preterm infant with 
apnoea 50 seconds. 

All previously reported work on prolonged apnoea 
and SIDS has resulted from the study of near-miss 
cot death patients.’-°*8 These findings, and our 
own, show that many patients, particularly those of 
low birthweights, have prolonged apnoea and brady- 
cardia. However in the study of near-miss patients 
it is possible that hypoxaemic brain damage asso- 
ciated with the original episode could result in the 
subsequent attacks of apnoea and bradycardia.*9 
Brain damage both in infants?! and adults?! has been 
shown to predispose to such episodes. 

Fig. 13 shows that it may now be possible to 
recognise a baby with an abnormal 24-hour ECG 
and respiration recording. If our hypothesis that 
infants with abnormal apnoea or bradycardia are at 
excessive risk of SIDS or postnatal brain damage is 
true, then infants at high risk may be identified and 
given preventive treatment. 


Conclusion 


This study has defined a range of normal values for 
ECG and respiration patterns in newborn infants 
before their discharge home. One of 100 apparently 
healthy low birthweight infants showed prolonged 
apnoea and extreme bradycardia. Similar findings 
were demonstrated in recordings of ‘near-miss’ 
SIDS subjects, and in a baby whose 2 siblings had 
died from SIDS. Sudden death and brain damage 
both occur more frequently in preterm infants and a 
possible relationship between these events and 
prolonged apnoea and bradycardia will only be 
determined by a prospective study that demonstrates 


an excess of sudden death or brain damage in a 
population of healthy preterm infants identified as 
having these disorders on discharge from hospital. 


Addendum 


In a subsequent and continuing study of 140 
preterm or low birthweight infants, 3 had episodes of 
bradycardia <50/minute including 2 with apnoea 
exceeding 30 seconds (31s, 37s). Thus in total 
prolonged apnoea (exceeding 30 seconds) and/or 
extreme bradycardia (<50/minute) was detected in 
4 of 240 preterm or low birthweight infants. 
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Effect of nasogastric tubes on nasal resistance during 


infancy 


JANET STOCKS 
Department of Paediatrics and Neonatal Medicine, Institute of Child Health, Hammersmith Hospital, London 


SUMMIARY Nasal resistance (Rn) and total airways resistance (RAW) during nose breathing were 
measured in two groups of preterm infants. One group had been fed by nasogastric tube during the 
neonatal period, while the other had received only orogastric or bottle feeds. There were no significant 
differences in either Rn or RAW between the two groups, which suggests that for these infants a 
history of nasogastric tube feeding had no adverse effect on subsequent respiratory function. The 
acute effects of the nasogastric tube (NGT) were assessed by measuring Rn and Raw with and 
without the NGT in situ. A significant increase in both Rn and RAW occurred when the NGT was 
in situ, particularly in white infants, and when the NGT was passed through the larger of the two 
nostrils. 


Nasogastric tube (NGT) feeding is commonly used 
for preterm infants although little is known about 


Subjects 
Long-term effects of the NGT. Measurements of 


either the acute or long-term effect this may have on 
nasal resistance (Rn). Previous work has shown that 
approximately half the total airways resistance 
(RAW) in white infants is due to the resistance of the 
nasal passages.! Consequently, as most neonates are 
obligatory nose breathers, any form of nasal 
obstruction could have significant effects on the 
overall function of the respiratory system. 

This study was carried out to determine whether 
NGT feeding had any adverse effect on subsequent 
Rn or RAw, and to measure the effect on airflow 
resistance of an NGT in situ. 


Department of Paediatrics, Institute of Chid Health, 
Hammersmith Hospital 
JANET STOCKS, research fellow 


resting Rn were made in 16 preterm infants (10 white, 
6 black) who had been fed via an NGT for varying 
periods of time (NGT group), and in 10 preterm 
infants (6 white, 4 black) who had been fed only 
orogastrically or by bottle (oral group). Details of the 
infants are summarised in Table 1. Concurrent 
measurements of thoracic gas volume (TGV) and 
Raw were made in 20 of these infants. 

There was no history of cardiopulmonary disease 
in any of the infants in the oral group, whereas 4 of 
the NGT infants had suffered from respiratory 
distress syndrome during the early neonatal 
period. However, since none of these infants had 
received nasotracheal intubation and all had 
regained entirely normal lung function by the time of 
testing, they were included in the study group. 


Table 1 Summary of long-term effects of nasogastric tube feeding on respiratory function. (Mean values + SEM) 


White babies 

NGT (n = 10) 
Gestational age (weeks) 31 524-0 8 
Postnatal age (days) 32 5 4 5.8 
Body weight at time of testing (kg) 2:01 + 0 07 
Duration of NGT feeding (days) 27 6 + 5-3 
Nasal resistance (kPa/l per second) 1 89 +0 10 
Nasal resistance asa 7, total avrvways resistance 50.7 -—-24 (n = 8) 


Specific aarways conductance during nose 


breathung (kPa/s) 38+01m = 8) 


Black babies 

Oral (n = 6) NGT (n = 6) Oral (n » 4) 
32 3 + 1-1 32 6 + 0*6 33 0 4- 1.6 
25 0 - 7.4 29 4-50 11-5442 
2 1140-06 1-84 + 9 07 2 04 + 0 18 
— 189 4-36 — 

i 88 + 0-15 0 90 + 0 08 1-04 +0 12 
48-643 7m=4) 28:7433 34 0(n2 2) 
35--01(n-e4) 47:03 52(u-2) 


Value of resistance expressed in kPa/l per second and should be multiplied by a factor of 10, to cbtain resistance in cmH,O/! per second, whereas 


specific conductance should be divided by 10 to obtain values in cmH,O 
17 


/s. 
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Acute effects of the NGT. Attempts to measure Rn 
with and without a feeding catheter (FG 5) in situ 
were made in 21 infants, but satisfactory results were 
obtained in only 7 infants dueto the prolonged nature 
of the test, and the disturbance caused to the infant 
by passing the NGT. Of these infants, 4 had pre- 
viously only been fed orally, while the remaining 3 
had received NGT feeds (Table 2). 

This study was approved 5y the District Ethical 
Committee and informed parental consent was 
obtained before it started. 


Method 


All measurements were performed 30-60 minutes 
postprandially, and the infants were lightly sedated 
with chloral hydrate syrup (50 mg/kg) 


Long-term effects. Rn was measured using an 
adaptation of the posterior rhinomanometric method 
which has been described;! changes in transnasal 
pressure are measured, using a small mouth balloon 
positioned in the posterior buccal cavity, and are 
related to simultaneous changes in the rate of air flow 
measured with a pneumotochcgraph attached to a 
face mask. 

Whenever possible, concurrent measurements of 
TGV and RAw were made, using an adaption of the 
plethysmographic technique which has been 
described.^ 3 As infants breathe naturelly through 
their noses, and rarely resort t5 mouth breathing, 
total Raw in infants comprises both nasal resistance 
and the resistance of the airways below the 
nasopharynx, thus giving an assessment of the 
overall function of the respiratory system. 


Acute effects. The acute effects of the NGT were 
assessed by measuring resting Rn, and then 
attempting to repeat the measurements with a 
feeding catheter (FG 5) passed through each nostril 
in turn, with a final measuremen: being made after 


the catheter had been removed altogether. However 
many infants were disturbed by this procedure, 
especially since satisfactory and reproducible values 


of resting Rn could take more than an hoy to’ 


obtain, and take even longer with the NGT in situ. 
Consequenzly reliable measurements of Rn with the 
NGT in sits were obtained in 7 infants, only 2 of 
whom co-operated at every stage of the tests. 

It had been hoped to assess the acute effects of the 
NGT on total RAw in the same 7 infants but this 
proved to be impossible for practical reasons. 
However measurements of RAw with and without 
the NGT in citu were made in 4 infants. 


Results 


Long-term effects. Resting values of Rn were signi- 
ficantly higher in white infants than in their black 
counterparts (P<0-001), and it was therefore 
necessary to analyse their results separately. Within 


o White 'oral' 
9 White NGT 
* Black 'oral' 
* Black NGT 
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Fig. 1 Nasal recistance (Rn) plotted against body 
weight in preterm infants, showing the significantly 
higher values of Ra in white than in black infants, but 
the absence of an» effect of previous nasogastric tube 
feeding on Rn within each racial group. 


Table 2 Acute effects of the nasogastric tube on nasal resistance in preterm infants 





Case Body weight (kg) — Previcus feeding Rn before NGT Change in Rn from preintubation value (kPa[I per second) 
(kPa[l per second) NGT in smaller rostril.— NGT in larger nostril NN GT removed 

White infanta 
1 20 Oral 1-81 +1:-75 (49% 42-75 (2-152) — 
2 2:1 Oral 1-63 +1.70 (+164) +2 55 (+156) +0-06 (4-4) 
3 19 NGT 1 96 — +2-44 (4-124) — 
4 2:2 Oral 2.65 — 4-3-20 (+121) —0-11 (—4) 
Black infants 

1-6 NGT 0 95 +0-52 (4-58) — — 
6 18 NGT 1 00 -F0-44 (--44) — — 
7 1-7 Oral 1-34 +0 69 (+51 +1-3 (+97) —0 03 (—2) 





Oral, fed by orogastric tube or bottle, or both, NGT, nasogastric tube feeding 


1 kPa — 10 cmH,O pressure. 
Percentages are given in parentheses. 
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each racial group there was no significant difference 
between the NGT and oral groups with respect to 
resting Rn (Table J, Fig. 1). There was a tendency 


for Rn to decrease with increasing body weight in 


the white infants (r = —0-5), but this relationship was 
not significant in the small range of infants studied 
(P —0-06), and was not apparent in the black infants. 

In each infant, Rn was calculated as a percentage 
of total RAw (where Raw represents the sum of the 
resistances of both the nasal passages and the 
airways below the nasopharynx). Once again, there 
was a Significant difference (P<0-001) between the 
white infants in whom Rn represented 50-0 + 6-897 
(SD) of total Raw, and the black infants in whom 
Rn contributed a mean of only 30:5 + 6-9% (SD); 
whereas differences in previous feeding had no 
significant effects (Fig. 2, Table 1). 

Finally, in order to obtain an assessment of 
overall airways calibre, corrected for differences in 
lung size, specific airways conductance (SGAW) was 
calculated by dividing airways conductance (GAw = 
1/RAw) by the infants TGV. Within each racial 
group, SGAw was found to be unaffected by 
previous NGT feeding (Table 1). 


Acute effects. In all the infants in whom it was 
possible to measure Rn with the NGT in situ, it was 
found to be easier to pass the NGT through one of 
the nostrils (designated the larger); this was the 
right nostril in 5 infants and the left in the remaining 
2. 

When the NGT was passed through the smaller 
nostril, mean Rn increased by 101% in white 
infants and by 50% in black ones, whereas when it 
was placed in the larger nostril, the increase in Rn 
was considerably greater, being 138% in the white 
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Fig. 2 Nasal resistance as a percentage of total 
airways resistance during nose breathing in each of 
the study groups. The mean +- SEM is shown for 
each group, except the black oral group as airways 
resistance was only measured in 2 infants. 


infants and 97% in a black infant (Table 2, Fig. 3). 
Resting levels of Rn were considerably lower in the 
black infants and the presente of the NGT caused a 
much smaller rise in Rn (both in absolute terms and 
percentage increase). In the 3 infants in whom it was 
possible to repeat the measurements after the NGT 
had been removed (Cases 2, 4, and 7, Table 2), Rn 
was found to be very similar to the original basal 
value. . 

The acute effects of the NGT on total airways 
resistance in 4 white preterm infants are shown dn 
Fig. 4. Mean Raw rose by 49:597 when the NGT 
was in the larger nostril, and by 32:5% when it was 
in the smaller one. 
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Fig 3 Acute effects of the nasogash ic tube on nasal 
resistance. Individual infants are »epresented by 
different symbols; open symbols 1epresenting white 
infants, and closed symbols black ones. 
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Fig. 4 Acute effects of the nasogastric tube on total 
airways resistance in white preterm infants. Individual 
infants are represented by different symbols. 
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Discussion 


Long-term effects, Anatomical differences in nasal 
structure probably expiain the higher Rn found in 
white than in black infants, which was also found in 
a previous study.! Differences in Rn between black 
and white infants have ceen shown to be responsible 
for the lower Raw and higher SGAw during nose 
breathing in black infan:s (Table 1), with no evidence 
of any racial differences in the calibre 5f the lower 
aigways.! 

Rn was found to represent approximately 50% of 
total Raw in the white preterm infants, irrespective 
of feeding history, whick 1s very similar both to the 
values reported for infants during the first year of 
Iife,! and to those given for adults, *-5 suggesting that 
this relationship remains relatively constant through- 
out life. 

Thus comparison of resting results between the 
NGT and oral groups or babies showed no great 
differences with respect to any of the parameters 
measured, suggesting that for these infants, previous 
NGT feeding did not appear to have had an adverse 
effect on subsequent Rn or RAw. 


Acute effects. During the course cf this study it was 
noted that one nostril alwavs appeared to be larger 
than the other, and that the greatest increase in Rn 
occurred when the NGT was passed through the 
larger nostril. This was presumably due to the fact 
that when the larger nostri! was obstructed by the 
NGT, the infant was forced to breathe thrcugh the 
smaller nostril whose resistance would be con- 
siderably greater. Since this effect was noted whether 
the infant had been fed orally or nasogastrically, the 
discrepancy in nostril size cannot be attributed to 
possible effects of previous INGT feeding. A pro- 
nounced difference in the calibre of the Z nasal 
passages has been reported both in infants? and 
adults. In addition, Lacourt and Polgar® noted 
cyclic variations in the calibre of the 2 nostrils. 

If the overall calibre of the nostrils was greater 1n 
olack infants, as the resting values of Rn suggest, 
the presence of the NGT would cause relativeiy less 
obstruction and hence a smaller increase in Rn than 
in white infants, as indeed was found. 

In all the infants in whom it was possible to 
measure Rn or RAW after the NGT had beenremoved, 
very similar values to the origina! basal measurements 
were found. However, on one occasion the presence 
of the NGT caused a considerable degree of nasal 
secretion, which persisted after removal of the tube. 
Unfortunately it was not possible to measure nasal 
resistance in this infant as he became distressed and 
snufily, but this observation dces suggest that on 
occasions, the NGT may cause not only a degree of 


physical obstruction but irritation to the nasal 
mucosa resulting in increased secretions. 
The experiments performed to assess the effects of 


the NGT on total Raw showed that there was a > 


significant increase in Raw when the NGT was in 
situ, this effect being more pronounced when the 
NGT was in the larger nostril (Table 3, Fig. 4). 
However, whereas mean Rn increased by 1-7 kPa/1 
per second (17 cmH,Q/I per second) when the NGT 
was in the smaller nostril, and by 2:7 kPa/l per 
second ‘27 cmH,O/I per second) when the tube was 
in the larger nostril, the corresponding mean changes 
in Raw were only 1-3 and 1-9 kPa/l per secol (13 
and 19 cmH,O/I per second) respectively. Whether 
this discrepancy can be attributed to the fact that the 
effects of the NGT on Rn and Raw were assessed in 
different groups of babies and that the numbers were 
somewhbst limited, or to a degree of experimental 
error is not known. It is unlikely that the relatively 
smaller ircrease in RAW was due to the infant partly 
changing to mouth breathing in an attempt to 
overcome the obstruction when the NGT was in situ 
as most preterm infants are unable to mouth breathe 
even if both nostrils are completely obstructed, 
unless thev cry. All these measurements were taken 
during quiet breathing. In addition had the infants 
succeeded in mouth breathing when the NGT was 
in situ, one would have expected to see a fall in RAW 
below the resting values, instead of the significant 
increase that was measured. 

It is possible that some form of compensatory 
reflex action in the airways below the nasopharynx 
could have occurred in response to the partial nasal 
obstruction. Rattenborg? suggested that total Raw 
could be kept relatively constant in the presence of 
various exte-nal resistances by altering the position 
of the larynx, but this function of the larynx could 
not be confirmed by Spann and Hyatt? and is at 
variance with results obtained from this laboratory 
where it was shown that if variable resistances were 
added to the rebreathing apparatus, the measured 
Raw (apparatus plus infant) rose by almost identical 
increments.? 

Lacourt and Polgar® found that whereas resting 
values of Rp (pulmonary resistance) remained 
relatively constant throughout the day, Rn varied 
considerably. Consequently, they concluded that the 
resistance below the nasopharynx must have been 
changing inversely and simultaneously with the 
changes in Rn. presumably due to some compen- 
satory reflex phenomenon. However, the technique 
that they used for measuring Rn involved occluding 
alternate ncstris and depended on the patency 
of one nostril being totally unaffected (either 
mechanically or reflexly) by the occlusion of the 
other, an assumption which is unlikely to be valid 
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according to the work of Brown,’ and which may 
explain the pronounced variability of Rn in the 
presence of consistent values of Rp, an observation 


. which has not been confirmed in this laboratory. 


Widdicombe’? showed that stimulation of epi- 
pharyngeal receptors by a jet of air and other stimuli 
could lead to significant bronchodilatation, although 
others have found that in some instances different 
types of mechanical stimulation of the nasopharynx 
can induce bronchoconstriction.4 Obviously further 
work is needed to elucidate the effects of such reflexes 
in infants. 

Hoavever, if such a compensatory reflex exists in 
infants, the results of the present study suggest that 
it is not strong enough to negate the effects of nasal 
obstruction, and that the presence of an NGT will 
cause a significant increase in total Raw, at least in 
white preterm infants. 

In the past some studies of pulmonary resistance 
(Rp = airways plus tissue resistance), using the 
oesophageal balloon technique, have been performed 
with the catheter passed through the nostril.12-14 
However, since the presence of any tube is likely to 
cause an increase in Rp—the extent of which will vary 
according to the size and race of the infant, the 
dimensions of the catheter, and the choice of nostril.— 
such measurements of lung mechanics should 
obviously be performed with the catheter passed 
orally. 

In conclusion, while nasogastric feeding may often 
be the most convenient and suitable method of feed- 
ing small preterm infants and does not appear to 
have any adverse effect on their subsequent respirat- 
ory function, a considerable degree of nasal obstruc- 
tion can occur while the tube is in situ. Efforts should 
therefore be made to use the smallest feeding tube 
possible, to pass it through the smaller of the two 
nostrils (providing this does not necessitate undue 
force), to ensure that the opposite nostril remains 
completely unobstructed and, wherever possible, to 
avoid NGT feeding in infants who are already 
suffering from respiratory distress. 
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Upper airways obstruction and apnoea in preterm 


babies 


A D MILNER, A W BOON, R A SAUNDERS, AND I E HOPKIN 
Department of Child Health, Nottingham University Medical School, and Department of Neonatal 


Medicine and Surgery, Nottingham City Hospital 


SUMMARY Measurements of tidal flow, volume, and oesophageal pressure were recorded on a group 
of 8 severely preterm infants with periodic respiration. Analysis of the flow trace for evidence of 
cardiac artefact, and the tidal volume trace to identify at what point of the tidal cycle apnoea starts, 
indicated that upper airways obstruction was associated with about half these attacks. It is surmised 


that this is produced by glettic clesure. 


Much has already been written on the aetiology and 
management of apnoea of prematurity.! Whatever 
the initiating factor responsible for the attack, it is 
generally assumed that there is a cessation of active 
respiratory effort so that the respiratory system 
adopts a volume, the functional residual capacity 
(FRC), which is determined by the compliance 
characteristics of the lung chest wall and respiratory 
muscles. There is no direct evidence that this is 
so, since such studies as have been carried out 
on the pattern of respiration in preterm basies with 
apnoea have depended on devices, such as the 
impedance technique? or paired magnetometers.’ 
Unfortunately while these systems provide useful 
information on the rate and some information on the 
relative tidal volume, both produce signals which are 
out of phase with tidal breaths and are prone to a 
variety of artefacts. 

Preliminary analysis of records of tidal flow, 
volume, and oesophageal pressure obtained on 
babies with periodic respiration and apnoea indicated 
that it was by no means true that the lung volume is 
always at FRC during apnoeic attacks. We therefore 
set out to analyse data on a group of very preterm 
babies who had recurrent apnoea, in an attempt to 
identify at what point in the respiratory cycle apnoea 
began, and how the lung could remain above the 
resting FRC during a period of apnoea. 
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Method 


The babies were studied in the right lateral position in 
a cylindrical total body plethysmograph with a 
servo-controlled radiant heater. A soft, latex-coated 
flanged face mask mounted on a shutter system was 
advanced in order to obtain an airtight seal around 
the baby's nose and mouth. A bias flow of air 
(0-05 l/s) was fed to the face mask by tube to 
prevent rebreathing. Efferent flow, modified by the 
baby's respiratory efforts, was recorded by the 
pressure gradient across a gauze pneumotachograph 
mounted at the point where the face mask was 
attached to the shutter. Expired gases were 
conducted across the shutter and voided to the 
atmosphere by a further tube. The baby's tidal 
volume was measured by integration of the flow 
signal. Intrathoracic pressure changes were 
monitcred by a soft latex balloon (3 by 0:8 cm) 
mounted on the tip of a 6 FG nasogastric tube, 
passed orally and positioned so that the balloon lay 
in the lower third of the oesophagus.* The pneumo- 
tachograph was calibrated against a rotameter and 
the integrated volume calibrated against a syringe at 
the end of each study. The oesophageal pressure 
transducer was calibrated against a water manometer. 
All data were collected on magnetic tape. Further 
details of the system are given elsewhere.* The data 
were subsequently played on to a UV recorder and 
examined for the following information: (1) the 
number and length of epnoeic attacks, (2) the point 
of tidal volume at which the apnoea began, (3) the 
effect of any intrathoracic pressure change on lung 
volume during apnoea, (4) the presence or absence of 
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cardiac artefact on the flow trace during apnoea. As 
the cardiac impulse routinely produces an artefact 
superimposed on the flow trace, the absence of this 
artefact would indicate that the respiratory tract was 
obstructed. 


Subjects 


The records of 8 babies studied on 13 occasions were 
examined. All were born at a gestational age <30 
weeks (mean 28-6, range 26-30) and had a mean 
birthweight of 1-02 kg (range 0: 74—1:24). The age at 
the time of study ranged from 3 to 65 days (mean 
30:3) and the mean weight at the time of study was 
1:40 kg (range 0-72-2-34). All had had recurrent 
apnoeic attacks persisting for at least 30 seconds 
requiring stimulation, and 5 had required intubation 
to terminate an attack on at least one occasion. 
- Seven had received oral theophylline and 3 had at 
least one period of continuous positive airways 
pressure. Two babies had required supportive 
ventilation, one for 2 days and the other for 7. At the 
time of study, 3 babies were on theophylline. 
Readings were continued for between 2 and 16 
minutes (mean 7:6). 

No sedation was given before any of these studies. 
The project was passed by the local ethical committee 
before starting the studies. 


Results 


Data were obtained on 79 apnoeic episodes lasting 
for at least 5 seconds. During 10 of the studies at 
least 3 apnoeic episodes were observed, and on two 
occasions more than 15. 42 persisted for 5 to 10 
seconds, 28 for between 10 and 30, and 9 lasted for 
longer than 30 seconds—one persisting for 57 
seconds. 

The Jung volume stabilised at the end-tidal point 
on 59 of the 79 occasions (Fig. 1), during the inspira- 


Fig. 1 Trace of intrathoracic 
(oesophageal) pressure, tidal flow (V), 
and tidal volume (Vò showing an apnoeic 
attack lasting 7-5 seconds. Lung 

volume is at FRC during the attack. 
Cardiac artefact is clearly visible on the 
flow trace. Active respiratory effort 
occurring after 2-5 seconds of apnoea 
produces a tidal volume change. 


tory phase in 5 (Fig. 2), at full inspiration in 4, and 
during the expiratory phase in 4 (Fig. 3). Respiratory 
efforts were seen during 26 apnoeic episodes. On only 
three occasions was there any associated tidal 
volume change (Figs 1 and 4). Evidence of cardiac 
artefact on the flow trace was present on 39 (Fig. 1) 
and absent during 39 of the apnoeic attacks (Fig. 4), 
even though the artefact was always present during 
tidal breathing. On one occasion the cardiac artefact 
was Visible at the beginning of the apnoeic attack and 
then disappeared (Fig. 5). The relationship between 
the presence and absence of cardiac artefact, the 
point of the tidal volume at which apnoea begins, 
and the response to respiratory effort during apnoea 
are shown in Fig. 6. 
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Fig. 2 Trace of apnoeic attack starting at 
mid-inspiration. During apnoea no cardiac artefact is 
visible on the flow trace except for a short period 

after 3 seconds of apnoea, when a tidal volume change 
occurs in Yesponse to respiratory effort. Aitefact 
disappears for a further second after this. Large positive 
oesophageal pressure change is produced by an 
oesophageal contraction. 


24  Milner, Boon, Saunders, and Hopkin 


Oesophageal 
pressure 20 ON 
(kPa) ‘Ny NIN 
Vt (ml) AAN M T" 
baoa tt 


Time 10 seconds 


Fig. 3 Trace of apnoeic attack starting during 
expiration. Lung volume does “ot fall to FRC until 
respiration restarts when the initial flow and volume 
changes are expiratory. Cardiac artefact is absent from 
the flow trace during apnoea. Tidal flow, volume, and 
oesophageal pressure traces show the pattern associated 
with grunting respiration.* 


The findings indicate that when apnoea began at a 
point other than end-tidal, the cardiac arcefact was 
always absent from the flow trace. Respiratory 
efforts in the presence of the cardiac artefact always 
produced a volume change when the cardiac artefact 
was present but never when the artefact was absent. 


Discussion 


These data indicate that a'though during apnoea the 
respiratory system may fali to the FRC this does not 
always happen, and in this series cccurred only in 59 
of 79 apnoeic attacks. The mechanism for the failure 
to reach FRC appears to be that there is sometimes 
an obstruction in the upper airways throughout the 
period of apnoea. The cardiac impulse always 
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Fig. 5 Trace of apnoea starting at FRC. For the first 

3 seconds of apnoea the cardiac artefact is visible on 
the flow trace. This then disappears, indicating that the 
airways have become occluded, so that subsequent 
respiratory efforts fail to preduce tidal exchange until 
the attack stops. 


produces an artefact on the flow trace during tidal 
breathing. In approximately half the apnoeic attacks 
this artefact disappeared, providing further strong 
evidence that upper airways obstruction is taking 
place. The absence of tidal exchange in the presence 
of vigorous respiratory efforts provides further 
strong support for this conclusion. The cause of the 
obstruction remains conjectural, but we would 
suggest that glottic closure is by far the most likely 
reason. It 1s a common clinical observation that 
babies requiring intubation for apnoea often have 
adducted vocal cords Whether upper airways 
obstruction is important in initiating apnoeic attacks 
can only be surmised. Previously reported data 
showed that the same babies responded quite unlike 
their term counterparts to an externally imposed 
airways obstruction. Shutter closure during the 
measurement of thoracic gas volume resulted in a 
cessation of all respiratory effort, unlike the 


A Fig. 4 Trace of prolonged apnoeic 

attack starting at FRC. Cardiac artefact 
is absent from the flow trace apart froma 
very small tidal exchange occurring 5 
seconds after the onset of apnoea. No 
lung volume changes are seen, eyen in 

\ the presence of large intrathoracic pressure 
swings, until the attack terminated. This 

presumably results from airways obstruction. 
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healthy, term babies in whom respiratory activity 
continued. The data indicate, however, that even in 
this group of very preterm babies, about half the 
attacks were not associated with air-flow obstruction, 
and so this mechanism cannot be regarded as the 
sole factor initiating the attacks. Indeed on one 
occasion airways obstruction started after the onset 
of apnoea (Fig. 5). Nevertheless it is interesting that 
babies with upper respiratory tract infection who 
adopt a periodic respiratory pattern similar to that 
seen in preterm babies do appear to be prone to 
sudden infant death. It is undoubtedly true that even 
a mild upper respiratory tract infection can produce 
considerable upper airways obstruction. 

Finally it is tempting to draw a parallel between 
apnoea in neonates with the sleep apnoea syndromes 
in adults and older children, especially as the latter 
have also been subdivided into obstructive and 
central apnoea.’ Unfortunately we were unable to 
record the periods of REM sleep and relate this to 
the baby's apnoeic attacks. 
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Immunological abnormalities in the syndrome of 
poliomyelitis-like illness associated with acute 
bronchial asthma (Hopkins's syndrome) 


JI MANSON AND Y H THONG 


Department of Neurology, Adelaide Children’s Hospital, and Department of Paediatrics, University of 


Adelaide, Australia 


SUMMARY In recent years an unusual syndrome of poliomvelitis-like illness, associated with acute 
bronchial asthma, has been reported from different parts of the world. A further 3 cases are described 
in this paper. Although the condition resembles poliomyelitis in most respects, particularly with 
regard to the severe permanent residual weakness usuzlly observed, consistent evidence of a viral 
aetiology has not been forthcoming. Tests of immune function suggested the presence of varying 
degrees of nonspecific immune deficiency in our 3 patients, but evidence of viral invasion was 
inconclusive. It is suggested that a combination of immune deficiency with the stress of the acute 
asthma attack rendered the patients susceptible to invasion of the anterior horn cells by a viral agent, 
which may have been of external origin, or may have existed in a latent form within the host. 


In 1974 Hopkins and Shield described 10 children 
who had a poliomyelitis-like illness 4 to 7 days after 
an acute asthma  attack.-? The illness was 
characterised by the rapid evolution over a period of 
several days of a severe and extensive lower motor 
neurone paralysis, affecting only one limb in most 
cases, although in 2 patients patchy weakness of 
wider distribution was described. The cerebrospinal 
fluid showed a lymphocyte or neutrophil pleocytosis 
in all cases but one. The cerebrospinal fluid protein 
was raised in half the patientis, and some degree of 
neck or spine stiffness was present in half of them. 
All patients had been previously fully immunised 
against poliomyelitis with Sabin vaccine in infancy. 
Extensive virological studies were performed on 
Hopkins’s patients. Serial blood poliovirus antibody 
estimations showed no rise in titre in the 7 cases 
tested. Adenovirus type 3 was isolated from the 
stool of one patient, and echo virus type 18 from the 
stool of another. The stools of 9 patients were 
investigated for virus. Polio virus was not detected in 
any patient. Electrophysiclogical studies were 
performed on 2 patients and were noncontributory. 
In only one patient was there significant generalised 
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hypoxia. Although a wide range of drugs had been 
giver: to the patients during the asthma attacks, no 
single drug was common to all 10 patients. Cortico- 
steroids had been given to only 5 of them. A feature 
of the syndrome was the severe degree of permanent 
residual weakness in the affected muscles. 

Danta described a case of a similar syndrome in 
an 8-year-old girl. Five days after an acute asthma 
&ttack the girl developed almost complete paralysis 
of the left upper limb muscles and recovery was 
incomplete. 

Ilett et al.* reported 2 further cases of the same 
synd-ome, with severe permanent lower motor 
neurone weakness occurring in the left arm of each 
patient, developing 18 and 7 days respectively after 
an acute esthma attack. It was observed that the left 
arm in each case was the site of intravenous therapy, 
and they compared this with clinical paralytic 
policmyelitis, which has been known selectively to 
affect limbs which have been the site of injections. 
Another case with involvement of the right arm has 
recently bzen reported from the USA.? 

Tte possibility that immunodeficiency may play a 
role in the aetiology of this syndrome is suggested 


by several independent observations. Asthmatics asa " 


group have been found to have reduced immuno- 
logical responses compared. with normal subjects.$ 
Also, patients with specific immunodeficiencies, such 


“¢ Furthermore, 
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as selective IgA deficiency, have an increased 
predilection to allergy and bronchial asthma.’ ?? 
immunodeficient subjects have 
developed poliomyelitis after immunisation with 
oral polio vaccine.® 

Three patients with a syndrome identical with that 
described by Hopkins have been seen at this hospital 
during the last 5 years. Their details are presented 
below, and their clinical and virological aspects are 
summarised in Tables 1 and 2. 


Case 1, born 24 November 1972 


This child was a known asthmatic who was admitted 
with status asthmaticus on 11 February 1974. He was 
treated with intravenous aminophylline, salbutamol, 
hydrocortisone, and intravenous fluids, and his 
condition improved within 48 hours. On day 5 the 
child developed severe and extensive lower motor 
neurone paralysis of all muscle groups of both upper 
limbs, with subsequent gross wasting, areflexia, 
and flaccidity. The child was noted to have active 
deep tendon reflexes and bilateral Babinski responses 
in both lower limbs. Sensory examination was 
negative. Complete blood count examination on the 
day of admission showed a haemoglobin of 13:2 
g/dl, with normal red cell indices. Total white blood 
count was 16:6 x 10°/I, with a differential count of 
96% neutrophils, 1% lymphocytes, and 3% mono- 
cytes. On day 7 after admission the haemoglobin 
was 14:0 g/dl, with normal red cell indices. The 
total white blood count was 6:1 x 109/1, with 32% 


neutrophils, 5% eosinophils, 48 7; lymphocytes, 14% 
monocytes, 1% plasma cells, and a few myelocytes. 
There was an occasional atypical lymphocyte 
present. A myelogram was negative; CSF contained 
13 lymphocytes/ul; CSF protein was 0-13 g/l, CSF 
and faeces cultures were negative for viruses; 
however, varicella virus was obtained from the 
throat, although the child had no clinical features of 
varicella, and there was no rise 1n the titre of varicella 
antibody in the serum. Serological specimens 
showed. no significant rise in titre to a wide range of 
viruses, including Mycoplasma. Polio virus titres 
were not examimed at the time, but subsequent 
examunation in 1979 was negative for poliovirus 
types 2 and 3, and positive to a titre of 1 in 24 for 
poliovirus type 1. A limited examination of cellular 
and humoral immune functions was performed one 
week after the acute phase. Serum IgG was 3:9 g/l, 
IgA 0-23 g/l, IgM 1:35 g/l, and IgE 3550 IU/ml. 
Serum pneumococcal capsular antibody titre was 
less than 10, rising to 80 after stimulation. Serum 
tetanus antitoxin haemagglutination titre was 1 : 128. 
Lymphocyte transformation with phytohaemag- 
glutinin was 7500 counts/min (normal range 5900 to 
49 400). Skin tests for delayed hypersensitivity, using 
monilia and streptokinase, were negative. Serial 
electromyographic (EMG) studies confirmed an 
extensive process of severe lower motor neurone 
denervation in both upper limbs affecting all 
segments from C5 to T1, with absent or greatly 
reduced interference patterns in all tbe muscles 
tested, and numerous fibrillatons and positive 











Table 1 Clinical aspects 
Case Age (years) Clinical features Day of onset CSF EMG Recovery 
I 23 Lower motor neurone 5 13 lymphocytes, protein 13 Complete denervation Poor 
paralysis both arms L deltoid 
(C5-T1) 
2 i14 Lower motor neurone 4 4 RBC, 2 lymphocytes, Partial denervation Moderate 
paralysis 1 polymorph. Protein 70 L triceps, L tibialis anterior 
L arm, L leg (patchy 
distribution) 
3 42 Lower motor neurone 5 Normal (3 months later) Complete denervation Poor 
paralysis L, arm L biceps, L triceps; 
(C5—T1) Partial denervation 
L 1st dorsal 1nterosseus 
Table 2 Virological aspects 
Case Viral cultures Serology Immunisation status Polio antibodies (1979) 
I Throat, Varicella Negative Full Sabin immunisation Type 1 1 24 
CSF, negative. Type 2 Negative 


Fneces, negative 
Throat, negative 


3 


] 512 


Uu 


Not done Not done 


Static increase in Cocksackie BÍ 


Type 3 Negative 
Type 1 1.64 
Type 2 1:192 
Type 3 1.48 
Type 1 1.256 
Type 2 1.128 
Type 3 1.32 


Full Sabin immunisation 


Full Sabin immunisation 
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sharp waves. No spontaneous fasciculations were 
recorded. Voluntary interference patterns in the 
right biceps contained sparsely distributed polyphasic 
potentials of up to 12 mV amplitude, and up to 
15 to 20 milliseconds' duration. Sensory action 
potentials in the left rredian nerve had a latency of 
2 ms, and an amplitude of 25 uV. Ulnar and median 
nerve motor conduction could not be estimated due 
to the severity of the denervation of the hand 
musculature. 

* The child has subsequently made very little 
recovery. In December 1978 he had gross bilateral 
paralysis of all muscle groups in both upper limbs 
(Fig. 1), the only residual function being some 
partial flexion of the fingers of the right hand and 
some slight biceps function in the right arm. Subse- 
quent inquiries showed that the child had been fully 
immunised against poliomyelitis in infancy. Over the 
years he has been prone to frequent minor upper 
respiratory illnesses, with intermittent exacerbation 
of his asthma, which appears to be improving with 
the passage of time. 


Case 2, born 2 July 1966 


This 11-year-old asthmatic child had been fully 
immunised against polio in infancy with Sabin 
vaccine. He was admitted with a severe asthma 
attack on 22 June 1974. His condition improved 





Fig. 1 Case 1, 5 years after the acute attack. Note 
wasting of the spinati and deltoids. The child is wearing 
a shng because of a recent pathological fracture of 

the left humerus. 


after treatment with intravenous hydrocortisone and 
he was discharged on 27 June. However, he returned 
to hospital on 1 July complaining of weakness and 
rain in the left lower limb, which he had noticed 


dim 
? 


initially on day 4, after the onset of his recent asthma ` 


attack. On day 5 after the initial admission he had 
noted scme weakness of his left arm, which he had 
attributed to the intravenous injection administered 
in the ;eft arm. On examination he had gross 
weakness of the left triceps, and less severe weakness 
of deltoid, biceps and wrist extensors, with biceps 
wasting. There was gross weakness of the left hip 
flexors, extensors, and quadriceps; the mor® distal 
muscle groups in the left lower limb appeared 
relatively preserved. There was pronounced 
depression of deep tendon reflexes in the left arm 
and left leg. Sensory examination was normal. The 
ulnar and median nerves in the left arm, and the 
medial and lateral popliteal nerves in the left leg were 
all tender to palpation. There was pronounced 
limitation of straight Jeg raising, especially of the 
left lower limb. Complete blood count on 22 June 
gave a haemoglobin of 13:0 g/dl, with normal red 
cell indices. White blood count was 17:3 x 10°/I, 
with 75% neutrophils, 18% lymphocytes, 7% 
morocytes, and a few myelocytes. A repeat blood 
count on 2 July showed a fall in the WBC to 
7:6 x 10?/1, with 46% neutrophils, 4% eosinophils, 
1% basophils, 39% lymphocytes, 8% monocytes, 
and 2% plasma cells. CSF examination showed 4 red 
cells], 2 lymphocytes/u], and 1 polymorph/ul. 
CSF protein was 0-70 g/l, CSF sugar normal. Viral 
cultures of throat, faeces, and CSF were negative. 
Serological tests showed a constant increase in the 
titre to Cocksackie B1 at a level of 1 in 512 on 9 July 
and 19 July, but were otherwise negative. Serological 
tests for polio antibodies were not done at the time, 
but when tested for in 1979 there was a positive titre 
of 1 1n 64 to poliovirus type 1, 1 in 192 to poliovirus 
type 2, and 1 in 48 to poliovirus type 3. Serum IgG 
was 10-25 g/l, IgA 1:15 g/l, and IgM 2-18 g/l. 
Tetanus antitoxin haemagglutination titre was 
1:128. EMG examination showed normal motor 
nerve conduction velocities of 50 metres/second and 
68 metres/secand in the left ulnar and left peroneal 
nerves respectively. Concentric needle sampling of 
the left triceps. left abductor digiti minimi, and left 
tibialis anterior, showed spontaneous positive 
sharp waves and fibrillation potentials at rest. 
Interference patterns consisted of sparsely distributed 
polyphasic units of 2 mV amplitude with very low 
voltage activity intervening, in all 3 muscles sampled. 


At follow-up in December 1978 he had a severe ' 


residual weakness of the left lower limb with 
wasting of the gluteals and thigh muscles (Fig. 2). 
The left uppe: limb showed only slight residual 
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Fig. 2 Case 2, 44 years after acute episode. Note 
wasting of left thigh musculature. There is also some 
mild gastrocnemius wasting. 


weakness and slight wasting of the triceps, biceps, 
and forearm flexors. Some fasciculations were 
observed in the left triceps. 


Case 3, born 30 June 1972 


This child had had recurrent asthma attacks before 
his admission to a rural district hospital in August 
1976 with a very severe asthma attack. He required 
intravenous corticosteroids, intubation, and assisted 
ventilation. Five days after cessation of assisted 


. ventilation a paralysed left arm was noted. 


Examination by the local doctor showed a severe 
paralysis of the left shoulder and elbow. When seen 
in the neurology clinic in November there was 
complete loss of all voluntary movements of the left 
shoulder and elbow, with gross wasting and weakness 
of all muscles in the CS, C6, and C7 distribution, 
including the rhomboids, the serratus anterior, and 
supraspinatus and infraspinatus muscles. There was 
some weak action of the intrinsic muscles of the 


left hand. The biceps, triceps, and supinator jerks were 
absent in the left upper limb. There was no sensory 
loss. EMG showed normal left median and ulnar 
nerve conduction velocities of 60 metres/second and 
55 metres/second, respectively. Sensory conduction 
along the left median nerve showed a peak latency 
of 1:8 ms and a response amplitude of 20 mV. EMG 
sampling of the left biceps, triceps, and first dorsal 
interosseus, showed prominent fibrillation potentials 
and positive sharp waves in all 3 muscles. No 
voluntary units could be recorded from the biceps ór 
triceps, but some were obtained from the first 
dorsal interosseus. Acute viral studies were not 
obtained because of the long time lapse between the 
acute illness and the presentation at this hospital. 
The CSF was examined in November 1976 and was 
completely normal. Immunological studies were not 
performed at that time. The child had had full 
Sabin polio immunisation in infancy. The following 
serum poliovirus titres were obtained: poliovirus 
type 1 was positive to a titre of 1 in 256; poliovirus 
type 2 was positive to a titre of 1 in 128; and polio- 
virus type 3 was positive to a titre of 1 in 32. 

At follow-up in December 1978 he had a flail left 
shoulder and elbow (Fig. 3), with moderate weakness 
of dorsiflexion of the left wrist and fingers, and 
moderate weakness of the intrinsic muscles of the 
left hand. There was moderate strength in the long 





Fig. 3 Case 3, 2 years after acute episode. Note 
extensive wasting of left upper arm musculature. 
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flexors of the wrist and fingers. There had been no 
significant recovery during this 2-year period of 
observation. 

In 1978 the 3 children described were recalled, and 
blood was drawn for immunological studies. The 
methods used are detailed below. 


Methods 


serum immunoglobulin (IgA, IgG, IgM) and 
complement (C3, C4) concentrations were measured 
by radial immunodiffusion, using commercial plates 
(Behringwer, W. Germany). Serum IgE was measured 
by radioimmunoassay (Pharmacia, Sweden). Total 
haemolytic complement activity (CH50) was 
estimated by the lysis of sheep red blood celis.? 
Lymphocytes and neutrophils were purified from 
peripheral blood by a one-step gradient centrifuga- 
tion procedure.) Lymphocyte transformation was 
examined, using a microtechnique.*4 T-cells were 


estimated as the percentage bearing E-rosettes.i 
B-cells were estimated by immunoflorescence, using 
gcat antihuman Ig Neutrophil chemotaxis was 


measurec by the agarose technique.? Neutrophil’ 


quantitative iodination was examined by a micro- 
assay procedure.!? Bactericidal capacity was tested 
by the killing of Staphylococcus aureus.14 Fungicidal 
capacity was tested by the killing of Torulopsis 
glabrata.» 


Results 


Tables 3, 4, and 5 give the results of the batfery of 
humoral and cellular immunological tests performed 
on blood samples from these 3 patients. The results 
show that Case 1 had a number of immunological 
abnormelities, comprising raised serum IgM and 
IgE levels, impaired neutrophil chemotaxis, and low 
T-cell numbers. This patient also had an inadequate 
serological response to immunisation with Sabin 


Table 3 Serum immunoglobulins and complement activity (1978) 








Case Age (years) Sex Serum immimoglobulins Serum complement 
G (gj) A (sil) M (jl) E (Umi) | CH50 (U/ml C3 (g]D C4 (g/l) 
1 8 M. 9-1 0 60 1 42 1546 167 1-60 0-30 
2 16 M. 9.1 0 87 2-16 613 85 0-72 0-25 
3 6 M 10 9 1 90 2.10 902 124 0-68 0-23 
Normal range 5.:$—14.9 0 5—2 3 0 3—1-3 54 — 392 90—165 0-8—1 2 0 2—0 4 
Table 4 Lymphocyte subpopulations and mitogen-induced transformation 71978) 
Cases Resting 3H-thynudine uptake (coznts/min + SD) T-cells (%) B-cells (%) 
Phytohaemagglutinin Pokeweed mitogen Concanavajin A 
1 606 + 108 12922 + 2155 11 798 + 2032 24 523 + 257 38 12 
1345 + 170 12914 + 1583 4867 + 507 81:6 + 1355 23 13 
2 808 + 356 19028 + 780 9340 + 586 17 760 + 1154 25 10 
162+ 13 15991 + 965 9240 + 219 26 670 + 1862 32 9 
3 664i 84 12538 + 916 8754 + 406 10 146 + 1283 59 12 
Controls (n = 22) 
Mean -+ 
SD 512 + 256 20003 + 5524 9485 + 2408 16 269 + 5666 6110 5 0+ 1 
Range 167 — 995 12 228 —32 625 5853 —14 526 9529 —33 60 52 — 70 8 — 14 
Cases 1 and 2 were tested on two separa:e occasions. 
Table 5 Neutrophil function (1978) 
Cases Chemotaxis (mmj3 a) Quantitative iodination Bactericidal capacity Fungicidal capacity 
(pnols/107 celis/Four) (X Silled in 2 hours) (% killed in 4 hours) 
i 0-85 6 92 NT 
0 64 4-3 NT NT 
2 2-60 4.0 95 88 
NT 5.5 93 NI 
3 1-60 3.4 94 84 
Controls (n = 22) 
Mean + SD 1-85 + 0-29 5.0 + 1:5 89 — 4 89 + 4 
Range 1-43 — 2-37 3.2 — 7.9 81 — 99 82 — 97 





NT = not tested 
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polio vaccine, as judged by the negative antibody 
titres to poliovirus types 2 and 3. Case 2 had raised 
serum IgM and IgE levels and low T-cell numbers. 
‘Case 3 was found to have raised IgM and IgE levels. 


Discussion 


The aetiology of this devastating and mysterious 
syndrome described by Hopkins is unknown. In our 
cases, the condition most closely resembles polio- 
myelitis, with the presence of acute lower motor 
neurone weakness of an anterior horn cell type 
of distribution, without any sensory loss, in associa- 
tion with inflammatory changes in the CSF, and 
severe permanent residual wasting and disability. No 
electrophysiological evidence of a peripheral neuro- 
pathy was obtained in our patients. In Case 2 there 
were clinical features—such as, limb pains, tender 
peripheral nerves, and limitation of straight leg 
raising—to suggest the possibility of inflammation 
of nerve roots, plexuses, and peripheral nerves. 
However, the permanent severe residual weakness, 
with fasciculation, suggests an associated anterior 
horn cell pathology. Consistent evidence of inter- 
current viral infection has not been obtained, despite 
extensive search. All recorded cases of Hopkins’s 
syndrome had previously been fully immunised 
against poliomyelitis. It was the observation of the 
reported association between the occurrence of 
paralytic poliomyelitis after polio immunisation in 
immunodeficient subjects which led us to investigate 
the 1mmunological status of these patients. The 
patients were studied 3 to 5 years after their illnesses 
at a time when they were clinically well and not 
receiving systemic medications such as cortico- 
steroids. The immunological abnormalities in our 
patients do not fall into the classical categories of 
immunodeficiency. The finding of low T-cell 
numbers indicates some impairment of cell-mediated 
immunity, such as occurs in the DiGeorge 
syndrome,?? which has been seen in association with 
paralytic poliomyelitis by one of us (J I M). However, 
the T-cell abnormalities in our patients were not 
severe, because mutogenic responses were not 
affected. Although raised IgM levels may represent a 
response to recent infection, our patients had not 
had any recent overt infections at the time of study 
in 1978. In the syndrome of immunodeficiency with 
raised IgM,!® this increase is probably a com- 
pensatory mechanism for IgG and IgA deficiency. It 
IS of interest, in this respect, that serum IgG and IgA 
levels were slightly depressed in Case 1 at the time of 
the acute asthma attack. However, at follow-up all 
3 patients had normal IgG and IgA levels. None the 
less, the raised IgM level in our patients may still 
represent a compensatory mechanism, but for 


underlying defects different from those described by 
Fudenberg et al.1® AII 3 patients had raised IgE levels, 
but this was not unexpected, as this is often the case 
in allergic subjects. Of some interest was the detection 
of impaired neutrophil chemotaxis in Case 1. The 
serum IgE was markedly raised in this patient 
(3550 IU/ml) at the time of the paralytic illness, and 
was still moderately so (1546 IU/ml), subsequently. 
The findings in this patient therefore, bear some 
resemblance to the syndrome of raised IgE and 
defective neutrophil chemotaxis.!? 

We wish to introduce the hypothesis that patients 
who develop an acute poliomyelitis-like illness 
after an acute asthma attack, do so because of an 
underlying immunological deficiency, albeit of a 
minor nature. It is possible that further immuno- 
suppression occurs in these patients at the time 
of an acute asthma attack as a result of stress, 
intercurrent infection, or corticosteroid therapy. 
This possibility is suggested by the observation in 
Case 1 of transiently reduced levels of IgG and IgA 
at the time of the acute attack. This patient also had a 
pronounced transient lymphopenia at that time. It is 
also worth noting, in passing, that Case 1, who had 
the greatest degree of immunodeficiency, had the 
most severe muscular paralysis. 

It may be that the host resistance is reduced to 
such a level that a virus, not usually considered 
pathogenic, may invade the anterior horn cells. Such 
a virus may be an opportunistic invader from the 
alimentary tract, or may even be a latent virus 
residing within the host. as can occur with the 
chronic infection that may follow the vaccination 
of the immunodeficient subject with live polio 
vaccine, in which case there may be a latent interval 
of several months before overt paralytic poliomyelitis 
develops.? A parallel observation has also been made 
that herpes simplex virus may remain latent in 
sensory ganglia, and be reactivated as a result of 
experimentally induced immunosuppression.1? 

In our patients, only in Case 1 was a virus isolated 
at the time of the acute illness. This was a varicella 
virus, isolated from the throat. In Hopkins's 10 
cases, one had adenovirus type 3, and another had 
echovirus type 18, isolated from the stool. In Case 2, 
a high serum titre of antibody to Cocksackie 
type BÍ virus was observed soon after the illness. 
This finding would have been compatible with recent 
Cocksackie type B1 infection, but cannot be con- 
sidered confirmatory. Infections with echovirus and 
Cocksackie virus have been associated with polio- 
myelitis-like illness in the past.1? 

The isolation of a varicella virus from the throat 
of Case 1 was a puzzling finding. The child had no 
overt evidence of clinical chickenpox infection at the 
time. We are aware of only one case (based on 
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personal experience) of chickenpox associated with 
poliomyelitis-like illness in an infant. However, the 
herpes varicella virus has been reported on several 
occasions as causing anterior horn cell infection, with 
resultant paralysis, in the syndrome of herpes 
zoster.” No zoster skin lesions were observed in our 
patient, but the possibility of anterior horn cell 
invasion by the varicella-zoster virus, without 
accompanying cutaneous zoster, has not been 
excluded. The failure to isolate a virus consistently 
from the other cases of Hopkins's syndrome so far 
described may possibly be due to the limitations of 
viral isolation techniques. Also, if the illness was due 
to reactivation of latent virus infection within the 
host, the virus may not be found in conventional 
sites, such as the alimentary tract. Moreover, viral 
serological studies may not be helpful if an immuno- 
logical disorder results in poor antibody production. 
This may be applicable to Case 1, who has failed 
to develop adequate polio antibody response, 
despite a full course of Sabin 1mmunisation. 

Further study of such cases is clearly required. No 
morbid anatomical data are available at present. 
Detailed immunological and virological studies of 
other patients with this rare syndrome will be 
required to test our hypothesis further. 


We thank Dr T H Beare and Professor G M Maxwell 
for their co-operation, Dr David Hansman and 
Professor B P Marmion for help with :he micro- 
biological aspects of these cases, Dr Andrew Black 
and Dr John Fewings for performing some of the 
electrophysiological studies, and the Department of 
Photography, Adelaide Children's Hospital, for 
supplying the illustrations. 
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Individualised continuous distending pressure applied 
within 6 hours of delivery in infants with —— 
distress syndrome 


A KEITH TANSWELL, RICHARD A CLUBB, BARRY T SMITH, AND R WESLEY BOSTON 


Neonatal Intensive Care Unit, Kingston General Hospital, and Department of Paediatrics, Queen's 
University, Kingston, Ontario, Canada 


SUMMARY A preliminary study was performed in which a simple clinical technique for estimating 
appropriate levels of continuous distending pressure (CDP) in infants with respiratory distress 
syndrome (RDS) was used to compare two groups of infants; one group had CDP started very early 
in life (3-1 + 0-3 hours) while in the other treatment was started at a more conventional age 
(23 + 5-4 hours). Appropriate CDP was identified as the point at which transpulmonary trans- 
mission of airways pressure to the cesophagus was seen suddenly to increase, while serial measure- 
ments allowed CDP levels to be instituted and varied according to physiological signs during the 
course of each infant’s disease. Oxygen requirements fell to <35% more rapidly in the early-treated 
group (10-6 + 1-2 v. 67-4 + 5-6 hours; P<0-001), as did the requirement for a CDP >4 cmH,O 
(28-9 + 5-3 v. 87-6 + 14-2 hours; P<0-001). Better (P<0-01) values for pH, Paco,, and A-aDo, 
were observed in the early-treated group. We believe that the use of this stmple technique has 
numerous advantages and that very early introduction of CDP can be realised in a manner selective 
enough for it only to be used in those infants in whom intervention is justified. 


A report by Gregory et al? led to widespread bined their data with those from similar studies and 
use of continuous distending pressure (CDP) in the demonstrated an improvement in mortality by the 
management of the respiratory distress syndrome earlier use of CDP. 

(RDS). Most studies have shown its use to be While the earher use of CDP is desirable, the 
associated with improvement of arterial oxygenation, associated morbidity prohibits over-liberal use.’ If an 
reduced severity of disease, and lessened exposure to acceptable risk/benefit ratio is to be preserved it is 
high oxygen concentrations. There have been few essential to select only those infants in whom its use 
large and controlled trials of CDP, and advances in would be beneficial, and subsequently to titrate CDP 
sick infant care have led to reductions in mortality according to the infant's changing needs. 

from RDS,? making it difficult to assess the contribu- This paper reports our early experience with a 
tion of any one component in management.? simple clinical technique which we believe allows 
Roberton,* in a review of reports, was unable  thesecriteria to be fulfilled. 

to find unquestionable evidence of an effect on 

survival of infants with RDS as a result of treatment Patlents and methods 
with CDP. If CDP is to have a beneficial effect on After the initial report of a simple method for 
mortality it seems likely that application earlier in measuring ‘optimal’ continuous distending pressure” 
the disease is required? 57? but at a pressure low we applied the technique, later described in greater 
enough to avoid complications. Allen et al.? com- detail, to the first 9 premature infants that became 
reni rre E uec et a «(available for study which. had RDS (Table 1) 
Department of Paediatrics, Queen's University, Kingston, according to our modification of the criteria of 


Ontario 13 : 

ARGANFUELE E E OS paediatrics Baden et al.!? These 9 infants are called the late- 
B T SMITH, associate professor of paediatrics tube with an end hole was passed through one 
R W BOSTON, professor of paediatrics nostril into the stomach, and attached to a microdot 
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transducer. Pressure ficctuations with respiration 
were displayed* visually and graphically, and the 
catheter withdrawn until the wave-form changed to 
an oesophageal pattern, establishing that the catheter 
tip was in the lower third of the oesophagus. Nasal 
CDP was applied through a shortened nasotracheal 
tube inserted through the other nostril into the 
posterior nasopharynx, and the applied pressure 
increased from zero in 2 cmH,O increments. 
Optimal CDP (OCDP) was defined as the least 
pressure at which increased transpulmonary trans- 
mission of the applied pressure could be detected by 
a shift of the recorded wave pattern (Fig. 1). As this 
study was designed to test the applicability of a 
simple clinical tool, actual measurement of oeso- 
phageal pressures was not performed, nor was it 


*Datascope Physiological Monitor, Datascope Corporation, 
New Jersey, USA. 


Table1 Criteria used to determine the two study groups 


Late-treated group Early-treated group 
1, Negative gastric aspirate 
shake test 
2. Chest x-r&y compatible RDS 
3, AÀ-8D03 in hyperoxm test 
2325 mmHg or Fjo; 20-75 
4. Chinical sgos compatible 
with RDS 
5. OCDP >4 cmH,0 


1. Negatrvo gastric aspirate 
shake test 
2. At Icast 5 of the following 
criterm with disease progression 
at 24 hours of age.* 
Respiratory rate > 60/min 
Intercostal recession and/or 
substernal retraction 
Grunting 
Recorded Pao, <60 mmHg 
Recorded Paco, >50 mmHg 
Chest x-ray compatible with RDS 
Cyanosis in room air 


*From Baden et al. 13 
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necessary to identify the changes sought. This 
procedure was repeated at frequent intervals, and the 
pressure at which a wave-form shift occurred was 
maintained until the next OCDP estimation. Theré 
were no difficulties in identifying the point at which 
shift occurred. In the smallest infants this shift was 
small but clearly defined and reproducible. We 
observed no wave-form shift below OCDP and no 
further upwards shift above OCDP. Occasionally 
measurement was deferred if an infant was too active, 
but this was not a problem. Between estima- 
tions the feeding tube was repositioned in the 
stomach and left open to prevent gastric distension 
from nasal CDP. The tube was flushed with a small 
voliume of saline before the next recording, and 
replaced if wave damping occurred. In this late- 
treated group 5 infants were receiving conventional 
CDP, at pressures below OCDP, at the time OCDP 
was first measured. 

Having found that this technique was simple and 
clinically applicable, we measured OCDP within 6 
hours of delivery in the next 17 infants that became 
available for study; we believed these babies would 
develop significant RDS (Table 1, early-treated 
group). All infants had a negative gastric aspirate 
shak= test, which we found in a large group of prema- 
ture infants indicated a 66% chance of developing 
RDS and a 100% chance of developing respiratory 
symptoms,” 14 and an x-ray pattern compatible with 
RDS. With both these criteria satisfied, an umbilical 
artery catheter was inserted and a ‘hyperoxia test 
performed in 100% oxygen, unless the fractional 
inspiratory oxygen (Fr0,) concentration was already 





Fig. 1 Oesophageal pressure (Pes) 
waye-forms observed over a 
range of distending pressures in 
one infant at 3, 12, and 18 hours 
of age. The pressure at which 
wave-form shift occurred 

(OCDP) is indicated, and is seen to 
fall with resolution of RDS. 
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0-75. All 17 infants had either an Fyo, 70-75 or 
an alveolar-arterial oxygen pressure difference 
~~ (A-aDo,) 525 mmHg and, having clinical signs 
* compatible with RDS, had OCDP estimations 
* performed. In only 13 infants (subsequently called 
the early-treated group) ın whom the initial OCDP 
value was 74 cmH,O, was OCDP maintained, since 
we felt that a lesser value reflected absent or mild 
disease. Of the 4 infants excluded by this last criterion 
one developed RDS, one transient tachypnoea, one 
congenital heart disease, and the other had early 
group B B-haemolytic streptococcal infection. 
Blocd-gas analyses were performed after the 
institution of OCDP, and thereafter as clinically 
indicated. Aortic blood pressure (BP) was recorded 
without CDP, at OCDP, and hourly during the 
course of treatment. Subsequent retrospective 
 . analysis of the case notes was performed to record 
W serial changes in arterial oxygen tension (Pao,), pH, 
Fyo,, and A-aDo,. In this analysis we elected to 
examine the data in the time frames 0—6, 7-12, 13-24, 
25-48, and 49-72 hours of age. Results were not 
available for every infant in every time frame, and if 
more than one result was available for a single 
infant in a time frame the mean value for these 
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results was used in analysis. Calculations for Fyo, in 
each time frame were made from the case notes 
record of oxygen concentrations rather than from the 
Fro, values noted at the time blood-gases were taken. 
A mean and standard error was calculated for each 
group in each time frame (Fig. 2) and the results 
compared. 

The A-aDo, was calculated according to the 
formula: E 
A-aDo, = F10,(AP-W VP) "t (Paco, + Pao») 
where AP is the atmospheric pressure and WVP is 
water vapour pressure. All measurements were 
expressed as mmHg. If CDP was being applied, the 

CDP (in mmHg) was added to AP. 

Comparisons were made between the two groups 
using Student's ¢ test. Three infants died and were 
included in the study until acute deterioration, at 
which point they received terminal positive pressure 
ventilation. 


Results 


OCDP was applied very early in life [means -+ SE] 
(3:1 + 0-3 hours) to 13 patients and at a more 
conventional time (23:5 -+ 4 hours) to 9 others. 
Table 2 compares several parameters in our two 
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$ COP applied <6hours (MLSE) 
è CDP applied >6hours (M*SE) 
v P<Q-01 

a P<Q 001 
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Fig.2 Results of serial blood-gas analyses (means 4: SE) are compared for early-treated and late-treated groups 
(see text). Only statistical differences with P values «0-01 or «0-001 are shown, less statistically significant 
differences being given in the text. The number of infants included for each group for each time frame is shown in 


the Paos graph. 
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Table2 Comparison of several parameters between groups early- and laie-treated with OCDP 








Late-onset OCDP Early-onset OCDP 

M + SE (Range) M 4 SE (Range) 
Entry into study (hours) 23 + 5.4 (10-54) 3-1 + 6-3* (2-5) 
Birthweight (g) 1996 + 206 (960-2780) 1552 4 130 (900-2160) 
Gestational age (weeks) 32.6 — 1-1 (27-36) 31:1 4-0-6 (28—35) 
3-minute Apgar score 7.6 -- 0.5 (5-9) 7-340 6 (2-9) 
A-&Do3 in 100% 0, (mmHg) 649 4- 10 (625—676) 663 + 5 (640-689) 
Initisl OCDP (cmH,0) 10-9 -4 1 (7-16) 8.4 4- 0.9 (5-16) 
Fro, >0 35 (hours) 97.4 4 5.6 (85-110) 10 6 + 1-2* (5-18) 
OCDP >4 cmH40 (hours) 87-6 — 14-2 (35-154) 28-9 + 5.3* (12—57) 
*"iP«0-001 


groups. No significant differences were observed 
in  birthweights (t=1-92; df=20; P=NS), 
gestational age (f=1-32; df==20; P=NS), or Apgar 
score (f=0-31; df—20; P= NS). All birthweights 
were appropriate for gestational age, which was 
confirmed by postnatal assessment.’ ‘Hyperoxia test’ 
results were available from 7 late-treated and 
10 early-treated infants berore the onset of OCDP; 
these were not significantly different (=1-31; 
df=15; P=NS). The initial pressures required to 
achieve OCDP, while not significantly different for 
the two groups (t=1-78; df=20; P=NS), were 
slightly higher in the late-treated group, compatible 
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with a later stage of the disease process at the time 
OCDP was started. A more rapid recovery in the 
earlv-treated infants is demonstrated by the more 
rapid fall in oxygen requirements to an FO «0:35 
(1—19:49; df—17; P«0-001) and in the time taken 
for OCDP to fall below 5 cmH,O (t=4-36; df —17; 
P<0-001). In the early-treated group chest x-rays 
showed rapid improvement after initiation of OCDP, 
while any radiological improvement in the late- 
treated group was slow to develop. Our aim was to 
maintain Pao, values between 50 and 80 mmHg in ail 
infants, but we failed to achieve this in the rapidly 
improving early-treated group, as is evident from 


Fig.3 Serial values for A-aDos from 
the time OCDP was introduced for all 
Infants. 
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Fig. 2. Differences were significant in the time 
frames 0-6 hours (f=2:18; df—14; P<0-05), 
7-12 hours (t=2-10; df=18; P«0-05), and 25-48 
hours (£—2-93; df=13; P<0-02). Paco, was at a 
lower level in the early-treated group, which 
achieved significance at 7-12 hours (1—3:01; df=18; 
P<0-01), 13-24 hours (t=3-18; df=15; P 0-01), 
and at 25-48 hours (t=2-°65; df—13; P<0-02). 
The pH was higher in the early-treated group being 
significant from 0-6 hours (t=2:97; df—14; 
P<0-02), 7-12 hours (1—2:43; df=18; P=<0°5), 
13-24 hours (t=5:44; df=15; P<0-001), and 
25-48 ehours (t=2:87; df=13; P<0-02). Oxygen 
requirements showed no difference in the first 6 hours 
of life, but thereafter there were pronounced 
differences at 7-12 hours (t=3 73; df=18; P<0-01), 
13-24 hours (t—7:37; df=15; P<0 001), 25-48 
hours (1—7:61; df=13; P 0-001), and 49-72 hours 
(t—4:81; df=9; P«0-001). Similarly for A-aDo;, 
no differences were seen in the first 6 hours, but 
these were pronounced from 7-12 hours (t—3:6; 
df=18; P<0-01), 13-24 hours (1—7:3; df=15; 
P 0-001), 25-48 hours (£—8-09; df—13; P «0-001), 
and 49-72 hours (1—3:9; df=9; P 0-01). The most 
visually evident difference between these two groups 
is in the A-aDo,, as seen in Fig. 3. Results before 
OCDP are omitted to prevent over crowding. 

There were 3 deaths in the total study group, one 
in the early-treated group and 2 in the late-treated 
one. In all 3 infants there was sudden deterioration 
with apnoea and circulatory disturbance and a 
rapid course to death despite positive pressure 
ventilation. All 3 had intraventricular haemorrhages 
identified at necropsy. No infant developed a 
pneumothorax while receiving OCDP, although one 
infant in the late-treated group had a draining 
pneumothorax at the initiation of OCDP. 

In all cases when OCDP was determined, we 
observed that a reduction in BP was produced by 
increasing CDP 2-6 cmH,O above OCDP. In 3 
infants OCDP was reassessed in response to reduc- 
tions of systolic BP by 10-20 mmHg. The BP in each 
infant returned to its original value on reduction of 
CDP to the re-estimated and lower OCDP. Two 
infants in the early-treated group were hypotensive 
when OCDP was first applied and became normoten- 
sive within a few minutes of OCDP application. 


Discussion 


The term optimal continuous distending pressure or 
OCDP has been used in this report in deference to 
Bonta et al? who coined the term in their report 
of the technique. While we are uncertain if our 
observations reflect a truly optimallevel for CDP, we 
believe that there is good evidence that this technique 


Individualised continuous distending pressure 31 


offers a means of physiologically evaluating an 
appropriate level of CDP for each infant. 

In infants with RDS only 20% transmission of 
airways pressure to the oesophagus was observed by 
Gregory ef al and 25-34% by Bancalari et al.1® 
Bonta et a[i19?-M confirmed these findings but 
made the important observation that transmission 
increased to 6497 at OCDP, and fell with any 
further increase in airways pressure. While there 
are no studies for infants with RDS in the very 
early hours of life, Suter et al? in adult patients 
with atelectatic lung disease, found that both under- 
and overinflation of the lungs can impair lung 
compliance, and reasoned that positive airways 
pressure can have both beneficial and detrimental 
effects as a function of recruiting atelectatic areas for 
gas exchange (beneficial thereby increasing 
functional residual capacity (FRC), compliance, and 
arterial oxygen tension, or by overdistending alveoli 
(detrimental) which decréases compliance and 
eventually obstructs venous return and decreases 
cardiac output. The influence of CDP, therefore, 
depends on the balance between recruitment of 
atelectatic areas and overdistension of air sacs. 
Bonta et al,” and ourselves, have observed that 
there is a sudden increase in transpulmonary trans- 
mission of airways pressure at OCDP in infants with 
RDS, suggesting that at this point the critical 
opening pressure of a large number of air sacs has 
been achieved; according to Suter et alt? this 
would result in improved compliance and therefore 
an increased transmission of airways pressure to the 
oesophagus. The further observation that any 
increase in CDP above OCDP (as defined here) 
results in a fall in transmission, suggests that the 
balance has swung to overdistension of air sacs with 
a resultant impairment of compliance and reduced 
pressure transmission. 

Our observation that OCDP occurs at successively 
lower pressures with time, indicates that the pressure 
necessary to keep the air sacs inflated decreases with 
improvement of the disease process, as would be 
expected. The extremely rapid rate of improvement in 
the early-treated group suggests that very early 
application of sufficient CDP to increase the FRC 
towards normal prevents surfactant destruction by a 
ventilatory pattern that allows low values for FRC at 
end-expiration.2-™ Since surfactant probably has a 
half-life of the order of 15 hours,?? and is already 
deficient in infants with RDS, any reduction of an 
enhanced rate of destruction would be beneficial. The 
better prevention of atelectasis in the early-treated 
rather than the late-treated group is reflected by the 
difference in A-aDo, values, indicating less right-to- 
left shunting of blood with a more even distribution 
of pressure over a large number of air sacs. The slow 
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response in the late-treated group is compatible with 
the findings of Bancalari et al® that application 
of CDP to a group cf infants with RDS at a mean 
age similar to our late-treated group can reduce lung 
compliance by predominantly hyperinflating open air 
sacs ratber than by reinflating atelectatic units. That 
the inferior results of our late-treated group were 
not simply due to inadequate CDP is suggested by the 
fall in BP which occurred as pressure increased above 
OCDP and prohibited eny further increase. The 
fall in Paco, seen during the first 24 hcurs in the 
early-treated group is contrary to the experience of 
other investigators applying CDP later in [ife,18 24-25 
and suggests that the decreased saccular ventilation 
observed in their late-studied infants was prevented 
in our early-treated group. 

Despite the use of very high initial pressures in 
some early-treated infants we saw no pneumo- 
thoraces, probably reflecting a more even distribu- 
tion of the pressure load without hyperinflation, and 
a briefer total exposure to increased airways pressure. 
In the combined study groups the mortality was 
14%; the 3 infants who died weighed 900, 900, and 
1650 g at birth. While the use of continuous positive 
pressure with a neck seal has oeen incriminated in the 
aetiology of intraventricular haemorrhage,” 
secondary to obstructed venous return to the 
chest, our BP observations. used as an indirect 
monitor of cardiac output. which in turn is directly 
related to mean airways pressure,?? did not suggest 
any such occurrence in these infants. Excessive 
pressure can cause a pronounced increase in intra-?? 
and extrapulmonary?-9? right-to-left shunt, and a 
reduction in cardiac output and blood pressure.™ 
The relationship between lung volume and 
pulmonary vascular resistance is a U-shaped curve 
with its nadir at normal FRC,?? which may partly 
account for the rapid reduction in A-aDo, seen only 
in the early-treated group. Tt would appear that our 
observations of a fall in blood pressure when 
exceeding OCDP represents the ascending limb of 
the U-shaped curve, while the *wo observations of 
improved BP with introduction of OCDP could 
represent a shift from the descending limb to the 
nadir. 

No completely satisfactory diagnosuc criteria 
exist for RDS, but most requir2 that clinical and 
biochemical deterioration continue at least beyond 
the first 24 hours of life. Any therapeutic modality 
which prevents the occurrence of these cardinal 
signs makes comparison of treated and control 
groups more difficult in terms of equating the initial 
severity of their lung disease, In this preliminary study 
we attempted to include only infants we believed 
would develop severe RDS, this we did by using 
exclusive entry criteria for the early-treated group. It 


may be seen that a tendency to lower weights and 
gestations in the early-treated group, and a pre- 
ponderance of males (84 v. 4497) would also tend to 
reduce the likelihood of early recovery in this group. 

We believe that this preliminary study supports 
the observations of Bonta et al., Y and extends them 
by showing that measurement of OCDP can not only 
help tc select infants in whom CDP is warranted 
early in life, but can be used to identify appropriate 
levels o7 CDP in each patient throughout the disease 
process. With this technique we have been able to 
apply individualised CDP, with confidence, at a much 
earlier age than in other studies, and demonstrate 
a striking difference in the clinical course of such 
infants. Larger numbers are required to demon- 
strate anv significant effect on mortality or morbidity, 
and a clinical trial of this technique is currently in its 
early stages. 
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Excretion of polyamines by children with Beckwith’s . Y 


syndrome 


G B BARLOW 


Department of Paediatric Surgery, Institute of Child Health, London 


SUMMARY The urinary excretion of the polyamines—putrescine, spermidine, and sperminé—was 
measured in 7 children with Beckwith's syndrome. Putrescine excretion was raised and spermidine 
excretion reduced. The raised putrescine and the low spermidine ratios were highly significant. These 
results are consistent wi-h a disturbance in a metabolic pathway under growth hormone-like regula- 


tion. 


The features of children with Beckwith's syndrome 
(sometimes known as EMG (exomphalcs, macro- 
glossia, gigantism) or Beckwith-Wiedemann syn- 
drome) are  macroglossia, somatic  gigantism, 
visceromegaly, exomphalos, and a transient neonatal 
hypoglycaemia. The disorders in growth suggest 
that there is some disturbance of the control 
mechanism. However, :n the only patient in whom 
growth hormone (GH) production was studied, it 
was normal.? 

GH facilitates the formation in the liver of the 


Table 1 
syndrome 


Clinical features of children with Beckwith's 








Case Age Weight 
(weeks) (kg) 

1 5 45 Umbilcal hernia, large protruding 
tongue, sloping forchead with 
prominent occiput. 

Blood glucose 2-4 mmol/l 

2 I 3.3 Exomphalos, large protruding tongue, 
abncrmsl ear lobes, hypoglycasmic 
episc des 

3 7 3-45 Exomphalos, enlarged tongue, perforation 
of calon, malrotation of gastrointestinal 
tract 
Blood glucose 1-7 mmol/l 

4 I day 47 Exomphalcs, enlarged protruding 
tongue, large slanting forehead, 
creasss on car lobes, large hands and 
feet 

5 i day 33 Exomphalos, glandular hypospadias, 
enlarged left kidney 

6 13 4-95 Small exonrphalos, protruberant tongue. 


Blood glucose 1 0 mmol/l 
Exomphalos, enlarged protruding 

tongue. 

Blood giccose, 1-8 mmol/l 


marssonii AA EEA AAA eniniiene C DI c d 
Conversion : SI to traditional umts—glacose: 1 mmol/la18 mg/100 ml 


aaan 
Department of Paediatric Surgery. Institute of Child Health 
G B BARLOW, senior lecturer in biochemistry 


polyamtnes—putrescine, spermidine, and spermine 
—-by controlling the enzyme ornithine decarboxylase 
(EC 41.1.17) Cortisol also stimulates hepatic 
ornithine decarboxylase activity, both by itself and 
synergistically with GH.* If the abnormal intrauterine 
growth of children with Beckwith’s syndrome were 
due to a fault in the GH-like regulating mechanism, 
changes might be expected in the excretion of poly- 
amines. Although an increased excretion of total 
polyamines was reported in one patient with 
acromegaly in whom the enlargement of distal parts 
of the body was associated with prolonged excessive 
secretion of GH, no further details were given.® It is 
also stated that "There are no known growth processes 
that occur without the prior stimulation of polyamine 
biosynthesis. The urinary excretion of these 
polyamines was measured in a group of 7 children 
with this syndrome. 


Methods 


24-hour urine collections were made from a group of 
10 children aged 2 months to 2 years who were not 
suffering infection or any growth disorder. These 
urine samples were used as controls. Similar collec- 
tions were made from 7 children with Beckwith's 
syndrome (Table 1). Urine samples, without 
preservative, were stored deep-frozen (—209C) 
until required for analysis. Tissue samples were 
obtained at necropsy (controls) or at operation 

zkwith's syndrome), and these were also scored at 
—209C until required. 

Aliquots of urine were hydrolysed in 6 mcl/1 HCI 
at 1009C overnight. The free polyamines were 
measured using a modular automatic amino-acid 
analyser (ChemLab Instruments) with columns and 
buffers similar to those described by Marton et al.” 
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Results 


When standards were added to urine samples and 
taken through the whole procedure, putrescine, 
spermidine, and spermine were recovered in yields of 
88 4-6-595, 79472%, and 83 + 4:1% respec- 
tively (mean + coefficient of variation) (8 estima- 
tions). In the controls the 24-hourly urinary excretion 
of putrescine was 0-85 + 0-71 pmol/kg (mean + 
SD) (range 0-26-2-2) and spermidine 0:45 + 0:36 
umol/kg (range 0-02-1-15). Spermine was below the 
detection level (0-05 umol/kg per 24 hours) in all 
but one child. When the age range was extended from 
2 months to 8 years there were no significant 
differences for the excretion of putrescine and 
spermidine, but the amounts of both were found to 
be related to body weight (r —0-72 with P «0-01 and 
r=0-65 with P «0-05). These control values appear 
to be similar to those reported for adults.’ 

The urinary excretion of spermidine in children 
with Beckwith's syndrome was either very low or it 
was undetectable (detection limit 0-02 umol/kg 
per 24 hours), the difference being significant 
(P 0-05) (Table 2). The excretion of putrescine was 
significantly increased (P<0-05), while spermine 
could not be detected in any of the patients. The 
putrescine/spermidine ratio was very high in all but 
one patient. 

In samples of tongue muscle removed at operation, 
the polyamine levels showed a reduced putrescine/ 


Table 2 24-hour urinary polyamine excretion 
(umol/kg) in children with Beckwith's syndrome 


Case Putrescine Spermidine Spermine 
i 1.5* 0 1 0 

0.7* 0:1 0 

1 7* 0 0 
2 1-8 0 0 
3 10 0 0 
4 0 0 0 
5 2:0 0 0 
6 34 0 0 
7 0-6 0 0 
*Analyses on 3 successive days 


Control levels: putrescine 0-85 + 0-71 pmol/kg per 24 hours (mean 
+ SD), spermidme 0 45 +. 0 36 pmol/kg per 24 hours (mean + SD), 
putrescine/spermidine ratio 3 0 + 3 5 (mean + SD). 


spermidine ratio compared with control specimens 
obtained at necropsy (Table 3). 


Discussion 


The stimulation of ornithine decarboxylase activity, 
on which polyamine formation depends, is controlled 
by GH in the kidney and liver, and by prolactin in 
the spleen. However, little appears to be known of 
the hormonal control in other tissues.? 

The concentrations of polyamines in tissue appear 
to determine the rate of growth as in catch-up growth 
after a period of restricted food intake,® and in liver 
regeneration after partial hepatectomy.!? The 
polyamines are believed to alter the rate of nucleic 
acid activity. Enhanced rates of ribonucleic acid and 
protein synthesis were observed after the rise in 
polyamine levels. The growth of tissue appears to 
be affected not only by the absolute amounts of 
polyamine present but also by the ratios of the 
different components. Thus in various tumours 
changes take place in the spermidine and putrescine 
ratios.’ 

It is possible therefore, that the growth disorders in 
Beckwith’s syndrome are associated with the high 
putrescine excretion and low spermidine and 
putrescine ratios in the urme. The raised output of 
putrescine and the reduced output of spermidine may 
have been due to a reduced conversion of putrescine 
to spermidine in the patients, or to enhanced 
metabolism of the spermidine. While in infancy 
children with Beckwith’s syndrome grow faster than 
normal, they tend to slow down to normal rates 
later. During this stage 1t is desirable to recheck the 
urinary polyamine levels which may conceivably 
be close to the normal range. If these results 
can be shown to be typical in this syndrome, then 
they raise the possibility of a better understanding 
of the mechanisms of a wider series of growth 
disorders. 


I thank Professor A W Wilkinson and MrJAS 
Dickson for allowing me to study their patients, and 
Dr P A McAnulty for estimating the tissue polyamine 
levels. 


Table3 Tissue levels of polyamines (mmol/kg wet tissue) in children with Beckwith's syndrome 


Group Tongue Age 
(months) 
Control (n » 3) Necropsy specimen 3i 
Necropsy specimen 4 hours 
Necropsy specimen 11 years 
Patients with Beckwith’s At operation 14 
syndrome (n = 2) At operation 11 


Putrescine Spermidine Spermine 
190 60 160 
460 100 200 
320 100 190 
260 120 210 
340 180 230 





Putrescime/spermidine ratio in controls 3-7, putrescine/spermidine ratio in children with Beckwith's syndrome 2 0, 
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Serum ferritin, liver iron stores, and liver histology in 


children with thalassaemia 


S DE VIRGILIIS, G SANNA, G CORNACCHIA, F ARGIOLU, V MURGIA, 


M PORCU, AND A CAO 


Istituto di Clinica Pediatrica II^, and Istituto d! Chimica Farmaceutica, University of Cagliari, Italy . 


SUMMARY Serum ferritin, liver iron stores, and liver histology were studied in 38 children with 
thalassaemia major who were being treated by regular blood transfusions. There was no correlation 
between serum ferritin levels and either the number of transfusions or the amount of iron deposited 
in the liver. However, for a given level of iron stores, ferritin levels were higher in patients with 
chronic hepatitis (including chronic aggressive and chronic persistent forms) than in those with 
hepatic siderosis only. We conclude that serum ferritin reflects tissue iron deposits in regularly 
transfused thalassaemic patients, only in the absence of hepatitis. 


Many authors have shown that serum ferritin 
concentration reflects body iron stores.'-? Moreover 
there is a direct correlation between the units of 
blood transfused and serum ferritin levels in 
patients with transfusion siderosis.**? On the other 
hand, Lipschitz et al.? and Prieto et al.* found raised 
serum ferritin levels in patients with both acute and 
chronic hepatitis, the values being particularly high 
in patients with viral hepatitis or drug-induced liver 
necrosis. Jacobs? stated that there were insufficient 
data for using serum ferritin as an index for liver 
injury. Therefore, the use of ferritin determinations 
clinically should be confined to providing a simple 
and noninvasive way to evaluate body iron 
stores. 

Earlier studies (unpublished) showed, as did the 
findings of Masera et al., that many regularly 
transfused patients with §-thalassaemia major are 
affected by chronic persistent hepatitis (CPH) and 
chronic aggressive hepatitis (CAH). We hoped to 
establish whether serum ferritin determination is a 
valid method for iron overload assessment in 
regularly transfused patients with a high incidence 
of chronic hepatitis. 
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A CAO, professor of paediatrics 

S DE VIRGILIS 

G SANNA 

G CORNACCHIA 

F ARGIOLU 

V MURGIA 

M PORCU 





43 


Materials and methods 


We examined 36 B?-thalassaemia homozygotes aged 
between 6 and 10 years. The histopathological 
findings showed that 12 of them had CPH, 18 had 
CAH, and 6 had siderosis. The diagnosis of homo- 
zygous B?-thalassaemia was made on the basis of 
Hb electrophoresis and globin chain synthesis." 

For the last 3 years patients have been transfused 
about every 3 or 4 weeks with packed red cells to 
keep Hb pretransfusion level >7 g/dl (with mean 
annual Hb level 9:45 g/dl). Desferrioxamine was 
given IM, 750 mg/day to children between 3 and 9 
years and 1 g/day to children over 9 years for six 
days a week. Previously, the patients had received 
only occasional transfusions, and desferrioxamine 
had been administered in low doses and irregularly. 

The histopathological diagnosis on biopsy speci- 
mens followed the criteria of De Groote et ai? 
modified by Bianchi et al? Diagnosis of chronic 
persistent hepatitis was thereby based on chronic 
inflammatory infiltration, mostly portal, with 
preserved lobular architecture and little or no 
fibrosis; piecemeal necrosis was absent or slight. 
The criteria for chronic active hepatitis were a 
chronic inflammatory and fibrosing lesion char- 
acterised by piecemeal necrosis, new fibre formation, 
and lymphocytic infiltration of portal tracts and 
lobules, or chronic hepatitis with bridging necrosis. 

In our department, patients who have persistently 
(6 months) raised serum transaminases (thrice 
normal) undergo liver biopsy. Those with excessive 
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transfusion needs (transfusion quotient above 2)? 
are splenectomised. A biopsy specimen is routinely 
taken in the course of such surgery. 

Liver biopsy tissue is zut in two: one part is used 
for histopathology. The iron content of the other 
is determined as follows: the dry sample is incinera- 
ted in a muffle oven a: 600°C; the ashes are dissolved 
in 3 ml concentrated HCI and brought to 100 ml with 
deionised H,O. Iron-free glassware and solutions 
are used throughout. A Perkin-Elmer model 503 
spectrophotometer with atomic absorption is used 
for iron determination; the flame technique is 
followed for iron solutions 70-1 mg/l and the 
graphite oven technique (using model HGA 2100) 
for lower concentrations. 

The patient's serum obtained just before liver 
biopsy is used for serum iron determination. Serum 
ferritin concentration is measured in duplicate 
samples of venous blood as ferritin protein using 
the immunoradiometric assay technique of Addison 
et al. modified by Milss et al.™* 


Results 


Fig. 1 shows the seram ferritin levels related to the 
number of transfusions the patients received (units 
of blood transfused). There was no correlation 
between serum ferritin levels and the number of 
transfusions received, even in cases of simple 
siderosis (r—0:176; P—NS). 

Fig. 2 shows serum ferritin levels in patients with 
differing liver histopathology: there was a highly 
significant difference (P<0°001) between the mean 
serum ferritin level in patients with simple siderosis 
compared with those with CPH and CAH. More- 
over patients with CAH had higher levels than those 
with CPH (P<0-001), while there was no signifi- 
cant difference between patients with simple 
siderosis and those with CPH. 
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Fig. 1 Serum ferritir. in regularly transfused thal- 
assaemic children witk and without chronic hepatitis: 
relation with the number of transfused units (r—0- 176; 
NS). Siderosis ( W), chronic persistent hepatitis (CPH) 
( €), chronic aggressive hepatitis (CAH) ( A). 
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Fig. 2 Serum ferritin in regularly transfused 
thalasscemic children related to liver histopathology 

(F— 10.74, P «0-001 by analysis of variance). 

Siderosis ( M), versus chronic persistent hepatitis 

(CPH) ( €), and chronic aggressive hepatitis (CAH) ( A). 
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Fig. 3 Serum ferritin levels and liver iron 
concentrations in regularly transfused thalassaemic 
children (r==0+159; NS). Siderosis ( W), chronic 
persistent hepatitis (CPH) ( €), chronic aggressive 
hepatitis (CAH) ( A). 


Fig. 3 shows the levels of serum ferritin and 
iron in liver tissue. The progressive rise of serum 
ferritin levels from siderosis to CPH and from CPH 
to CAH with the same iron concentration in the 
tissue can be seen. 
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Discussion 


We found no correlation between serum ferritin 
levels and either the number of transfusions received, 
or the amount of liver iron in patients with thal- 
assaemia major and chronic hepatitis. This is 
contrary to the findings of Letsky et al.? One reason 
for this might be that our patients had had irregular 
and low transfusions before this 3-year study, 
perhaps leading to an irregular and high intestinal 
absorption of iron. A second explanation might be 
that our patients had not all followed the chelation 
treatment with desferrioxamine in the same way. 
However, these explanations scarcely account for the 
lack of correlation between serum ferritin and liver 
iron. Yet if liver histopathology is also taken into 
account, with an equal iron concentration in the 
liver, serum ferritin levels are significantly higher 
in patients with CAH and CPH than in those with 
simple liver siderosis. 

In our patients with chronic hepatitis, serum 
ferritin levels did not seem to reflect iron overload. 
There may be two reasons for these high levels: (1) 
Leakage from the injured liver cells. Prieto et ai.* 
studied a group of patients with acute and chronic 
liver diseases and found the highest ferritin levels in 
patients with massive liver necrosis. (2) Increased 
ferritin synthesis. Such an increase was found by 
Konijn and Hershko!? when they injected rats with 
turpentine. 

Our data show that serum ferritin levels reflect 
body iron stores only in regularly transfused patients 
in whom there has been no acute or chronic hepa- 
titis. The only other method to evaluate body iron 
stores is by way of a liver biopsy specimen. 

In any event, when serum ferritin is greatly 
increased, whatever the reason, there is cause for 
concern and increasingly aggressive iron chelation 
treatment should be given. 


We are grateful to Vera Pegna who translated the 
paper, and to Rita Loi for editorial assistance. 


This work was supported by research grants from 
CNR. contract number 770062686, Regione Auto- 
noma della Sardegna and Sindacato Lavoratori 
Bancari. 
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Persistent rubella-specific IgM-antibody in the 
cerebrospinal fluid of a child with congenital rubella 
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Department of Paediatrics, Tampere Central Hospital, and Department of Virology, University of Turku, 


Finland 


SUMMARY Rubella-specific IgM-antibody was detected, using a solid-phase radioimmunoassay 
(RIA) method, in the CSF of a child with congenital rubella at ages 3 and 4 years. No rubella- 


specific IgM. was found in the CSF of 20 other children with congenital rubella, and the ratios of 


rubella-specific IgG RIA antibody titres in serum and CSF were normal. 


In infants with congenital rubella infection the 
virus excretion gradually ceases during the first year 
of life.! Persistence of the virus in the lens up to 3 
years has been described.* Furthermore, rubella 
virus antigen has been demonstrated in the thyroid 
at age 53 years in a child with congenital rubella.’ 
Clinically, there are various late onset manifestations 
in congenital rubella—such as, diabetes, hypothy- 
roidism, and growth hormone deficiency. Viral 
persistence and reactivation may have a role in these 
and also in the progressive hearing loss in children 
with congenital rubella.* 

The most remarkable iate onset manifestation 
of congenital rubella however, is a slow central 
nervous system infection resembling SSPE.5-9 These 
patients had high titres of rutella antibody both in 
serum and CSF. Therefore the presence of rubella 
antibody in the CSF may be an indicator of viral 
persistence or reactivation in the CNS. We looked 
for rubella antibody in the CSF of 21 children with 
congenital rubella, and found evidence suggesting 
prolonged infection in one. 


Patients and methods 


21 children aged 3 to 12 years with confirmed or 
suspected congenital rubella were studied. In 5 cases 
the diagnosis was made during the first year of life 
by the demonstration of either rubella-specific IgM 
antibodies or persistent total rubella haemag- 
glutination-inhibiting (HT) antibodies. In che remain- 
ing 16 children the diagnosis was first made sero- 
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logically between 1 and 4 years of age. In addition to 
demonstrable rubella HI antibodies the children 
had clinical findings consistent with congenital 
rubella, and there was a history of suspected or 
coniirmed maternal rubella in pregnancy in 17 cases. 
Each child had a hearing defect, ranging from 
slight unilateral to severe bilateral. In fact, many 
of tbe older children were detected during a survey 
for rubella antibody in congenital hearing loss.” 
Other principal symptoms and signs related to 
congenital rubella are listed in the Table. 


Solid-phase radioimmunoassay (RIA) for rubella 
antibody. The procedure has been described in 
detail.8 14 Briefly, partially purified rubella virus 
antigen was absorbed on to polystyrene balls. 
After incubation with sera or CSF specimens, the 
attached rubella-specific IgG and IgM antibodies 
were demonstrated using antihuman y-chain or 
antihuman p-chain antibody labelled with 1I. 
For the demonstration of rubella IgM antibody the 
specificity of the reaction was checked using a 
control antigen preparation made from uninfected 
Vero cells. Furthermore, the IgM-positive specimens 
were studied for the presence of rheumatoid factor 
using a RIA method.? 

Rubella HI titration was done as described 
previously. The sera were pretreated with kaolin 
and absorbed with chicken red blood cells. 

The total immunoglobulin (IgG and IgM) 
concentrations of CSF were determined nephelo- 
metrically using commercial antisera (Behringwerke). 


Results 


19 of the 21 children had demonstrable rubella HI 
antibody in the serum at the time of study (Table); 
one of the 2 seronegative children also lacked rubella 
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Table Rubella antibodies in serum and ce: ebrospinal 
fluid in 21 children with congenital rubella syndrome 








Case Mat Age at Rubella antibodies 
aymptoms* study 
(years) Serum CSF-RIA 
HI RIA IgG IgM 
i Retinopathy. 3 20 2048 32 32 
' Convulsions 4 20 4096 16 8 
2 None 3 20 1024 <4 «4 
3 Retinopathy 3 80 64000 128 < 4 
4 Hyperkinetic 4 80 8000 8 «4 
5 Retinopathy 5 10 8000 8 < 4 
6 Hyperkinetic 5 20 8000 16 <4 
7 Retinopathy 5 20 2048 32 <4 
8 Rgtinopathy 8 40 16000 < 4 
9 None 8 <10 i6 «4 «4 
10 Psychomotor 8 10 644 <4 <4 
retardation 
i} Slight paresis 8 80 8000 8 «4 
12 Retinopathy 8 40 8000 4 «4 
13 Retinopathy. 9 40 32000 32 «4 
Skeletal 
anomalies 
14 Retinopathy. 9 20 4096 16 <4 
Slight paresis 
I5 Retinopathy 9 20 4096 16 «4 
MBD 
16 None 9 «10 «16 «4 «4 
17 Psychomotor 10 320 8000 16 « 4 
retardation 
18 None 10 IO $12 <4 «4 
19 Retinopathy 10 80 32000 32 «4 
etal 
anomalies 
20 Retinopathy. il 10 40996 <4 < 4 
Microcephaly 
21 Psychomotor 12 20 8000 <4 «4 
retardation 
* All children had bearing defects 
MED -Miununal brain damage. 


RIA antibody. Both children had had rubella HI 
antibody several years earlier, at ages 2 years 8 months 
and 3 years 10 months respectively, and therefore 
had apparently lost rubella antibody. In the remaining 
19 children, the rubella HI antibody titres ranged 
from 1:10 to 1:320 and the RIA titres from 1:64 to 
1:64000. Rubella-specific IgM was not demon- 
strable by RIA in any of the sera. 

Rubella-specific IgG antibody was detected in the 
CSF of 14 children (Table). There was usually a 
good correlation between the serum and CSF 
rubella RIA antibody titres, and the CSF/serum 
ratio ranged from 1:500 to 1:2000. The total 
protein of CSF was well within normal limits in 
each case (range 0-05 to 0-68 g/l). There was no 
nephelometrically detectable IgM in any of the CSF 
specimens. 

Rubella-specific IgM antibody was found in the 
CSF in one patient (Case 1, Table). This child had 
hepatosplenomegaly at birth, but was otherwise 
without symptoms. At 6 months he had short 
episodes of convulsions. The ophthalmological 
examination at this age was described as normal, 
but at age 12 years and later, retinal pigmentation 


was detected. The hearing defect was also detected 
when he was 1$ years. There has apparently been no 
progression of the hearing loss which is moderate 
and bilateral. Tbe EEG was slightly abnormal at 
age 3 years, but there were no further neurological 
symptoms after age 6 months, and the child remains 
well and appears of normal intelligence. 

Attempts at rubella virus isolation at 3 years were 
made from CSF, from a lymph node biopsy, and 
from peripheral blood lymphocytes using RK. 13 
cells. All tests were negative. 

The test for rubella IgM antibody in the CSF, 
first found positive at 3 years, was repeated again 3 
months later and again at 4 years. In the first repeat 
the same titres of rubella-specific IgM and IgG 
antibody (each 1:32) were found as in the first CSF 
specimen. By age 4 years the CSF rubella antibody 
titres had decreased, but there was still some rubella- 
specific IgM antibody detectable by RIA (Table). 
There was no reaction with control antigen pre- 
paration, and no rheumatoid factor could be detected 
in the CSF by RIA. 


Discussion 


This study showed no indication of chronic infection 
in most children with congenital rubella. However, 
the finding of rubella-specific IgM antibody in one 
patient at ages 3 and 4 years suggests that in some 
patients with congenital rubella the virus may per- 
sist in the CNS for years and thus cause continuous 
antigenic stimulation. Nevertheless, there have been 
no signs of progressive neurological disease in the 
patient, and we were unable to isolate the virus from 
him. 

Conceivably, however, a patient with virus- 
specific IgM antibody in CSF might be a candidate 
for later reactivation of the virus and possible 
development of a late onset rubella encephalitis. 
However, our finding of rubella-specific IgM in the 
CSF is different from the patients with progressive 
rubella panencephalitis after congenital rubella at a 
Jater age. In the latter cases only IgG class rubella 
antibody was found in the CSF.19-H Therefore we 
think that our case represents the continuous 
presence of rubella antigen in the CNS rather than 
reactivation of the virus. A high titre of rubella 
antibody and a raised concentration of IgM in the 
CSF was described by Lebon and Lyon in a patient 
with noncongenital progressive rubella encep- 
halitis.:213 

If the above speculation is right a sensitive and 
specific method, such as RIA, for the demonstration 
of rubella-specific antibody in CSF might be useful 
for two reasons: follow-up of persistence of infec- 
tious process in the CNS in cases with congenital 
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rubella, and detection of possible cases of reacti- 
vation at a later age. It is not yet certain whether 
systematic screening for CSF rubella antibody in 
children with congenital rubella is recommended. 
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Treatment of hypophosphataemic vitamin D-resistant 


‘rickets with massive doses of 1 &-hydroxy-vitamin D3 
during childhood 


YOSHIKI SEINO, TSUNESUKE SHIMOTSUJI, TSUNEYASU ISHII, MAKOTO ISHIDA, 
CHIIKO IKEHARA, KANJI YAMAOKA, HYAKUJI YABUUCHI, AND SHIGEHARU z 
DOKOH 


Department of Paediatrics, Osaka University Hospital, and Department of Radiology, Kyoto University 
Hospital, Japan 


SUMMARY Plasma levels of 1,25 dihydroxy-vitamin D (1,25-(OH),-D) were low in 3 children with 
hypophosphataemic vitamin D-resistant rickets (HVDRR) during childhood, but increased after 
very large doses (0-5 to 2 pg/kg per day) of La-hydroxy-vitamin D (1 «-OH-D,). This treatment has 
two advantages. Firstly, hypercalcaemia is easily controlled by reducing the dose of 1a-OH-Ds 
because of its short half-life. Secondly, the administration of 1o-OH-D; to patients with HVDRR 


can enhance the tubular reabsorption of phosphate, and this seems desirable in treating HVDRR. 


Hypophosphataemic vitamin  D-resistant rickets 
(HVDRR) is associated with. hypophosphataemia 
with decreased tubular reabsorption of phosphate (P), 
normal plasma calcium (Ca), 25 hydroxy-vitamin D 
(25-OH-D), and 1,25 dihydroxy-vitamin D (1,25- 
(OH),D) concentrations! HVDRR is commonly 
treated with large oral phosphorus supplements and 
pharmacological doses of vitamin D, but treatment 
. remains unsatisfactory. A recent paper showed that 
la-hydroxy-vitamin D (1a-OH-D,) was effective in 
patients with HVDRR.* The present study was 
designed to assess the plasma 1,25-(OH)-,D con- 
centrations before and after the treatment with 
1a-OH-D, and the clinical responses to treatment 
with 1a-OH-D, in patients with HVDRR. 
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Table 1 Clinical details of patients with HV DRR 


Case Sex Age (years) Height (cm) Weight (kg) 
{ Male 1 81-5 1i 

2 Male 13 135 4 30 

3 Female 1 79 9 10 4 


Materials and methods 


Three patients who had shown the characteristic 
clinical and biochemical features of HVDRR. were 
studied. Their ages, physical findings, and clinical 
features are listed in Table 1. Each patient was a 
sporadic case. The plasma levels of 1,25-(OH),-D 
were measured by the competitive protein-binding 
assay which has been reported.^* 10 normal 
children (4 boys and 6 girls), aged between 2 and 
15 years, were studied as controls. All plasma samples 
were obtained early in the morning after overnight 
fasting during the autumn. Tubular reabsorption of 
phosphate was estimated by the 24-hour clearance 
rate and the renal threshold phosphate concentration 
(TmP/GFR) was measured according to the method 
of Bijvoet.’ 


Results 


Plasma 1,25{OH),-D concentration. The mean 
plasma level of 1,25-(OH),D in controls was 
72 + 17-9 (means + SD) pg/ml. In Case 1 this 
increased from 11:2 to 96:0 pg/ml 3 months after 


Radiographical diagnosis 


Moderate bowing of extremities: severe epiphyseal disease 
Severe bowing of extremities: moderate epiphyseal disease 
Moderate bowing of extremities, severe epiphyseal disease 
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daily administration of 24 ug of 1a-OH-D,. In 
Case 2 it increased from 16-8 to 60-0 pg/ml 2 months 
after daily administration of 16 ug of 1 x-OH-D,. In 
Case 3 it increased from 22:5 to 80-4 pg/ml 2 months 
after daily administration of 5 ug of 1a-OH-D,. 


Untreated. Each patient had hypophosphataemia, 
decreased tubular reabsorption of phosphate, and 
TmP/GFR. as shown in Table 2. Their plasma levels 
of 25-OH-D and serum Ca were normal. Their 
plasma levels of paratkyroid hormone (PTH) were 
below 250 pg/ml, but still considered normal. The 
levels of plasma alkaline phosphatase were raised to 
79-8 KA units (normal, 3-20 KA units) in Case 1, 


«250 . ; «250 PTH (pg/ml) 
112 ; 96 0 125- (CH)2-D (pg/m) 
50-0 . 22-2 ..25- O3-D (ng/ml) 


t 
Serum alkaline phosphatase 
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KA unts 


Serum calcium 


(mq (100 ml) 
CD 15 


hS to DE 


400 


300 
240 | 





i 
400 Urinary phosphate excretion 


"DcC3C3 





Rachitie change " 


188 + 236 mg/2th | 


700 mU/ml (normal, 25-85 mU/ml) ın Case 2, and 
64 KA units in Case 3. 
Treated. 


Case 1 

Oral administration of 1la-OH-D, began in 
September 1976 and doses were gradually increased 
from 2 to 24 ug (2-0 ug/kg), as shown in Fig. 1. 
Radiclogical examination in December showed a 
moderate improvement in bone. There was a rise in 
serum P and an increase in TmP/GFR (Table 2). 
Meanwhile, alkaline phosphatase levels had 
decreased to 48 KA units, In July 1977 slighthyper- 
calcazmia developed but this was easily controlled 
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Fig. 1 Metabolic observations in Case ! during the administration of 1 «-OH-Ds. 
Conversion: traditional units to SI—Ca: 1 mg/100ml œ 0-25 mmol/l, P: 1 mg /100 mle 0-32 mmol/l. 
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Fig. 2 Metabolic 
observations in Case Z 
during the administration 
of Ia-OH-Ds. 
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by reducing the daily dose of 1«-OH-D, to 12 pg 
(1-0 ug/kg) (Fig. 1). 


Case 2 

Oral administration of 1«-OH-D, began in August 
1976 and doses were gradually increased from 4 to 
16 ug (0:5 ug/kg), as shown in Fig. 2. Radiological 
examination in August showed a complete healing of 
bone. There was neither a rise in serum P nor an 
increase in TmP/GFR (Table 2). Alkaline phos- 
phatase levels decreased to 322 mU/ml. 


Case 3 

Oral daily administration of 5 ug (0-5 ug/kg) began 
in January 1978, as shown in Fig. 3. Radiological 
examination on June 1978 showed complete healing 
of bone. There were pronounced increases in serum 
P and TmP/GFR (Table 2). Alkaline phosphatase 
levels decreased to 36 K A units 


Discussion 


The plasma 25-OH-D levels in 2 of these patients 
were rather high before treatment, but none of them 
had had previous treatment with vitamin D. It is 
suggested that the relatively high levels of 25-OH-D 
were due to a diet, rich in vitamin D. The plasma 
level of 1,25-(OH),-D was significantly higher in 
normal children than in adults, but was low in the 3 
children. Their plasma levels remained relatively low 
even after administration of massive doses of 
1x-OH-D,. Our results in children conflict with 
those for adults. However, these findings do not 
suggest an impaired conversion of 25-OH-D to 
1,25-(OH),-D in patients with HVDRR, because 
massive doses of 1a-OH-D, were required to induce 
a therapeutic response in patients with HVDRR. 
Peacock ef al.” also suggested that the plasma 
concentrations of 1,25-(OH),-D during treatment of 


52 Seino, Shimotsuji, Iskii, Ishida, Ikehara, Yamaoka, Yabuuchi, and Dokoh 


Table 2 Summary of the response to treatment with 1a-OH-Ds (nears + SD) 





Case 1 (boy, 1 year) 
Before treatment 


3 months after 
Q4 ug/day) 
Case 2 (boy, 13 years) 
Before treatment 
2 months after 
(16 g/day) 
Case 3 (girl, 1 year) 
Before treatment 
5 months after 
(5 ng/day) 
Normal range 


Serum values 24-h urine calcium and 
phosphate excretion 
PIA 25-OH-D I 25-(OH),- D Calcium Phosphate | Calcium Phosphate TRP TmP|GFR . 
(pg/ml) (ag/mt) (pg/ml) (ng]iOCmI) (mgii00mi) (mgiday)  (mgíday) CA Qng] 100m!) 
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«250 22.2 96-0 9.3 3.0 41-4 146 4 83.8 2.5 
+03 + 06-2 + 15°9 +87-8 x75 + 0-2 
(n a7) (n=7) (n=15) (n= 15) (n= 15) (n4) 
«250 42 0 16 8 10 0 24 40 0 410 80 0 19 
+02 +0 3 +2 8 —177 +1 7 490 2 
(n= 6) (n = 6) (n=6) (n=6) (n=4) (n™4) 
<250 9.2 60 0 9.5 2-5 58-3 560 84-0 2-0 
+02 401 4-3 3 + 273 45-8 + 0-3 
(n= 5) (15) (n=4) (n4) (n4) (n4) 
«250 19.4 22-5 10 2 2-3 40-0 210 2 58 8 14 
+ 0-4 +04 +12-5 +62.6 +14 3 + 0-6 
(n—5) (1.5) (n—6) (n=6) {n= 6) (n»4) 
< 250 17.2 80 4 IO 8 2-8 48-2 138 5 80 4 2:3 
+ 0-4 +03 +-21 9 +55 2 45.8 + 0-3 
= 5) (r5) (n6) (n=6) (n= 5) (n= 4) 
« 550 19-543-7* 72417-9 4.97 
+0 61t 





*Means + SE!2, tseo references 13, 
PTH, parathyroid hormone; 25-OH-D, 25 hydroxy-vitamin D; 1,254OH),-D, 1,25 dthydroxy-vitamin D; TRP, tubular reabsorption of phosphate 


TmP/GFR, renal threshold phosphate concentration. 
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Fig. 3 Metabolic observations in Case 3 during 
the administration of Ia-OB-Ds. 


patients with HVDRR were much lower than those 
achieved by patients with renal failure on 1-2 ug of 
1a-OH-D,. The results of the present study suggest 
that the metabolism of 1,25-(OH),-D is accelerated 
in patients with HVDRR. However, the cause still 
remains unknown. The relatively low level of 
1,25{OH),-D, even after administration of a 
massive dose of 1«-OH-D,, indicates that very large 
doses are necessary in children with HVDRR. 
1a-OH-D, has been regarded as a valuable substitute 
for 1,2520H),-D.? Our data indicate that the 
administration of massive doses of 1a-OH-D, to 
patients with HVDRR can enhance the tubular 
reabsorption of phosphate. As the plasma PTH 
concentrations were not raised before treatment in 
these patients, this action on renal tubular reabsorp- 
tion of phosphate seemed to be a direct result of 
1«-OH-D, which was rapidly converted to 1,25- 
(OH),-D before exerting its biological effect on 
target tissues.!° The treatment with 1a-OH-D, had 
two good results. Firstly, the pharmacological doses 
cf vitamin D required for bone healing are close to 
toxic levels and there is always the risk of hyper- 
calcaemia. However, when patients with HVDRR 
were given 1x-OH-D,, hypercalcaemia was easily 
controlled by reducing the dose of 1 à- OH-D, because 
it has a short half-life (3:4 + 0-4 days). Secondly, 
as we have shown, the administration of 1«-OH-D, 
to patients with HVDRR can enhance the tubular 
reabsorption of phosphate, and this has a great 
advantage compared with the vitamin D compound. 
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Our study suggests that, initially, doses of 0-5-1-0 
ug/ke per day of 1«-OH-D, are needed to demon- 
strate radiological and biochemical healing in 
patients with HVDRR, with subsequent adjustment 
according to individual requirement. 


We thank the Chugai Pharmaceutical Company 
(Japan) for some of the | «-OH-D, used in this study, 
and Dr Fukase of the Kobe Medical School for PTH 
assays. 
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Personal practice 


Outpatient paediatric cardiological investigation 


An alternative approach 


GORDON J WILLIAMS 


Department of Paediatric Cardiology, Yorkshire Regional Cardiothoracic Centre, Killingbeck Hospital, 


Leeds 


SUMMARY The use of current technology has allowed an elternative approach for the investigation 
of children with cardiac disease. À purpose-built unit is described. 


Detailed investigation of infants and children with 
congenital heart disease is traditionally by inpatient 
admission for invasive study by cardiac catheterisa- 
tion. This is both expensive for the NHS and 
traumatic for the patient and parents. In 1976 we 
wondered whether sufficient knowledge of cardiac 
anatomy, pathology, and functional disturbance 
could be obtained in many of our patients by 
purely outpatient investigation, using new diagnostic 
techniques. We were fortunate in having the support 
of the Variety Club of Great Britain to develop this 
concept. With their help and enthusiasm a purpose 
built outpatient investigation unit for paediatric 
cardiology was constructed. The unit (Fig. 1) was 
opened on 27 July 1977 and this paper gives the 
reasons for its development and our experience 
during the initial 18 months of operation. 


Yndications for considering a new approach 


Changing work load. The work of paeciatric cardio- 
logists is changing, largely as a result of clinical 
experience and improved surgical techniques. In 
addition, a greater general awareness of congenital 
heart disease has resulted in more newborn irfants 
and young asymptomatic children being referred for 
cardiological assessment. Investigation is generally 
conducted so that the child can have corrective 
surgery (when this is necessary) before he starts 
school. Nowadays much of the work concerns the 
long-term follow-up after cardiac surgery, 


Department of Paediatric Cardiolozy, Killingbeck Hospital 
GORDON J WILLIAMS, consultant paediatric cardiologist 


particularly of children with prosthetic valves and 
graft material. 


New techniques. The most important advances in 
noninvasive techniques have been echocardiography 
and other forms of ultrasound, and ambulatory 
electrocardiographic monitoring. The development 
of very small soft polyethylene balloon-tipped 
catheters of the type described by Swan et a/.+ has 
made the previously quite complicated technique of 
direct recording of intracardiac data a relatively 
simple technique. 


Problems associated with invasive cardiac investiga- 
tions. 

Experse 

In our practice paediatric cardiac catheterisation 
requires a 4&-hour hospital admission. Added to 
this, the expense of the procedure itself, with the 
staff and equipment, amounts to approximately 
£300 for a typical study. 


Mortality [morbidity 
Catheterisation techniques have improved but there 
is still an inevitable morbidity and, to a small 
degree, a mortality.’ 


In view of these developments one must ask 
whether all the previously accepted indications for 
inpatient cardiac investigations are now necessary, 
and if not, what is a suitable alternative. For these 
reasons our outpatient investigation unit was 
developed. 
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Requirements and design of outpatients investigation 
unit 


In an attempt to gain children's confidence the 
building was designed in a most unusual style, not 
at all reminiscent of a hospital (Fig. 1). Briefly, 
there is a large central area shared by secretarial staff 
and the patients. Numerous toys and a colour 
television set are available for patients, and there is a 
nearby 'open' kitchen for waiting parents to help 
themselves to refreshments. While not every child 
requires all the available investigations, the design 
1s such that those who do, progress in a clockwise 
direction from one laboratory to another. The 
sequence is an examination/consultation room, 
followed by the echocardiography laboratory, 
then to phonocardiography, exercise testing, electro- 
cardiography/vectorcardiography and 24-hour am- 
bulatory monitoring analysis, and finally, to 
semi-invasive studies (dye dilution curves and right 
heart pressure studies). The unit has its own photo- 
graphic processing Jaboratory and a reporting room 
in which the computer is kept with its accessories for 
data analysis. 


Techniques of investigation 


Echocardiography. 'This ultrasound technique is 
available in two forms. 


Single crystal or M-mode 

Echocardiography, where a hand-held transducer is 
positioned on the anterior chest wall (usually in the 
4th left rib space initially) and ‘angled’ in order to 
locate intracardiac structures. In view of the diversity 
of cardiac positions, several transducer locations on 
the chest are tried until satisfactory recordings are 
obtained. There is an in-built scale for ‘depth’ of 
structures, and with a known speed of recording, 
data on both the vertical and horizontal axes can be 
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Fig. 1 The purpose built 
outpatient cardiac investigation 
unit. 
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calculated. The technique provides a permanent 
quantifiable record of intracardiac chamber dimen- 
sions, wall thicknesses, and rates of valve movements. 


Real time echocardiography 

A system which produces a moving picture, recording 
events as they happen is said to be 'real time'. In 
echocardiography this can be accomplished by 
having several crystals close together forming a large 
multi-crystal transducer, the repetitive discharging 
and recording of each component adding together to 
‘build up’ an image of the heart. An alternative 
method 1s for one transducer crystal to be rotated 
rapidly through an arc, or sector, over the heart 
thereby building up by repetitive scans a moving 
cardiac image. In either system, the data are 
visualised on a screen and recorded on video tape for 
storage and re-evaluation. 

Either M-mode or real time echocardiography can 
be complemented by using the ‘contrast echo 
technique’. The contrast 1s not the type used in 
radiology but is an intravenous bolus of any physio- 
logical solution. Microscopic bubbles are present in 
solutions—for example normal saline or dextrose— 
because deaerated water is difficult to obtain. 
Generally, these bubbles cause no problems because 
they are efficiently filtered out by the lungs when 
injected intravenously and do not enter the left side 
of the heart. The bubbles in such a bolus produce a 
*shower of echoes' as the solution passes through the 
right heart (only entering the left atrium or ventricle 
if there is an intracardiac septal defect). The technique 
aids the clarification of valves, cardiac chambers, and 
blood flow patterns within the heart. 


Doppler ultrasound. This is another variation of 
ultrasound, where a continuous emission of high 
frequency sound waves pass from a small hand-held 
probe which is located over a superficial artery or 
vein. The sound waves pass through the vessel wall 
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and other static structures and are reflected at the 
original frequency back to the transducer, but moving 
structures—for example red blood cells—alter the 
frequency of reflected sound waves. The degree of 
frequency change is proportional to the velocity of 
the moving particles, the frequency shift being the 
‘doppler signal’. This principle is used in general 
paediatrics for detecting blood flow for blood pressure 
recording purposes, but in cardiology the technique 
can record blood flow petterns in the neck veins or 
arteries. The traces are recorded simultaneously with 
the phonocardiogram. In addition to giving improved 
pulse recordings, some measurable and diagnostic 
uses have been described? and there will almost 
certainly be more applica-ions. 


Phonocardiography. Despite being one of the older 
noninvasive cardiac investigations, this technique 
still has considerable application noz only for 
recording heart sounds, added sounds, and murmurs 
but for recording their relationship in time to other 
events in the cardiac cycle. Other simultaneously 
recorded parameters inclide respiration, arterial and 
venous pulsations, and the cardiac apex pulsation 
(apexcardiogram). 

Clinical correlations from phonocardiography and 
its allied techniques are useful in certain instances— 
for example, for estimating the approximate pul- 
monary arterial systolic pressure,* confirming the 
movement of the seccnd sounds, and for confirming 
the presence and timing of ‘clicks’ and ‘snaps’. With 
progressively more simultaneous recordings to add 
to the phonocardiogram (such as echocardiograms) 
it continues to be an :nteresting clinical aid and 
research technique. 


Vectorcardlography. The principles of this 3-dimen- 
sional electrocardiographic technique are well 
established. In many instances sufficient electro- 
cardiographic data can be obtained from the 
standard ECG but if doubt or confusion exists the 
vector cardiogram is often helpful There are 
techniques for quantitation of degrees of cardiac 
hypertrophy, valve gradients, and the magnitude of 
intracardiac shunts from the vectorcardiogram alone, 
but we consider the results of this technique in 
conjunction with other parameters (for example, 
echoes). 


Dye dilution curves. The measurement of an intra- 
cardiac shunt, or confirmation of its absence, is 
often required in paediatric cardiology. We do dye 
dilution curves using an ear oximeter (which is a 
photoelectric cell clipped on to an ear lobe) connected 
to a ‘densitometer’ and recorder (Fig. 2). The dye 
(indocyanine green) is injected intravenously via a 
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Fig.2 Two dye curyes obtained by injecting 
indocyanine green (5 mg/ml) intravenously, sampling 
with an ear oximeter in a child of 4 years with a 
secunaum atrial septal defect. 


percutaneous needle puncture at the antecubital 
fossa. With reassurance and in the presence of a 
parent this can generally be accomplished without 
too much upset, which, in turn, allows more accurate 
measurement. 


Right heart pressure studies. Through the small 
cannula already inserted for dye curves (described 
above) a soft polythelene catheter with an inflatable 
balloon at its tip is inserted. When advanced 
sufficiently for the balloon to be in the region of the 
superior vena cava the balloon is inflated, which has 
the effect of drawing the catheter along with the 
‘tide’ of blood flow to the right atrium, through to 
the right ventricle and usually on to the pulmonary 
artery. The catheter is connected via a pressure 
transducer to an oscilloscope and hard copy recorder  * 
so that the changing wave formats indicate the f 
position of the catheter tip (Fig. 3). The technique is 
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Fig.3 Directly recorded intracardiac pressure 

recoi ding from a balloon-tipped catheter advanced 
percutaneously without radiological control in a child 
of 3 years with pulmonary valve stenosis. Note the 
initiclly normal pulmonary arterial trace followed by a 
moderately raised right ventricular trace as the catheter 
is withdrawn from pulmonary artery to right atrium. 
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screening and is thus eminently suited to an out- 
patient service. 

We find the percutaneous technique for these 
studies is a practical procedure in children who are 
more than 15 kg. 


Ambulatory ECG monitoring. The development of 
this technique has revolutionised the investigation 
and management of children with, or suspected of 
having, cardiac arrhythmias. Instead of hospital 
admission and bedside monitoring with its enforced 
bed rest, the child can now be at home or at school 
following all normal activities yet with the ECG 
being constantly recorded. The equipment has a small 
cassette tape (of the type used for domestic music 
recording) and a miniature tape recorder. The ECG 
signal 1s derived from two chest electrodes, the 
recorder being supported by a shoulder strap and 
carrying case. The device is small enough to be 
worn for long periods (several days) by children of all 
ages. Each tape (one side only) records continuously 
for 24 hours. On return to the unit the tape is 
replayed in an analysing unit at 60 times recording 
speed—that is it takes approximately 45 minutes to 
analyse one 24-hour recording, including printing 
out ECG strips of interesting portions of the tape. 
The recorder also incorporates aY24-hour clock, 
enabling precise timing of the occurrence of abnor- 
malities which can therefore be correlated with any 
symptoms. 


Clinical applications of outpatient investigation 


Paediatric cardiological problems can be divided 
into the following: 


Uncomplicated defects. These are the more common 
conditions such as pulmonary stenosis, atrial or 
ventricular septal defect, or mitral prolapse (Fig. 4). 
In the past, if any of these lesions was thought to be 
significant the patients would have been admitted for 
cardiac catheterisation. Now they first attend for 
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Fig. 4 Two M-mode echocardiograph traces of the 
mitral valve area. On the left, the valve is normal, on 
the right, the arrows indicate systolic prolapse, 
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outpatient investigation and only children in whom 
results suggest that angiography would be of value 
are subsequently admitted for conventional cardiac 
catheterisation. While the investigations performed 
depend on the clinical problems, most children in this 
group are studied by phono- and echocardiography, 
vectorcardiography, dye curves, and right heart 
pressure studies. These outpatient investigations 
combine to clarify the situation so that many patients 
can be referred directly to surgery without further 
study, or alternatively reassured that surgery is naj 
required. An example is shown (Fig. 5) of a child with 
slight pulmonary stenosis and no complicating 
septal defect indicating that surgery is unnecessary. 


Complicated defects. Complex derangements of 
cardiac anatomy have to be clarified by angiography, 
but a surprisingly accurate assessment can be made 
by echocardiography. Real time echocardiography 
is of particular benefit in this group, so we generally 
start investigations with this technique, progressing 
to the M-mode echocardiograph and later, if 
necessary, to contrast echocardiography before 
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Fig. 5 A normal dye curve with the directly recorded 
pressures added demonstrating a systolic pressure 
gradient of 14 mmHg between right ventricle (RV) 

and pulmonary artery (PA), confirming the diagnosis o, 
pulmonary stenosis but indicating no intervention required 
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proceeding with cardiac catheterisation. Echo- 
cardiography helps considerably to shorten the 
duration of cardiac catheterisation, principally by 
suggesting the choice and projection of angiography. 
The echocardiogram often additionally helps as an 
adjunct to angiography in clarifying details of the 
ventricular septum and of the atrioventricular valves. 

In this group are also included all types of left 
ventricular outflow tract cbstructions. The severity 
of obstruction is difficult to assess without cardiac 
ecatheterisation. However the combination of several 
noninvasive parameters, principally the electro- and 
vector-cardiograms and M-mode echocardiogram 
with the apex cardiogram, indicate the approximate 
category—slight, moderezte, or severe left ventricular 
obstruction. More definite quantitation still requires 
invasive study, particularly when assessing not only 
the resting haemodynamics, but the response to 
exercise (which is important when planning the 
timing of surgical intervention), but the timing of the 
invasive study can be optimally arranged oy prior 
outpatient studies. 

Whether the defect is of complex anatomy or 
left-sided obstruction, once the problem has been 
clarified by catheterisation and angiography, the 
progression of the disease can be followed by 
repeated outpatient noninvasive assessment, and 
further invasive studies before surgery avoided unless 
there is some unexpected development. 


Neonates. 


Babies with obvious congenital heart disease 

These are all investigated initially by echocardio- 
graphy as inpatients, avoiding subjection to invasive 
investigation 1f an adequate diagnosis can be made 
(for example, hypoplastic lef: heart). In others, the 
probable diagnosis can be established by the 
echo—for example total anomalous pulmonary 
venous drainage, single ventricle, truncus, etc.— 
although invasive study may still be required, either 
because it is essential to confirm the anatomy or, 
as in the usual type of transposition of the great 
vessels, to perform a balloon atrial septostomy. 


Ill babies 

Any baby in whom the paediatrician is anxious to ex- 
clude heart disease is usually studied in the outpatient 
investigation unit and, if heart disease is excluded, 
the baby is directly returned without admission. 


Postoperative. One of the most interesting aspects in 
the management of congenital heart disease is the 
follow-up after surgery. The long-term functicn of 
the myocardium, of prosthetic valves, conduits, and 
arrhythmic problems will not be fully appreciated for 


many years. À continuous follow-up programme 1s 
necessary and here the outpatient investigation 
service is very important. As repeated invasive cath- 
eterisation studies are unacceptable to the patient and 
the physician, a follow-up based on regular non- 
or semi-invasive techniques is ideal Changes in 
cardiac wall thickness or chamber size, with signifi- 
cant changes 1n ventricular or valve function can be 
appreciated by echocardiography. Flow-guided 
catheters readily check on postoperative pulmonary 
arterial and right ventricular pressures, with residual 
shunts being excluded or quantitated by dye curves. 


Ambulatory monitoring. Symptoms—for example of 
syncope, or episodes of pallor or quietness—may be 
related to an intermittently abnormal cardiac 
rhythm. Wearing a tape recorder at the time of 
symptoms can easily establish the diagnosis. If 
however the child does not have typical symptoms 
during the time the tape is applied, changes may be 
seen which suggest an underlying cardiac reason for 
the symptoms. Of equal importance in children with 
symptoms, particularly of syncope, is the documenta- 
tion of a normal cardiac rhythm throughout the 
period of symptoms, thereby excluding cardiac 
disease as the cause. It can be seen that it is very 
important to correlate changes on the tape with the 
occurrence of symptoms. To establish or refute a 
cardiac rhythm problem it is occasionally necessary 
to continue taping for several days, but generally 
sufficient information is available after three 
consecutive 24-hour tapes. 

There is still uncertainty about the range of heart 
rates and transient rhythm variations which occur 
in normal children. This information is clearly 
required for correct interpretation, and therefore a 
study of ECG tape recordings in normal school- 
children is now well advanced as one of the research 
activities of this unit. Rhythm disturbances may, of 
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Fig. 6 An extract from a 24-hour ambulatory ECG 
tape recording in an 11-year-old girl with a history of 
syncopal episodes. Asystole occurred after the 4th 
QRS complex and was accompanied by loss of 
consciousness, with spontaneous recovery. 
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course, be naturally occurring or they can be 
induced by cardiac surgery, thus the monitoring of 
postoperative asymptomatic children is necessary and 
continues as another research project. 

The drug treatment of symptomatic arrhythmias 
is often on an empirical basis as far as dosage and 
drug combination is concerned. Serum drug levels if 
available, are difficult to interpret, but of practical 
value is the ability to assess the efficiency of treat- 
ment throughout 24 hours by ambulatory 24-hour 
tapes. 

Similarly, pacemakers in children can be difficult 
to assess in that often, when reviewed, the child's 
spontaneous heart rate 1s such that the pacemaker is 
inhibited. Although most pacemakers can be made 
to function temporarily in the fixed rate mode for the 
purposes of generator evaluation, it is not a satis- 
factory assessment of its natural function as a demand 
pacemaker. Rather than slowing the heart rate 
pharmacologically thereby permitting the pacemaker 
to function, a 24-hour tape can be used. This is 
because at some stage during a 24-hour period 
(usually at night) the heart rate will slow sufficiently 
for the pacemaker to be required. Clearly this is not 
necessary in the absence of symptoms, but can 
occasionally be applied to clarify normal or abnormal 
pacemaker function. 


Exercise testing. Children with a history of a syncopal 
episode related to physical activity have this investi- 
gation in addition to 24-hour ambulatory monitoring. 


Operational organisation 
. There is a daily appointment system and investiga- 
tions are conducted by medical or technical staff 
working within the unit. 


Patients attend in the following ways. New patients to 
the hospital attending for their first outpatient clinic 
visit have the usual standard ECG, chest x-ray, and 
M-mode echocardiogram. When seen for clinical 
assessment the attending paediatric cardiologist has 
the results of these. If further investigations are 
required, an appointment is made for a specific 
outpatient attendance at the unit. 

When attending specifically for investigations 
(which altogether take about one hour) one parent 
is usually present. Children are not given any 
premedication or sedative and can return home or to 
school immediately after the investigation. 

The investigation unit is linked to the main hospital 
so that inpatients are studied within the unit, and 
only occasionally is equipment transported within 
the hospital (the exception being to the intensive care 
unit). 
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The echocardiograms are analysed by a digitising 
device linked to a computer. Data and parameters 
are calculated and printed out with a complete 
record of all data being stored by the computer. 

When all the investigations (dye curves, pressures, 
echoes etc.) have been analysed and reported for each 
patient a report summary, with a conclusion, 1s 
printed and forwarded to the referring paediatrician ` 
and general practitioner. 


Future trends 


The system has the major advantages of: minimal 
domestic disturbance to parents; minimal distress to 
the patient; general efficiency of investigation (for 
the medical staff); and financial saving for the NHS. 

As a Clinical service it will expand, particularly as 
technical developments give even greater accuracy of 
diagnosis by noninvasive means. There are other 
techniques currently available but their value has 
yet to be clarified, particularly within paediatric 
cardiology. I refer to the pulsed depth-gated doppler, 
impedance cardiograph, and the improved resolution 
now avauable in nuclear medicine technology. The 
resolution of ultrasound continues to improve 
resulting in more widespread applicatron—for 
example, echocardiography is already helping to 
identify the areas of myocardium responsible for 
ectopic rhythm activity. Computer data analysis, 
particularly by integrating several noninvasive 
signals, will help the noninvasive predictions of 
cardiac overload to improve so that the flow-guided 
studies may then be avoided. 

While computerised axial tomography (body 
scanning) is not yet being used in cardiology, 
refinements enabling sufficiently rapid filming will 
probably overcome the present difficulties so that we 
can look forward to this technique helping with 
details of intracardiac anatomy. 

All these developing techniques will be used in out- 
patients departments and there is an exciting future 
for an outpatient paediatric cardiology investigation 
service Clearly there will also remain for many years 
a requirement for cardiac catheterisation and angic- 
graphy to clarify the anatomy in some complex 
defects (for example, for unusual types of pulmonary 
blood supply or coronary artery distribution). 


I thank the Variety Club of Great Britain for the gift 
of this unit, Dr O Scott for her support in its 
establishment, and Miss J Artle for secretarial 
assistance. 
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Poliomyelitis-like illness associated with asthma 


H K:SON BLOMQUIST AND B BJÓRKSTÉN 


Departments of Paediatrics and Virology, University of Umeå, Sweden 


SUMMARY A 10-year-old girl with a combination of 
paralytic disease, resembling poliomyelitis, and 
asthma is described. The girl developed neurological 
symptoms 5 days after a severe attack of asthma. No 
aetiology to the flaccid paralysis could be demon- 
strated although Coxsackie B5 virus was isolated 
from a stool. A similar poliomyelitis-like illness 
associated with asthma has previously been reported 
in 13 cases from Australia and the UK. 


Poliomyelitis, even of sporadic distribution, has 
become rare in Europe. However, patients with a 
paralytic illness resembling poliomyelitis but not due 
to poliovirus are occasionally seen. Types of 
enteroviruses other than poliovirus, including 
Coxsackie virus types A7! and B5,? have been 
isolated from some of these patients. Hopkins? 
described 10 patients from Australia with an unusual 
combination of a poliomyelitis-like illness and acute 
asthma. Adenovirus type 9 and echovirus 18 were 
isolated in 2 of them. Later, 3 more patients with a 
combination of flaccid paralysis and asthma were 


X described from England. 4” 


à 


We describe the clinical features of a case of 
poliomyelitis-like illness and asthma in a Swedish 
child, and from whom Coxsackie virus type B5 was 
isolated. 


Case report 


A girl born 1964. She had an elder brother and sister 
who had had asthma since childhood. There was no 
neurological disease in the family. The girl had been 
delivered normally at term, and had remained well 
until the onset of asthma at age 4% years. The 
following immunisations were administered without 
complications: BCG at 5 days, smallpox vaccine at 6 


x weeks, a course of 3 injections for diphtheria, tetanus, 


and pertussis at 3, 4, and 6 months, and poliomyelitis 
(Salk vaccine) subcutaneously at 9, 10, and 18 
months, with a booster dose at 8 years. 

From age 5 she had coughed and wheezed several 
times each month and had suffered attacks of acute 
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bronchospasm as often as every 3 months. Per- 
cutaneous and intradermal tests followed by 
bronchial provocation tests gave positive reactions 
only to moulds. Since 1971 she had been treated with 
hyposensitisation with Allpyral for 3 years in addition 
to conventional asthma therapy—such as salbutamol, 
ephedrine, and aminophylline orally. During this 
time her symptoms improved and she had been 
admitted only once for acute asthma and then 
recovered rapidly. 

In September 1974 she was admitted for acute 
asthma of 12 hours' duration. Five days earlier she 
had received 500 PNU mould extract subcutaneously 
from the same batch as previously. The dose was 
similar to that she had received at monthly intervals 
for 3 years. She was given her usual asthma treatment 
but her condition deteriorated. Chest x-ray showed 
right-sided pneumonia. 10 hours after admission she 
was very tired, Pco, was raised to 7:5 kPa (56 
mmHg) and she was intubated and put on a 
respirator. Her condition then gradually improved 
and 10 hours later she was extubated. 

During the first 4 days in hospital she was treated 
with humified oxygen, glucose infusions, and the 
following drugs: epinephrine, salbutamol, hydro- 
cortisone, glyceryl guaiacolate, phenoxymethyl- 
penicillin, diapezam, and succinylcholine chloride in 
recommended doses. 

Five days after admission she complained of pain 
and weakness in her arms and legs. The pain was at 
no time severe and it disappeared without treatment 
in a few days. However, she continued to have a 
feeling of weakness ın the left leg and the day after 
onset of pain she developed a flaccid paralysis of that 
leg. Some weakness in the knee and ankle jerks in the 
right leg were also discernible, but these disappeared 
after one day. 

The tentative diagnosis was polyradiculoneuro- 
pathy, Guillain-Barré type, and she was given 
cortisone orally for one month. There was only slight 
clinical improvement during the first weeks of 
treatment and now, 5 years later, she still has a 
pronounced flaccid paralysis and muscular atrophy 
of the left leg, with 1-5 cm shortening. 
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Laboratory investigations 


The following laboratory studies were done within 5 
days of admission and gave normal results: Hb, white 
blood cell and differential counts, ESR, serum 
IgE, renal concentration capacity, and urinary 
sediment. 

Lumbar punctures were done 5 and 12 days after 
admission, the CSF showing 2 and 10 x 105/I 
polymorphs, and 59 x 108/1 lymphocytes and none 
erespectively. Protein was 0-3 and 0-57 g/1(30 and 57 
mg/100 ml) and electrcphoresis of CSF showed 
markedly raised «, and y-globulin fractions. 

serum samples were obtained 10 and 14 days after 
admission and tested for presence oi cold agglutinins 
and complement-fixing antibodies against influenza 
A and B and Mycoplasma pneumoniae. There was no 
rise in titre between the two samples. Coxsackie 
virus type B5 was isolated from a stool specimen. No 
virus was isolated from the CSF. 

Ten days after the initial motor symptoms from 
the left leg the motor conduction velocity (mcv) of 
the left peroneal nerve was reduced to 39 m/second 
whereas a normal value (51 m/second) was found in 
the right leg. EMG was not performed at that time. 
Four months later the EMG showed a total denerva- 
tion of extensor digitorum brevis, tibialis anterior, 
gastrocnemius, and quadriceps on the left side—that 
is increased insertion activity, a moderate number of 
denervation potentials, and a total absence of motor 
units at both least and greatest efforts to activate the 
muscles. The mcvs were not significantly changed 
(36 and 51 m/second respectively). The sensory con- 
duction velocity in nervus suralis at that time was 30 
m/second on the left side and 36 m/second on the 
right. The patient refused examination with needle 
electrode in the right leg. 


Discussion 


The clinical and laboratory findings indicate injury 
to anterior horn cells and to the peripheral neurone. 
On admission the patient was moderately hypoxic, 
however, at no time was she unconscious and the 
neurological symptoms did not suggest anoxic 
injury. 

The presence of flaccid asymmetric paralysis 
suggested poliomyelitis. The girl had been fully 
immunised against all 3 polio serotypes and at the 
time of onset of symptoms there had been no 
paralytic case of polio in Sweden for many years. 

The symptoms were similar to those previously 
reported in 13 patients with a combination of 
poliomyelitis-like illness and asthma (Table). Typical 
features of these children’s illnesses included neuro- 
logical symptoms in previously polioimmunised 


Table Poliomyelitis-like illness after acute asthma: 
summary of reported cases 





Reported cases Present case 
(nm = 13) : 


Sex M/F 8/5 F 
Age at onset (years) 2~8 10 
Previous immunisation against 
polio 13/13 + 
Days betwean onset o? wheezing 
and paralysis 4—11 5 
Meningsmus 3/13 ~ 
Muscle pain 9/13 + 
Neurolcgical findings in acute phase Paresis in arm Paresis in leg 
or leg 
CSF . 
Polymorphs (x 105/T) 0-75 2 
Lymphccytes (x 106/1) 7-495 59 
Protein (g/l) 0.16-0 55 ^ 0-30 
Reduced motor conduction velocity 2/3 + 
Denervation signs in electro- 
myography 2/2 + 
Residual weakness 13/13 + 
Virus isolated in faecal specimen Adeno 9 (1) Coxsackie B5 
Echo 18 (1) 


children 4 to 11 days after an acute attack of asthma. 
In 2 of the patients electromyography and nerve con- 
duction velocity were recorded,* and these were 
consistent with anterior horn cell or axonal damage. 
The children had been treated with various drugs, they 
showed no meningismus, and they complained of 
muscular pain with rapid onset of a persistent flaccid 
paralysis in an arm or leg. The unusual combination 
of symptoms and the similar clinical findings argue 
against & chance association between asthma and 
paralysis in these children. 

Toxic reaction to one of the drugs is possible but 
unlikely. The doses given were all within recom- 
mended limits and adverse reactions of this kind 
have not been reported. Each of the 14 children 
received a different treatment. 

Viral infection has been suggested although not 
proved. In our patient Coxsackie B5 virus was 
isolated from a stool specimen, but this did not 
prove the virus to be aetiologically related, since no 
rise in antibodies against this virus was sought. 
Other viruses were isolated in previous reports.? 
Infections with enterovirus, other than poliovirus, 
may occasionally result in an illness very similar to 
that caused by poliovirus'“*—that is persistent 
flaccid asymmetric paralysis. Possibly, an infection 
with a neutropic virus, like other acute viral and 
bacterial infections, may occasionally trigger acute 
s-atus asthmaticus in a sensitive subject. 


References 


1 Grist N R. Type A7 Coxsackie (type 4 poliomyelitis) virus 
infection in Scotland. J Hyg (Camb) 1962, 60: 323-32. 


wA 


6 


2 farcho L W, Fred H L, Castle C H. Encephalitis and 
pohomyelitis in the adult due to Coxsackie virus group B, 
type 5. N Engl J Med 1963; 268: 235-8. 

3? Hopkins I J A new syndrome: poliomyelitis-like illness 
associated with acute asthma in childhood. Aust Paedian J 
1974; 10: 273-6 

* Danta G. Electrophysiological study of amyotrophy 


Poliomyelitis-like illness associated with asthma 63 


associated with acute asthma (asthmatic amyotrophy). 
J Neurol Neurosurg Psychiatry 1975; 38: 1016-21. 

5 Tett S J, Pugh R J, Smithells R W. Poliomyelitis-like- 
illness after acute asthma Arch Dis Child 1977,52: 738-40. 


Correspondence to Dr H K:son Blomquist, Department of 
Paedratrics, University Hospital, S-901 85 Umea, Sweden, 


An explanation for failure of impedance apnoea alarm systems 


DAVID P SOUTHALL, JEAN M RICHARDS, K C LAU, AND ELLIOT A SHINEBOURNE 
Department of Paediatrics, Brompton Hospital, and Cardiothoracic Institute, London 


SUMMARY 24-hour recordings of the ECG and 
respiration, the latter from an impedance technique, 
have shown a phenomenon which could account for 
hitherto unexplained failures of 1mpedance apnoea 
alarm systems. Whenever apnoea is accompanied by 
bradycardia there 1s a pronounced increase in the 
amplitude of the cardiac impulse on the respiration 
carrier. This imitates the respiration signal and 
prevents the alarm from sounding. Conversely, 
apnoea unaccompanied by bradycardia does not 
present this problem and is detected by the alarm. If 
impedance alarm systems are to be used to detect 
apnoea they must be accompanied by a heart rate 
(ECG) detector. 


Impedance alarm systems are widely used for the 
detection of apnoea in the newborn infant. They are 
often used in the routine care of preterm infants, 25 
to 8497 of whom are likely to have apnoeic attacks. 
They have also been advocated for the protection of 
those infants at special risk of sudden infant death. 9*4 
Failures of impedance apnoea alarm systems, 
however, are known to occur and some have been 
reported.?? These failures have occurred with no 
detectable electrical fault in the monitoring system, 
and with effective electrode contact. We are currently 
using combined 24-hour electrocardiogram and 
respiratory tape recordings to study infants with 
apnoeic attacks. During this study a phenomenon 
was observed which could explain failures in 
impedance apnoea alarm systems. 


Methods 


Combined 24-hour tape recordings of ECG and 
respiration* were made from 4 pregelled electrodes. 
The respiration signal, from a separate portable 
impedance unit, was recorded from 2 electrodes 


* Oxford Medical Systems. 


placed 10 cm apart on one side of the chest wall, and 
the ECG signal from 2 electrodes positioned over the 
heart on the opposite side of the chest. The tapes 
were analysed by a newly developed system* 
programmed to detect both variations 1n heart rate 
and rhythm from preset R-R interval limits on the 
ECG and apnoea of greater than 10 seconds' 
duration from the respiration channel. 


Patients and results 


Combined recordings of ECG and respiration were 
performed on 3 infants with apnoeic attacks. A 
phenomenon was consistently documented in these 
infants, and in many others, which probably explains 
some of the failures of impedance apnoea alarm 
systems. 


Case 1. This baby boy was admitted to hospital at 
age 3 weeks with episodes of pallor, cyanosis, and 
apnoea. He was term and weighed 2-36 kg at birth. 
He was monitored on an impedance alarm system 
(Hewlett Packard 78202B) set to trigger after 
more than 15 seconds of apnoea. A combined 
24-hour ECG and respiration recording showed 
four episodes of apnoea (10-40 seconds in duration) 
with bradycardia of down to 66/min. The apnoea 
alarm failed to sound with any of these episodes and 
the 24-hour recording showed that during all 
episodes the size of the cardiac impulse during 
bradycardia increased, resembling the respiration 
signal (Fig. 1). 


Case 2. This baby girl, who weighed 1:60 kg and was 
born at 31 weeks' gestation, presented at age 5 
weeks with apnoeic episodes. She was monitored on 
a combined heart rate (from ECG) and apnoea (from 
impedance pneumograph) alarm system (Hewlett 
Packard 78213D cardiorespirograph). The alarms 
were set to trigger for heart rates below 100/min 
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Fig. 1 24-hour ECG and respiration recording showing 
ehe ECG trace above a simultaneous respiration signal. 
The initial heart rate is 150|min. 15 seconds after 
the onset of recording there is an apnoeic episode 
lasting 40 seconds. 4 seconds after the onset of this 
episode there is a junctional escape rhythm which 
gradually becomes slower until 23 seconds after the 
onset of the apnoea, when an idioventricular rhythm 
of 66/min occurs. This rhythm persists unti the onset of 
normal respiration. 
Wken the heart 1ate falls tue cardiac impression on 
the respiration trace becomes larger in amplitude and 
by the time of established junctional rhythm the cardiac 
impression is similar in volume to a low volume 
respiration signal. 
This apnoeic episode failed to activate the impedance 
alarm system. 


or for apnoeic episodes cf more than 15 seconds. 
The combined 24-hour ECG and respiration 
recording showed 6 episodes of apnoea (10 to 60 
seconds’ duration) accompanied by bradycardia of 
as low as 60/min (Fig. 2). Unlike Case 1, during all 
episodes of apnoea and bradycardia on the 24-hour 
tape an alarm was activatec. 


Case 3. This baby girl weighed 1:26 kg and was 
born at 28 weeks’ gestation. Frequent apnoeic 
attacks, associated with bradycardias down to 
60/min were present. She was studied bv 24-hour 
recording at age 17 days while attached to an 
impedance alarm system (Hewlett Packard 78202B) 
set to trigger after 15 seconds of apnoea. During the 
24 hours of recording a note was made of the time of 
alarms, and the duration oi the apnoeic episode was 
estimated by adding 15 seconds to the length of time 
that apnoea persisted after the alarm had fist 
sounded. The 24-hour tape was analysed without 
knowledge of the times of the apnoea alarms. 
During the recording the alarm sounded for four 
episodes of apnoea (15-20 seconds in duration) 
which in one case was associated with bradycardia 
of 96/min. Four episodes of apnoea of between 15 
and 32 seconds, all with bradycardias of between 66 
and 82/min, however, failed to be detected by the 
alarm system. In all of these latter episodes the size 
of the cardiac impulse during bradycardia increased 
in size and resembled the respiration signal. 
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Fog. 2 24-hourECG and respiration recording showing 
the ECG trace above a simultaneous respiration signal. 
The initial heart rate is 136/min. 8 seconds after 
the onset cf the recording there is an apnoeic episode 
lasting 47 seconds, 20 seconds after the onset of the 
apnoea sinus bradycardia with a junctional escape 
rhythm begins. 20 seconds later there is an 
idioventricular escape rhythm of 60/min which lasts 
for 7 secords before a large breath occurs. A further 
apnoelc episode of 18 seconds follows this breath 
ard an idicventricular rhythm continues during this 
apnoea until artificial ventilation with a bag and face 
mask is started. Almost immediately the heart rate 
increases and the ECG reverts to sinus rhythm. 
When the heart rate falls the cardiac impression 
on the respiration trace becomes larger in amplitude. 
By the time of established junctional rhythm the cardiac 
impression resembles a shallow respiration signal. 


Discussion 


The technique of impedance pneumography used 
to produce the 24-hour recording of respiration is 
identical with the method used by impedance apnoea 
alarm systems. 

When apnoea is accompanied by bradycardia, if 
cardiac output is to be maintained, stroke volume 
has to increase. Concomitant with this there will be a 
greater difference in the volume of blood in the 
ventricles between systole and diastole and hence a 
greater difference in electrical impedance of the 
chest. The impedance changes between systole and 
diastole during slow heart rates thus may produce a 
signal in the respiratory carrier of comparable 
magnitude to that produced by shallow respiration. 
Thus if bradycardia accompanies apnoea, an 
apnoea alarm system may fail if it is dependent solely 
on an absence of the respiratory signal. 

We suggest that in Case 1 this was the reason for 
failure of the apnoea alarm. The 24-hour tape 
recording in Case 3 confirmed that when apnoea was 
not accompanied by bradycardia the alarm system 
worked, but in apnoeic attacks where heart rate fell 
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to below 85/min the alarm failed. The recordings 
also clearly demonstrate that alarm failures were 
due to the cardiac signal imitating the respiratory 
signal. 

Prolonged apnoeic attacks in preterm infants may 
not only lead to death but can also result in hypo- 
xaemia and brain damage.® If intervention during 
an apnoeic attack is largely dependent on activation 
of an alarm, unreliable systems may do harm by 
creating a false sense of security. 

A recent investigation describing infants with 
episodes of ‘near-miss’ sudden infant death looked 
after by them parents at home on impedance apnoea 
systems reported that 3 had died suddenly without 
their parents hearing the alarm.? It is equally 
possible that because of the effects of associated 
bradycardia the alarm failed to sound. 

Warburton ef al.” described the influence of the 
heart on the respiratory signal at normal heart rates 
in their studies in babies of artificially-induced upper 
airways obstruction. They did not, however, report 
the increase in amplitude of the cardiac signal with 
bradycardia. Most attacks of apnoea in preterm 
infants, however, are probably not due to the 
obstruction of the airways but to failure of the 
initiation of respiration. Such episodes are often 
accompanied by bradycardia which begins soon 
after, or simultaneously with, the onset of 
apnoea.! 9? 

We did not examine, in this study, the effects of 
different electrode positions on the size of the 
cardiac impulse. However, despite the respiration 
electrodes being placed on the opposite side of the 
chest to the heart during 24-hour recordings, there 
was still a pronounced increase in size of the cardiac 
signal when bradycardia occurred. It is likely that 
these changes could have been more prominent with 
electrodes positioned over the heart and therefore 
when monitoring for apnoea with an impedance 
alarm system 1t may be wise to position the electrodes 
as far as possible from the heart. 

When will apnoea impedance alarms be activated 
if there is associated bradycardia? The answer to 
this appears to be, only if the heart rate falls below 
the lower level set for respiratory rate (that is 
<6/min if the alarm is set to trigger after a 10-second 
delay) or if stroke volume is so small due to depressed 
cardiac output that it does not produce a significant 
respiratory signal. At this stage it may be too late to 
resuscitate the infant. 

In Case 2 there were no failures of the alarm 
system but in this instance the alarm might have been 
activated either by apnoea or by bradycardia. In our 
opinion it was the bradycardia or prolongation of 
R-R interval on the ECG, not apnoea, that triggered 
the alarm. 


The implications of these findings are important 
as the use of apnoea impedance alarm systems is 
widespread. If these alarms are to be used it would 
appear necessary to add some form of heart rate 
detector (such as ECG) to the impedance system. It 
may be insufficient to monitor ECG alone because 
occasionally the heart rate does not fall to below 
80/min until more than 40 seconds of apnoea has 
occurred, as reported by Daily et al. Their study 
also showed that if peripheral stimulation is delayed 
until 30 seconds after the onset of apnoea, 8% (43 
out of 540) of attacks cannot be terminated by 
stimulation alone and require positive pressure 
ventilation. 


We thank Dr R Dinwiddie and Dr D Mathew for 
referring the infants for study, the Oxford Instrument 
Company for their assistance in developing the 
24-hour recorder, and Elaine Fowler and Dorothy 
Lewis for their help in preparing the manuscript. 
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SUMMARY Necrotising enterocolitis occurred 

3 infants after angiography at cardiac catheterisation. 
It is suggested that hypertonic contrast medium 
might have been responsible and that this complica- 
tion could be avoided by the use of nonionic contrast 
media. 


Necrotising enterocolitis (NEC) is a potentially 
lethal condition primarily seen in infants of low 
birthweights who have undergone hypoxia or 
similar stress. It is charactecised by gastric retention, 
vomiting, abdominal distension, and blood-stained 
diarrhoea, or by frank rectal bleeding. The aetiology 
is obscure, but hypoxic damage to the mucosa of the 
gut followed by invasion of the gut wall by gas- 
forming organisms is usually postulated. The condi- 
tion has been reported in term infants, but it is then 
usually slighter and carries a better prognosis. The 
association of NEC with cardiac catheterisation has 
not hitherto been reported. Within a 6-month 
period, there were 3 cases of NEC within 24 hours of 
diagnostic cardiac catheterisation in our depart- 
ment. 


Case reports 


Case 1. A term baby girl weighing 2670 g was 
admitted aged 2 days, deeply cyanosed, and with a 
presumptive diagnosis of transposition of the great 
vessels. Delivery had been normal. Clinical examina- 
tion showed a cyanotic infant with an enlarged liver, 
normal heart sounds, tachypnoea (80/min), and 
blood pressure 70/50 mmHg. Arterial oxygen 
saturation (S405) was 5875, pH 7-35, and haemato- 
crit 5094. A chest x-ray suggested p-transposition of 
the great vessels. Cardiac catheterisation on the day 
of admission confirmed the diagnosis. The catheter 
was introduced via the right femoral vein after 
percutaneous puncture. Contrast injections were 
made in the right and left ventricles using 5 and 4 ml 
respectively contrast med:um. A ballocn atrial 
septostomy was then performed and S,0, increased 
to 86%. 

24 hours after catheterisation there was frank 
rectal bleeding on three cccasions during a period of 
several hours. 


The abdomen was not distended, and some bowel 
sounds were audible. Abdominal x-ray showed a 
distended colon and terminal ileum, but without 
fluid levels. A small area of intramural gas was 
visible in the colon. The x-ray appearances were 
normal 24 hours later. Oral feeds were stopped, and 
fluid with ampicillin and gentamicin given. Three 
days later, IV alimentation with Intralipid and 
Vamin was started. Eight days after bleeding, no 
further problems had been encountered and oral 
feeds were started. 19 days after catheterisation, 
Sa0, had fallen to 27%, and a repeat balloon 
septostomy was carried out which improved S,0, to 
60%. Further deterioration in S,0, and growth 
failure necessitated an early operative correction 
(Mustard procedure) at age 11 weeks. Subsequent 
progress is satisfactory. 


Case 2. A term baby girl weighing 3 kg was admitted 
at age 8 days for investigation of cyanosis and a 
heart murmur. Delivery had been normal, but 
ampicillin and gentamicin had been given since birth 
because of prolonged rupture of amniotic mem- 
brenes. Clinical examination showed a moderately 
cyenosed infant with tachypnoea (64/min) an 
enlarged liver, and a grade IV holosystolic murmur 
at the lower left sternal edge. ECG and chest x-ray 
were compatible with transposition of the great 
vessels. Two-dimensional echocardiography demon- 
strated p-transposition. S40, was 68 %, pH 7-20, and 
haematocrit 54%. 

Cardiac catheterisation the next day demon- 
strated p-transposition with a muscular ventricular 
septum defect and patent ductus arterosus. The 
catheter was introduced via the right femoral vein 
after percutaneous puncture, and a needle was placed 
in the opposite femoral artery to record arterial O, 
saturations and pressure. 

Angiograms were made of the right and left 
ventricles after injection of 6 and 5 ml respectively 
contrast medium. A balloon atrial septostomy was 
then carried out, and SaO was 87% after the pro- 
cedure. 

12 hours after catheterisation there was severe 
rectal bleeding and shock. Blood pressure was 
50/0 mmHg. No peristaltic sounds were heard. Blood 
transfusion was carried out with rapid improvement. 
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X-ray showed extensive pneumatosis coli, but no 
involvement of the small bowel. The pneumatosis 
disappeared within 24 hours, but x-ray signs of 
ascitic fluid persisted for 2 days. Oral feeding was 
stopped and IV fluids with ampicillin and gentamicin 
was given, with IV alimentation (Intralipid and 
Vamin) from the 4th day. Oral feeds were gradually 
reintroduced from the 6th day, and IV fluids stopped 
on the 11th day. 

Progress is satisfactory, and we expect to carry out 
corrective surgery in the first year of life. 


Case 3. A 5-month-old boy weighing 3-8 kg was 
referred for investigation of a heart murmur and 
failure to thrive. He had been born at 32 weeks' 
gestation weighing 1290 g. He had received a course 
of ampicillin and kanamycin because of suspected 
neonatal infection, and had an exchange transfusion 
aged 2 days because of hyperbilirubinaemia, not 
associated with rhesus or ABO incompatibility. 
Further progress had been satisfactory with rapid 
weight gain, and he was discharged home aged 2 
months, weighing 2800 g. At age 3 months a systolic 
heart murmur was first heard. At 5 months he was 
admitted to hospital in heart failure, and treated with 
digitalis and diuretics to good effect. 

When referred, clinical examination showed a pale, 
dystrophic infant, with tachypnoea (84/min) and 
blood pressure 80/60 mmHg. There was no cyanosis. 
There was a loud first and second sound, with a 
grade IV holosystolic murmur at the lower left 
sternal edge. 

ECG showed biventricular hypertophy. S40, was 
96%, pH 7:34, and haematocrit 31°. Three days 
after admission, cardiac catheterisation showed a 
large membranous ventricular septum defect, with 
a 5 to 1 left-to-right shunt. The catheter was intro- 
duced via the left femoral vein after percutaneous 
puncture. A needle was placed in the opposite 
femoral artery. Angiography of the right and left 
ventricles was carried out using 6 and 8 ml 
respectively contrast medium. 

On the day after catheterisation, the infant began 
to have diarrhoea and fever; blood appeared in the 
stools 36 hours after catheterisation. Stool cultures 
were negative, and x-ray showed pneumatosis coli 
of almost the whole colon with a ‘tram-line’ 
appearance. This had diminished the next day and 
appearances were normal 48 hours later. Oral feeds 
were stopped, and IV fluids with ampicillin and 
gentamicin begun. Symptoms rapidly improved and 
IV alimentation with Intralipid and Vamin was 
started on the 5th day after bleeding had been seen. 
Later oral feeds were gradually reintroduced until 
full oral feeding was achieved on the 11th day. 
Subsequent progress has been uneventful and early 


total correction was subsequently carried out 
successfully. 


Discussion 


The form of NEC seen in these 3 patients is similar 
to that described by Leonidas and Hall! in that it was 
characterised by x-ray changes confined to the colon; 
and followed a less severe course than is usually 
described. Although no pathological evidence for 
NEC was available, the degree of rectal bleeding 
suggested that it was necrotising enterocolitis 
that was responsible for these symptoms rather than 
pneumatosis coli. 

Many reviews have attempted to analyse factors 
which may be responsible for NEC, mainly in 
preterm infants. Factors suggested have been birth 
asphyxia and the use and duration of umbilical 
catheterisation,? ? hyperviscosity,* primary invasion 
by Clostridia," and exchange transfusions.’ 

The infants reported here had not suffered birth 
asphyxia, although 2 had had slight hypoxia before 
catheterisation. The association of NEC with 
umbilical catheters (and probably hence with 
exchange transfusion), is generally attributed to 
haemodynamic disturbance produced by the catheter 
in the portal system, or in the mesenteric arteries.? 
In the cardiac catheterisations of these 3 infants, 
the catheters were introduced only via the inferior 
vena cava, avoiding the umbilical vein and portal 
system. The duration of catheterisation was also 
short compared with that of an indwelling umbilical 
vessel catheter. No infant had a haematocrit of more 
than 6097, and so hyperviscosity was unlikely to be a 
cause, even though it is often seen in children with 
congenital heart disease. Although repeated routine 
stool cultures on all 3 infants grew no pathogenic 
organisms, a special search for fastidious anaerobes 
was not made. 

The strong temporal associations of the condition 
with catheterisation and contrast injections, 
suggest that the latter may be contributory. The 
rapid recovery of the gut despite extensive involve- 
ment, and the lack of obstructive sequelae suggests 
mucosal rather than full thickness bowel wall 
involvement. The contrast media used in cardiac 
angiography have an extremely high osmolality, 
and can have profound effects on the haemostatic 
mechanisms of small infants." The contrast medium 
used in the patients described (sodium/meglumine 
amidotrizoate 76%) has an osmolality of 1770 
mmol/l. In a small study of 5 infants, the injection of 
1-7 ml/kg (mean) contrast at angiography resulted 
in an increase of the plasma osmolality from a mean 
of 279 mmol/l (range 258-285) to a mean of 305 
mmol/l (range 293-316), a change over a few minutes 
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of 9%. These effects may be increased by dehydra- 
tion, which is itself produced by the diuretic 
effect of the contrast medium. It is suggested that 
these 3 infants had a mild form of NEC after damage 
to the colonic mucosa by the hyperosmolar effects of 
contrast medium. Alternatively, arterial vasospasm, 
previously described during renal angiography, 
might have been responsible. 

The use of recently developed nonionic contrast 
media such as metrizamide, which have one-third the 
-osmolality of conventional media, may help to 
avoid this complication in small infants undergoing 
cardiac angiography. 


References 


1 Leonidas J C, Hall R T. Neonatal pneumatosis coli: a 
mild form of necrotizing enterocolitis. J Pediatr 1976; 89: 
456-9. 

4 Burton G L, Durbin G M, McIntosh N, et al. Necro- 
tising enterocolitis. Arch Dis Child 1977; 52: 772—1. 


* Frantz I D, III, L'Heureux P. Engel R. R, Hunt C E. 
Necrotizing enterocolitis. J Pediatr 1975; 86: 259—63. 

* Hakanson D O, Oh W. Necrotizing enterocolitis and 
hyperviscosity ın the newborn infant. J Pediatr 1977, 90: 
458-61. 

5 Howard F M, Flynn D M, Bradley J M, Noone P, 
Szawatkowski M. Outbreak of necrotising enterocolitis 
caused by Clostridium butyricum. Lancet 1977; 2: 1099- 
102. 

5 Touloukian R J, Kadar A, Spencer R P. The gastro- 
intestinal complications of neonatal umbilical venous 
exchange transfusion—a clinical and experimental study. 
Pediatrics 1973; 51: 36-43. 

' Standen J R, Nogrady M B, Dunbar J S, Goldbloom R B. 
Osmotic effects of methylglucamine diatrizoate (Reno- 
grafin 6C) in intravenous urography in infants. AJR 1965; 
93: 473-9. 

5 Spriggs D W, Brantley R E. Recognition of renal arterial 
spasm during renal angiography. Radiology 1978; 127: 
363-6. 


Correspondence to Dr R W I Cooke, Department of Child 
Health, Alder Hey Children's Hospital, Eaton Road, Liver- 
pool L12 2AP. 


Accidental administration of Syntometrine in adult dosage to the 


newborn 


M F WHITFIELD AND S A W SALFIELD 


Subregional Neonatal Intensive Care Unit, Jessop Hospital for Women, Sheffield, and 


Depariment of Paediatrics, University of Sheffield 


SUMMARY The clinical course is described of an 
infant who accidentally received an adult dose of 
Syntometrine (synthetic oxytocin + ergometrine) at 
delivery. The infant soon became ill with convulsions 
and ventilatory failure, and later with water intoxica- 
tion. Similar reported cases are reviewed ‘and 
recommendations are given for the management of 
future cases. : 


Even in the best run labour units accidents can 
happen. This paper describes the effects on an infant 
of the eccidental administration of an adult dose of 
Syntometrine, 1 ml of which contains Syntocinon 
(synthetic oxytocin) 5 units, and  ergometrine 
maleate 0:5 mg. 


Case report 


The infant, a girl, the first child of a 23-year-old 
mother, was born by spontaneous vertex delivery at 
term weighing 3:2 kg. The pregnancy and labour had 
been uncomplicated, there was no evidence of fetal 
distress, and the baby was in good condition at birth. 


During the 5 hours in labour the mother had received 
only 3:75 units Syntocinon in 2 litres 5% glucose IV. 

The baby was accidentally given 1 mi Synto- 
metrine IM immediately after delivery. 15 minutes 
later she was centrally cyanosed and had grunting 
respiration. One hour after the injection a fractional 
inspired oxygen (F10,) of 0-5 was needed to abolish 
cyanosis and she had become hypopnoeic, ‘mucousy’, 
and had generalised hypertonus tending to opistho- 
tonus. This state appeared to be due to convuisions, 
and phenobarbitone 7:5 mg given 8-hourly IM was 
started. An umbilical arterial catheter was passed and 
at age 24 hours the blood-gases in Fyo, 0:5 were pH 
7-06, Paco, 88-7 mmHg (11-8 kPa) Pao, 38 
mmHg (5 kPa), base excess 8-4 mmol/l. 90 min later 
the blood-gases had deteriorated to pH 6-9, Paco, 
102 mmHg (13-6 kPa), base excess 11 mmol/l. Inter- 
mittent positive pressure ventilation was given at 
35/min, with Fyo40- 8, inspiratory/expiratoryratio 1:1, 
peak pressure 25 cmH,O, and 5 cm positive end ex- 
piratory pressure. By 14 hours Fyo, could be reduced 
to 0 -3, and she was weaned from the ventilator at 
42 hours. 

Between 4 and 42 hours of age the baby had 
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generalised convulsions and received diazepam 5 mg, 
phenobarbitone 45 mg, and paraldehyde 0-5 ml. 
At the onset of convulsions the plasma calcium, 
magnesium, urea, and electrolytes and the blood 
glucose levels were all normal. 

No urine was passed until 19 hours and by 48 
hours her weight was 180 g above birthweight, 
with gross oedema, and serum Na 102 mmol/l. 
Fluid intake (0% glucose) in the first 24 hours was 
60 ml/kg and in the second 24 hours 76 ml/kg. The 
course of plasma electrolyte and urine osmolality 
measurements is summarised in the Table. 


Table Changes in plasma electrolytes and urinary 
osmolality during the first 4 days of life 


Age (days) Plasma sodium Plasma chloride Urine osmolality 
(mmol/T) (mmolj) (mmol[kg) 
1 129 94 358 
2 102 75 423 
213 
147 
111 
4 127 87 150 


Other investigations included normal platelet, 
differential and neutrophil counts, and a normal 
coagulation screen on two occasions in the first 4 
days of life. Dextrostix ranged between 45 and 90 
mg/100 mi in the frst 36 hours (5 measurements). 

Breast feeding was established by the 5th day and 
the baby discharged at 7 days of age. Subsequent 
follow-up, so far to one year, has shown a develop- 
mentally normal infant performing better than 
average for age, with normal neurological examina- 
tion, hearing, and eyesight. 


Discussion 


Two previous cases of accidential administration of 
Syntometrine have been recorded! both receiving 
1 ml. The 2-84-kg infant described by Kenna! 
developed respiratory depression within half an hour 
and required mechanical ventilation at 2 hours for 
the next 50 hours. Convulsions began at 3 hours and 
these were treated with phenobarbitone and 
diazepam. At 18 months of age the baby was 
neurologically normal. This case is similar to ours. 

Brereton-Stiles? described an infant of 3:5 kg who 
developed ‘myoclonic seizures’ and respiratory 
depression within 2 hours of the injection. The 
myoclonic seizures were treated with chlorpromazine 
and the baby's respiratory state remained satisfactory 
in Fyo, 0-3 until 6 hours of age when a brief period 
of manual ventilation was required. She was much 
improved by 24 hours of age and normal at 4 days. 
No follow-up is reported. 


Two further cases have been notified to Sandoz 
(the manufacturers of the drug) from Finland who 
exhibited skin flushing and cardiac arrhythmias; 
both recovered. In one other case (known to the 
Poisons Information Centre at Guy's Hospital, 
London) the baby developed respiratory arrest and 
required ventilating for 12 hours. He was also 
hypertonic and had peripheral vasoconstriction of ' 
one foot but made a full recovery. 

Syntometrine is widely used in the management of 
the third stage of labour to reduce postpartum 
haemorrhage,? oxytocin producing a rapid but 
unsustained uterine contraction, while ergometrine 
produces a prolonged contraction of slower onset. 
Effects of overdosage with ergometrine are vascular 
smooth muscle spasm, hypertension and depression 
of the central nervous system particularly of the 
respiratory centre, and convulsions. Syntocinon can 
produce hypotension and in overdose, even the 
synthetic form of oxytocin has an antidiuretic effect. 
There have been reports of hyponatraemia and 
convulsions in the newborn baby due to apparent 
inability of the mother to excrete a fluid load while 
receiving an oxytocin drip during labour.* * 

Our infant received about 20 times the adult 
dosage of Syntometrine in terms of body weight. The 
clinical problems were convulsions and respiratory 
depression caused by ergometrine, and dilutional 
hyponatraemia due to the antidiuretic effect of a 
very large dose of oxytocin despite a conservative 
fluid intake. The mother received only a small dose of 
oxytocin during labour and it seems unlikely that 
this was a contributory factor. Artificial ventilation 
with positive end expiratory pressure might also 
have contributed to an inappropriate antidiuretic 
effect, but the severity in this case far exceeded our 
previous experience with ventilation alone. Cerebral 
oedema might also have contributed to the difficulty 
in controlling her convulsions. 

The initial requirement of high Fio, and ventila- 
tion pressures, and the long inspiratory time suggest 
pulmonary vascular spasm which relaxed after 14 
hours. Provided blood pressure can be adequately 
monitored, pulmonary arterial dilators—such as 
tolazoline (1-2 mg/kg IV}? or nitroprusside (2 ug/kg 
per min)’—might be of benefit in future cases where 
adequate oxygenation is a problem in the first few 
hours, despite ventilation. Muscular hypertonicity 
and convulsions also contribute to the difficulties in 
respiratory management. 

Because of the acute nature of the problem, an 
account of accidental Syntometrine poisoning 
should be given in all neonatology textbooks. At 
present it is difficult to get information quickly about 
the likely course of events. 
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Prostaglandin synthetase inhibitor in an infant with congenital chloride 


diarrhoea 


ADRIAN M B MINFCRD AND DAVID G D BARR 
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SUMMARY Hyper-reninaemia, hypokaluria, and 
hypokalaemia in an infant with congenital chloride 
diarrhoea improved during treatment with a prosta- 
glandin synthetase inhibizor, ketoprofen. There was 
evidence of increased activity of therenin-aldosterone 
system when ketoprofen was stopped. It is suggested 
that prostaglandins may be involved in stimulating 
the renin-aldosterone system in congenital chloride 
diarrhoea. 


In congenital chloride ciarrhoea, juxtaglomerular 
hyperplasia, hyper-reninaemia, and  hyperaldo- 
steronism (with normal blood pressure), leading 
to hyperkaluria and hypokalaemia, complicate and 
worsen electrolyte imbalance and may predispose to 
vascular damage and further  nephropathy.? 
These features are also present in Bartter’s syndrome 
in which increased renal production of prostaglandins 
has been implicated and a favourable response to 
prostaglandin synthetase inhibitors described.t-? 
The clinical and biochemical effects of the prosta- 
glandin synthetase inhibitor, ketoprofen, are 
reported in an infant with congenital chloride 
diarrhoea. 


Case report 


A Nigerian boy of 2:42 xg was born at 33 weeks’ 
gestation by normal delivery after a pregnancy 


complicated by hydramnios. At 12 hours he 
Ceveloped watery diarrhoea and abdominal dis- 
tension. He became dehydrated and hyponatraemic 
(serum Na 119 mmol/l, K 4:3 mmol/l, urea 10:3 
mmol/l; 62 mg/100 ml). He was given intravenous 
fiuids and the diarrhoea settled after 2 weeks. 
Stool electrolytes were not estimated. After discharge 
at 4 weeks, abdominal distension persisted although 
he was gaining weight and had no apparent 


diarrhoea. However, at 4 months his weight had ` 


fallen <3rd centile and, as serum K. was 2-3 mmol/l, 
cral KCI was started. 

Two weeks Jater he was admitted to this hospital 
with bronchiolitis which settled within 3 days. His 
weight of 4-49 kg was «3rd centile and he was mildly 
dehydrated. Shortly after admission watery diarrhoea 
was noted and this persisted. Gross abdominal 
distension was present. Blood pressure was 90/60 
mmHg. Serum electrolytes on admission were: 
Na 132, K 2-9, CI 83 mmol/l, and urea 7-6 mmol/l 
(45:8 mg/100 ml). Chloride was undetectable in the 
urine. Urinary Na was 6 mmol/l and urinary K. 
45 mmol/l. Stool electrolytes were: Na 51, K 39, and 
CI 103 mmol/l Hb was 10:3 g/dl and WBC 
13:7 x 10/1. Reducing substances were absent from 
the stools and no pathogens were isolated on stool 
culture. The plasma renin concentration (1261 
U/ml) was greatly raised compared with the normal 
adult range for this laboratory of 9-52 uU/ml. 
Plasma aldosterone of 21 ng/100 ml (0:58 nmol/l) 
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was within the normal range 6-105 ng/100 ml 
(0:166-2-9 nmol/D for infants.* Urinary prosta- 
glandin E, excretion of 329 ng/24h was higher than 
values obtained from 3 control infants of the same 
age (190, 279, and 280 ng/24h) and exceeded the 
normal adult range of 76-281 ng/24h.* Urinary 
prostaglandin F,« excretion was 2721 ng/24h which, 
although exceeding the normal adult range of 
422-871 ng/24h, was similar to control values of 
1305, 2728, and 2780 ng/24 hours. 

Initially, our patient was given intravenous fluids 
with added KCI. A week later oral feeding and oral 
KCI supplements (21-6 mmol K per day) were 
started. Total daily fluid intake was 1600 ml. Four 
weeks after admission ketoprofen 10 mg a day was 
started and a week later this was increased to 20 mg a 
day. Changes in weight gain, serum and urinary 
- potassium, plasma renin, and aldosterone concentra- 
tions are shown in Fig. 1. On ketoprofen 20 mg a 
day, urinary K excretion fell and serum K increased. 
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Fig. 1 Effect of ketoprofen on plasma renin, plasma 
aldosterone, urinary and serum K+ 


This was accompanied by a fall in plasma renin and 
aldosterone concentrations to 281 yU/ml and 
14 ng/100 ml (0:38 nmol/l) respectively. Serum 
electrolytes remained normal for 5 weeks after 
starting ketoprofen. He then became hypokalaemic 
for 5 days with a rise in urinary K excretion and 
oral KCl supplements were increased. The effect of 
withdrawing prostaglandin synthetase inhibition was ' 
assessed by stopping ketoprofen after 10 weeks of 
treatment. Shortly afterwards, hypokalaemia with 
increased urinary loss of K necessitated a further 
increase in oral KCl supplements. Plasma renin and 
aldosterone concentrations increased to 348 wU/ml 
and 57 ng/100 ml (1-58 nmol/l) respectively. As the 
patient was then lost to further follow-up by us, 
ketoprofen was not restarted. 

Changes in urinary prostaglandin excretion are 
shown in Fig. 2. On ketoprofen 20 mg a day urinary 
PgE, excretion fell from 558 to 123 ng/24h. After 5 
weeks of treatment with ketoprofen, urinary PgE, 
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excretion increased at a tume when the infant was also 
hypokalaemic (Fig. 1). Urinary PgE, excretion did 
not rise significantly when ketoprofen was stopped. 
Urinary PgF,« excretion was variable but did not 
seem to be affected by ketoprofen. 

While on ketoprofen, watery diarrhoea, abdominal 
distension, and stool electrolyte concentrations 
` remained substantially unchanged. The infant 
continued to gain weight after ketoprofen was 
stopped and serum potassium became normal on 
increased oral KCI supplements. 


Discussion 


The clinical features end the high faecal Cl exceeding 
the sum of K and Na concentrations confirm the 
diagnosis of congenital chloride diarrhoea in this 
infant. 

Recently, the importance of controlling hyper- 
reninaemia and hyperaldosteronism x renal and 
vascular changes are io be prevented has been 
emphasised. Holmberg eż al."^? showed that while 
replacement with adequate fluids and KCI can 
improve the clinical state, increased aldosterone 
secretion persists. They found normal urinary 
aldosterone excretion in patients given both NaCl 
KCl. They argue that without adequate NaCl 
replacement a normal body sodium content is 
maintained only by increased aldosterone activity. 

Initially, our patient had pronounced hyper- 
reninaemia (Fig. 1). The plasma aldosterone 
concentration at this time was however not raised, 
and this may have been due to the effects of chronic 
hypokalaemia which is known to suppress aldo- 
sterone secretion.’ The pronounced fall in plasma 
renin concentration after starting ketoprofen may 
partly have been due to correction of chronic 
dehydration but continuing lower plasma renin and 
aldosterone levels were found during treatment with 
ketoprofen and on stopping treatment there was a 
pronounced increase in both levels. Suppression of 
renin and aldosterone activity while on a prosta- 
glandin synthetase inhibitor, and increase in activity 
on stopping ketoproren, suggests that prostaglandins 
may have affected the stimulation cf the renin- 
aldosterone system. It might be argued that natural 
fluctuations were responsible for these differences in 
renin-aldosterone activity. However, there was no 
change in diarrhcea or abdominal distension 
regardless of whether the patient was on or off 
ketoprofen. Stool electrolyte concentrations re- 
mained unchanged while taking ketoprofen. While 
urinary PgF,« seemed unaffected by ketoprofen, 
PgE, excretion fell from pretreatment levels that 
were higher than controls. Varying degrees of 
prostaglandin synthetase inhibition may have been 


responsible for fluctuations in urinary PgE, excretion, 
accompanied by the variations in levels of serum and 
urinary potassium which occurred after the first 
5 weeks of treatment. In congenital chloride 
diarrhoea, hyper-reninism and hyperaldosteronism 
are thought to be a consequence of hypoelectroyt- 
aemia caused by intestinal loss of electrolytes. It 
may be that renal prostaglandins play an intermediate 
role in this process. 

Ketoprofen is less toxic than other prostaglandin 
synthetase inhibitors, such as indomethacin,® and 
our patient suffered no obvious toxic effects from its 
use. Ketoprofen may be an alternative to additional 
oral sodium chloride in suppressing hyperaldo- 
stercnism in congenital chloride diarrhoea, but 
further studies are needed to assess its effectiveness 
and provide guidelines on the duration of treatment 
and optimum dosage. 


We are indebted to Dr R Kelly, MRC Reproductive 
Biology Unit, Edinburgh for prostaglandin assays, 
and to Dr Brown, Dr Leckie, and Dr Fraser, MRC 
Blood Pressure Unit, Western Infirmary, Glasgow, 
for renin and aldosterone measurements. 
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Inhaled powder compared with aerosol administration of fenoterol in 


asthmatic children 


STEPHEN CHAMBERS, JANET DUNBAR, AND BRENT TAYLOR 
Department of Paediatrics, Christchurch Clinical School of Medicine, Christchurch Hospital, New Zealand 


SUMMARY  Fenoterol as a powdered inhalation was 
shown to have a longer and stronger bronchodilator 
effect than the same dose inhaled from a standard 
metered dose aerosol in a double-blind double- 
placebo controlled cross-over study in 13 severely 
asthmatic children. The powder method of 
administration is free from many of the disadvantages 
of pressurised aerosols and may prove the method of 


^ choicein childhood. 


The most widely used method of administering 
sympathomimetic drugs in adults is by way of a 
pressurised aerosol, but aerosols are not widely 
recommended by paediatricians.'? Aerosols have 
some disadvantages: despite careful tuition they are 
used ineffectively by 14% of adults* and probably by 
an even greater proportion of children; they may be 
over-used especially in early adolescence,’ and the 
propellant chlorofluorocarbon is potentially harmful 
to both the patient and the environment.*? 

As an alternative, a powder inhaler can be used by 
nearly all adults.* It is nonpolluting and doses can 
be more easily regulated. However, there is little 
information about the effectiveness of sympathomi- 
metics administered in this form. In the present 
study the relief of bronchospasm by a standard dose 
of fenoterol from a pressurised aerosol was compared 
with that obtained by the same dose administered 
from a powder inhaler. 


Methods and patients 


13 children were studied (6 boys and 7 girls) aged 
6 to 12 (mean 8-7) years. All were severe recurrent or 
chronic asthmatics (grade C or D)? under continuous 
intensive oral bronchodilator and prophylactic 
chemotherapy; the mean duration of symptoms was 
6-7 years (range 6 months to 10 years). 

No subject had had a sympathomimetic or 
' theophylline preparation within 8 hours of study. 
Sodium cromoglycate (4 subjects), beclomethasone 
dipropionate (4 subjects), or both (3 subjects) were 
continued; these inhalations were taken at least 2 
hours before the study on test mornings. 

Respiratory function was assessed by peak 


expiratory flow rates (PEFR) with a Wright peak 
flow meter, the highest of 3 measurements on each * 
occasion, before drug administration and there- 
after at 15 and 30 minutes, and at 1, 2, 3, 4, and 5 
hours. Actual PEFR values were converted to 
percentage of mean normal PEFR for height? to 
allow intersubject comparison. The baseline variation 
during the study averaged 4-5 7; (maximum 17 9^). 

At the same time on 2 separate days the active 
drug (200 ug fenoterol, either one puff from a 
standard metered dose commercial aerosol or one 
capsule via an Italseber powder inhaler) together with 
the complementary placebo (propellant or glucose 
powder only) were given on a double-dummy 
randomised double-blind cross-over basis. Tuition 
and practice with placebo preparations was given 
before the trial. 


Results 


All patients completed the trial; each child showed 
improvement in PEFR after the inhalations on each 
test day. Both preparations were well tolerated and 
neither produced any side effect. 

The results of the treatments are compared in the 
Figure. A two-way analysis of variance showed a 
significant difference in the mean percentage 
expected PEFR between the two treatments 
(P«0-05) with the powder superior. The powder 


S 


PEFR "h expected 
& 


e Powder 
40 o Aerosol | 
Baseline 1 2 3 4 5 
Hours 


Figure Comparison of inhaled powder versus aerosol 
administration of 200 ug fenoterol to 13 severely 
asthmatic children (mean 4- SE). 
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treatment also provided longer bronchodilatation, 
shown by comparison cf the times for PEFR to 
return towards baseline (P «0:05 at PEFR baseline 
+ 1025; paired Studert’s £. 


Discussion 


' This study suggests that fenoterol administered from 


e 


a powder inhaler is more effective, providing both a 
longer and stronger bronchodilator effect, then when 
administered from a pressurised aerosol to asthmatic 
children. Presumably the powder is better inhaled. 

In asthmatic adults who used aerosols well, studies 
with salbutamol showec no difference in efficacy 
between powder inhalation or aerosol. However, 
those patients who used aerosols poorly did better 
with powder inbalations.? 

Fine particles of the drug are contained in a base 
of fine glucose. This mix-ure can be inhaled at very 
low flow rates. There are no problems with inhaled 
sugar; lactose has been used with sodium cromo- 
glycate for at least 12 years without side effects. 
The powder is dispensed in individual capsules 
which has the advantage in childhood that parents 
can monitor the number of capsules being used. 


This study was supported in part by the Canterbury 
Medical Research Foundation, and Boehringer 


Ingelheim provided the trial materials. We are 
grateful to D M Fergusson for statistical advice, and 
to Miss K Read for secretarial assistance. 
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Research ethics 


Guidelines to aid ethical committees considering 


research involving children 


The British Paediatric Association set up in 1978 a Working Party on Ethics of Research iif 
Children (members Professor F Cockburn, Professor J A Dudgeon, Dr D M T Gairdner, 
Dr A D M Jackson). The following Guidelines to aid ethical committees considering research involving 
children*, proposed by the Working Party have been accepted by the Council of the BPA. 


These guidelines presume that four premises are 
accepted. 

That research involving children is important 
for the benefit of all children and should be sup- 
ported and encouraged, and conducted in an 
ethical manner. 

That research should never be done on children 
if the same investigation could be done on adults. 

That research which involves a child and is of no 
benefit to that child (non-therapeutic research), is 
not necessarily either unethical or illegal. 

That the degree of benefit resulting from a 
research should be assessed in relation to the risk of 
disturbance, discomfort, or pain—the ‘Risk/Benefit 
ratio’. 


Defining ‘Risk’ 


Risk, in this context, means the risk of causing 
physical disturbance, discomfort or pain, or psycho- 
logical disturbance to the child or his parents, rather 
than the risk of serious harm, which no ethical 
committee would countenance in any case. 

Negligible Risk. Risk less than that run in every- 
day life. 


*A child in this context is taken to include the infant from 
the time of birth (but not the fetus). Thereafter, an individual 
remains a minor until 18. The Family Law Reform Act 
(1969) provides that a minor who has attained the age of 
16 has capacity to consent to surgical, medical, or dental 
treatment (which 'includes any procedure undertaken for the 
purpose of diagnosis . . . and applies to any procedure. . 
which is ancillary to any treatment as it applies to that 
treatment"). This statute does not deal with consent for other 
procedures, e.g. nontherapeutic research, and therefore the 
general law applies to all minors until 18. Such Iaw does not 
recognise any ‘age of consent’, for capacity to consent 
depends on the child’s intellectual capability and the com- 
plexity of the procedure; age is simply one factor to be taken 
into account.? 


Y 


Minimal Risk. Risk questionably greater than 
negligible. 
More than Minimal Risk. 


Defining ‘Benefit’ 
Nontherapeutic research. 


(a) The procedure is of no benefit to the subject 
but may benefit the health and welfare of other 
children or adults. A special case, but an important 
one, is if the subject suffers from a disorder and the 
research aims to benefit others suffering from a 
similar disorder. 

(b) The procedure is of no benefit to the subject 
but may add to basic biological knowledge e.g. 
normal values; ageing. 


Therapeutic research. The procedure is of potential 
benefit to the subject. 


Applying the Risk/Benefit principle in nontherapeutic 
research 


Procedures requiring ethical judgements are usually 
those which are without benefit to the subject— 
‘nontherapeutic research’. Most such procedures 
will fall into one of the following three categories. 

1. The procedure is either (a) part of the ordinary 
care of the infant or child (weighing, measuring, 
feeding), or (b) involves the noninvasive collection 
of samples (e.g. urine, faeces, saliva, hair, or nail 
clippings, or, at birth, cord blood or placental 
tissue). 

Risk is here likely to be Negligible. For example, 
test weighing a breast-fed baby, as part of a study 
aimed to promote breast feeding. 

2. The procedure involves invasive collection of 
samples (e.g. blood, cerebrospinal fluid, biopsy 
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tissue) taken from a child who is undergoing treat- 
ment. The sample used for research may be (a) an 
additional amount to that required on clinical 
grounds; or (b) not an ordinary part of the child's 
treatment (e.g. collection cf biopsy material during a 
surgical operation). 

Risk in (a) might be either Negligible or Minimal: 

(b) might be Negligible, Minimal, or More than 
Minimal. 
Examples. In cystic fibrosis, a research might be 
considered reasonable wh:ch involved an affected 
"child having a sweat test that needed twice as much 
sweat as required for purely diagnostic purposes. 
The added discomfort to thz child might be assessed 
as Negligible. If in addition a venepuncture was 
required, this might be judged to put the risk of 
discomfort and pain into the Minimal Risk cate- 
gory. But the potential benefit to other child suf- 
ferers from this common and serious disease might be 
deemed such as to make the Riusk/Beneüit ratio 
acceptable. 

During the course of an operation for hernia, a 
fragment of skin from the incision might be required 
for a research involving tissue culture. The Risk 
could be judged Negligible, so that even if the 
research was not expected to have anv direct clinical 
benefit but only to add to basic biological knowledge, 
it might be acceptable. 

During the course of an abdominal operation, 

a renal biopsy might be taken for research pur- 
poses. The Risk here would be judged More than 
Minimal and the Benefit would have to be very 
large to justify it. But suppose the research aimed 
to resolve the problem of rejection of transplanted 
kidneys, with resulting lifesaving consequences both 
for children and adults with renal failure, this 
might be considered a Benefit of sufficient magnitude 
to justify the risk. 
3. The procedure is quite apart from the necessary 
care or treatment of the child. For example, blood 
sampling; passage of oesophageal tube for pressure 
recording; application of face mask for respiration 
studies; placement of infant in plethvsmograph 
chamber for thermal or respiratory studies; needle 
biopsy of skin or fat; or x-rav or isotope studies 
(see below). 

The Risk might be Negligible, Minimal, or More 
than Minimal. The Benefit, as defined above in 
relation to ‘nontherapeutic resea-ch,' may fall within 
either the Definition (a) or (b). If it comes under 
Definition (8), the Risk should, to be acceptable, 
probably be either Negligible or Minimal. 

If the Benefit comes under Definition (b) the Risk 
should be Negligible. 

Examples. In thalassaemia, a common and lethal 
disease, progress might depend on taking blood 


specimens from both affected and unaffected child- 
ren. The Benefit could be assessed as great, so 
Justifying the Risk of causing More than Minimal 
discomfort or pain to the children. 

Many diabetic children will develop blindness 
or other severe eye complications in adult life. A 
research aimed at eventually learning how to pre- 
vent this might require several glucose tolerance 
tests to be done on a diabetic child, not for his own 
benefit but to the benefit of other diabetic children. 
The Risk of discomfort or pain to that child would be 
assessed as More than Minimal, but might never- 
theless be justified by the potential Benefit. 

The physiology of the initiation of breathing 
by the baby at birth is poorly understood, and is 
of clinical importance because some babies fail to 
breathe. A study of normal newborn babies’ first 
breath, using a face mask, may be judged to cause 
Minimal Risk with a justifiable Risk/Benefit ratio. 


Applying the Risk;Benefit principle in therapeutic 
research 


Therapeutic research offers potential benefit to the 
subject. It includes not only trials of new drugs or 
procedures but also trials of therapies which, though 
perhaps widely applied, are yet of unproved value. 
The Risk,;Benefit principle may still be applicable, 
tae potential Benefit as well as the Risk relating to 
tae individual subject. 

In general, ethical principles in therapeutic 
research involving children do not usually differ 
from those applying to adults, except that the age 
oi the subject will often mean that parental under- 
standing and agreement will be required. 

In the common type of experiment where two 
therapies are compared in a controlled trial, two 
ethical questions are likely to arise. 

1. Is the research necessary? For instance, con- 
ventional treatment of a febrile convulsion in a 
child includes drastic cooling. A research project 
might question this form of management and entail 
a controlled trial. An ethical committee might 
corsider it probable tbat data already existed 
enabling the question to be answered. The com- 
mittee might therefore require the researcher first 
to provide evidence that the world literature had been 
effectively searched. 

2. I5 the design of the trial such that a statistically 
significant result will emerge with the use of a 
minmal number of subjects and in a minimum 
period? Since one set of children will receive what 
may eventually turn out to be an inferior therapy, 
it is ethically imperative that this question be 
answered in tne affirmative. 

Exariples. Current research in treating leukaemia 


~ 


T 


in children often means comparing two different 
drug regimens. Since both sets of children receive 
therapies currently considered acceptable, ethical 
considerations are mainly confined to ensuring that 
the design of the trial 1s statistically sound. 

A controlled trial of hyposensitising injections of 
allergens in asthmatic children differs from the fore- 
going example in that some children (the controls) 
receive injections of inactive material. This might at 
first sight seem ethically questionable. However, the 
following consideration may lead to such a trial 
being judged acceptable. Until the result of the trial 
1s known the children ın either the treatment or the 
control group have a chance of gaining an advan- 
tage. The active therapy may prove superior and 
those in the treatment group gain an advantage. 
If, however, there are unpleasant or harmful side 
effects from the active therapy, the control group 
will have gained some advantage by not being 
exposed to those side effects. 


X-rays and isotopes 


An authoritative pronouncement on the ethical 
propriety of irradiating children (i.e. the use of 
x-rays or isotopes) for research purposes has 
recently been given by the International Commission 
on Radiological Protection.? It states that 'the 
irradiation, for the purposes of such studies (i.e. 
of no direct benefit to the subject) of children and 
other persons regarded as being incapable of giving 
their true consent should only be undertaken if the 
expected radiation is low (e.g. of the order of one- 
10th of the dose-equivalent limits applicable to 
individual members of the public) and if valid 
approval has been given by those legally responsible 
for such persons.' 

This means, in common parlance, that exposure 
to x-rays could be justifiable where the dosage was 
comparable to the normal variation in natural 
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irradiation received by, say, individuals living in two 
different parts of the British Isles. In fact, using 
modern equipment, a single radiograph might fall 
well within such dosage limits, and thus be classi- 
fiable as a Negligible Risk. 


Parental permission and co-operation. Agreement by 
the child 


Parental (or guardian’s) permission should nor- 
mally be obtained—with rare exceptions such as the : 
comparison of two treatments for some emergency 
condition—after explaining as fully as possible the 
nature of the procedure. Whether or not this should 
be a signed, witnessed declaration remains debatable. 
It is an advantage if the parents can be present 
during the procedure. Although the law in Britain 
does not recognise an 'age of consent', children 
much younger than 16 often have enough under- 
standing to collaborate altruistically in a project. 


New drugs: new immunisation procedures 


In general these should first be tested on animals, 
then on adult volunteers, then on older children 
able to take part voluntarily in the research, and 
only then on younger children. However, there are 
instances where this sequence might be inappro- 
priate; for instance in the development of a vaccine 
against respiratory syncytial virus where few unin- 
fected subjects may be available above the age of 
infancy. 
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British Paediatric Association 


Standing Ethics Advisory Committee 


(1) The British Paediatric Association has set up a 
Standing Ethics Advisory Committee. The function 
of this Committee will be to offer advice on the 
ethics of research projects involving children. 

(2) The Committee will respond to requests for 
advice from individuals planning research projects, 
from local ethical Committees, or from editors 
of journals but its opinions will not be 


binding. Approval of research projects must 
remain the responsibility of statutory local ethical 
committees, 

(3 The Committee will base its opinions on 
guidelines drawn up by the British Paediatric 
Association and if it is consulted often enough it will 
in time establish some uniformity of policy for 
research in children throughout the country. 
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Scottish Paediatric Society 


At the Summer Meeting held at Foresterhill, 
. Aberdeen, on Friday, € June 1979, the President, 
Dr W H Galloway, was in the chair. 


Scientific communications 


Aspects of growth in children with sex chromosome 
abnormalities. S G Ra-cliffe. MRC Clinical and 
Population Cytogenetics Unit, Western General 
Hospital, Edinburgh. 


42 children with nonmosaic sex chromosome 
abnormalities have been identified in the Edinburgh 
Newborn Cytogenetic Survey since 1967, and their 
growth has been studied _ongitudinally together with 
that of 199 controls. Measurements at birth showed 
a significant reduction in weight, length, and head 
circumference in those with an additional X chromo- 
some (47,XXY and 47,X XX) while 47,X YY infants 
did not differ from the controls. Analysis of head 
growth up to age 44 years shows that this intra- 
uterine retardation persists in these two groups, but 
growth in height behaves differently and there is 
relative acceleration in the 47,X XY, and also in the 
47,XY Y compared with the controls. Data on body 
proportions were presented, in particular, leg 
length, and bi-iliac and bi-acromial diameters. In 
considering the biological mechanisms whereby 
these alterations in growth are produced, the 
interaction of hormonal and chromosomal factors 
was discussed, in particular (a) the effect of variations 
in the concentration of sex hormanes, (b) the retard- 
ing effect on cell replication of an additional X 
chromosome, and (c) the maturational delay 
associated with the preseace of the Y chromosome. 


Neonatal plasma pethidine levels after obstetric 
analgesia. T A Moreland (introduced), J E H Brice 
(introduced), and C H M Walker. Department of 
Pharmacology and Therapeutics, and Department 
of Child Health, University of Dundee. 


Plasma pethidine levels were determined by RIA in 
umbilical venous and capillary blood at birth and at 
0:5, 1-5, and 11-24 hcurs after birth in babies 
whose mothers had received 100-150 mg pethidine 
hydrochloride (mean + SD, 108 +19 mg) intra- 
muscularly within 4 hours before delivery (mean, 
1:55 + 0:80 hb). The mean plasma half-life of 
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pethidine in the newborn estimated from the fall in 
concentration between 1:5 h and the time of the 
last sample at 11-24 h was 17-9 +4 10-0 h, con- 
firming that transplacentally-acquired pethidine is 
only slawly eliminated by the newborn. The umbili- 
cal venous plasma pethidine concentration, mean 
153 + 55 ng/ml, was not significantly correlated 
with the time between drug administration and birth, 
but there was a significant correlation between the 
concentration in capillary plasma 0:5 and 1-5 h 
after birth, and this interval r—0-70, P «0-001 and 
r-0-52, P<0-01 respectively. The plasma levels 
at 0-5 h after birth in babies whose mothers received 
the drug <i h (n=11), 1-2 h (n—18), and 2-4 h 
(n-—8) before the birth were 39 + 9, 104 + 33, and 
150 — 93 ng/ml respectively, and at 1-5 h the 
levels were 36 + 12, 90 + 30, and 111 +7 ng/ml 
respectively. These results are compatible with 
previous urinary studies and indicate that equili- 
bration between fetal tissues and maternal blood 
levels after intramuscular administration of the drug 
to the mother may take several hours. They also 
confirm that the baby is at greatest risk of pethidine 
depression of respiration when the drug is given 
to the mother between 3 h and 1 h before delivery. 


An evaluation of cord blood tests used to predict the 
severity of ABO haemolytic disease of the newborn. 
J Whyte and H Graham (introduced). Bellshill 
Maternity Hospital, Bellshill. 


A. prospective study of 71 infants of ABO incom- 
patible (heterospecific) pregnancies and 71 (homo- 
specific) controls was undertaken to ascertain which 
cord blood investigations would most accurately 
predict the clinical severity of ABO haemolytic 
disease. The elution test, which detects sensitisation 
of fetal red cells by immune anti-A and anti-B 
antibodies, had no clinical value in the absence of a 
positive direct antiglobulin (Coombs’s) test. The 
Coombs's positive group of infants differed from all 
cthers by virtue of a higher mean cord serum 
bilirubin level (P<0-05) and a greater incidence of 
treatment by phototherapy and exchange trans- 
fusion (P<0-001). Also, the mean cord blood 
haemoglobin level and mean reticulocyte count 
differed significantly from those of the control group 
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(P«0:02). Cord blood reticulocyte counts by 
themselves had no predictive value and cord blood 
haemoglobin levels were similarly unhelpful. The 
previously reported relationship between high values 
of cord serum bilirubin and the severity of the 
ensuing jaundice in heterospecific infants was con- 
firmed but a similar relationship was demonstrated 
in the homospecific controls. The direct antiglobulin 
test and the cord serum bilirubin level used in 
conjunction provide the most reliable means of 
identifying affected infants and predicting their 
clinica] course. 


Androgen metabolites and brain performance. 
W Hamilton. Department of Child Health, Univer- 
sity of Glasgow. 


In patients with the complete testicular feminising 
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syndrome (4), the XO/XY syndrome (4), female 
trans-sexualism (4), and testicular agenesis (5), human 
chorionic gonadotrophin tests of 3 days' duration 
were performed and plasma and urinary testosterone, 
urinary excretion of Sa-androstane-3a, 17Q-diol 
(5a-ASD), 58-androstane-3a, 178-diol (58-ASD), 
and epiandrosterone before and after stimulation 


were measured. In addition, corticosteroid trans- ` 


formation was examined by incubation studies 
using human fetal brain tissue. The combined 
results showed that Sa-ASD is an important 
peripheral androgen metabolite in both sexes and 
that cells in important areas of the brain use this 
compound to resynthesise active hormone com- 
pounds. Thus, the nature of peripheral metabolism 
of testosterone could be important in determining 
gender and gender function in terms of thought 
construction and motive. 


Archives of Disease in Childhood, 1980, 55, 80-85 
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: Arthritis after measles 


Sir, 


A very unusual complication of measles was seen in two 
children recently. A 2-year-old healthy boy showed a 
typical measles infection. Two weeks after the onset, he 
suddenly complained of severe pain in the elbows, wrists, 
and knees, with swelling cf these joints; he had several 
erythematous indurations on his arms and back, par- 
ticularly on the left side. Maximum temperature was 
38-5°C. AH symptoms disappeared in 2 days. Measles 
antibody titre 6 weeks after the onset was 1/8, 9 months 
later 1/32. 

A 4-year-old boy developed painfully swollen knees 
and ankles, and a generalised indurated erythematous 
eruption 10 days after typical measles. There was slight 
fever (38-2°C). The symptoms disappeared after about 
12 hours. Measles antibody titre 2 weeks after the onset 
was 1/8, and after 9 months 1/16. The corresponding 
rubella antibody titres were 1/8 and 1/64. 

The boys had had no cantact with each cther. 

About one year later, symptoms had not reappeared 
in either boy. Although articular complications are well 
known after some viral infections, I am not zware of such 
an association with measles. 


ROBERT F M F van HOREBEEK 
J de Troozlaan 10, 

B-8370 Blankenberge, 

Belgium 


Acquired toxoplasmosis in children 

Sir, 

In their letter (Archives, 1978, 53, 829), Williams and 
Savage suggested that ‘co-rimoxazole . . . should be the 
first choice of treatment in toxoplasmosis’. I believe their 
interpretation of their experience is premature and their 
conchision wrong. Have we not vet learned from ex- 
perience with other antimicrobial agents, most recently 
idoxuridine in the treatmeat of herpes simplex encepha- 
litis, to recognise the necessity for appropriately per- 
formed studies before decisions are made on 'drug of 
choice' ? Their patient, as well as many of those reported 
in their references, had the self-limiting, lvmphadeno- 
pathic form of toxoplasmosis. The report by Norrby et 
al is an example. Such cases provide no satisfactory 
information on the usefulness of co-trimoxazole in the 
treatment of patients with toxoplasmosis. It may be that 
this drug combination (co-trimoxazole) will prove 
efficacious, but before it is recommended as ‘the drug of 
choice' for any form of toxoplasmosis (especially in life- 
threatening toxoplasmoss in immunocompromised 
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patients and congenital toxoplasmosis), objective studies 
are needed both in the congenital infection in infants and 
in the acquired infection in adults. 


Reference 


1 Norrby R, Eilard T, Syedhem A, Lycke E. Treatment of 
toxoplasmosis with trimethoprim-sulphamethoxazole. 
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JACK S REMINGTON 

Department of Medicine, 

Division of Infectious Diseases, 
Stanford University School of Medicine, 
Stanford, California 94305, USA 


Incidence of dental caries in coeliac 
children 


Sir, 

Because of our prolonged postal strike, we have only 
recently read the letter from Mr E D Fulstow (Archives, 
1979, 54, 166). We have completed a survey of the 
incidence of decayed, missing, or filled teeth in 33 
coeliac patients, 22 under and 11 over twelve years, 
attending primary schools in Co. Galway. When com- 
pared with the teeth of 68 siblings, there was no signi- 
ficant difference in the incidence of caries. 


M J MCLOUGALIN AND S MCNEILL 
Dental Department, 

Western Health Board, 

Galway, Eire 


B EGAN-MITCHELL AND B MCNICHOLL 
Department of Paediatrics, 

Regional Hospital, 

Galway, Fire 


Sir, 


Mr E D Fulstow recently drew attention to the noncario- 
genic nature of a gluten-free diet in coeliac patients 
(Archives, 1979, 54, 166) and, what is perhaps more 
important, to the possibility of enamel hypoplasia in these 
children. Miller and Smith (Archives, 1979, 54, 566) con- 
firmed the possibility of enamel hypoplasia. 

Out of 252 coeliac patients under long-term follow-up 
in our clinic, nine presented between ages 6 and 9 years 
with slight to severe enamel hypoplasia (other cases 
having been excluded, due to hereditary forms of enamel 
hypoplasia, and to severe caries, which could have masked 
prior enamel hypoplasia but excluding a reliable affir- 
mative diagnosis of the latter). In three out of these nine 
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children, overt vitamin D deficiency rickets was diag- 
nosed concomitantly with their coeliac disease. The ages 
at diagnosis of these three were 7, 10, and 11 months; 
their ages when first symptomatic were 4, 9, and 7 months. 

.In the other six cases, where no overt rickets was 
recorded, the ages at diagnosis were 7, 18, 19, 21 months, 
2 years 4 months, and 4 years 10 months, the ages when 
first symptomatic being 4, 16, 6, 8, 8, and 5 months. We 
are now analysing the time sequences of coeliac disease, 
rickets and, according to the teeth affected and the 
extent of hypoplasia, the possible concordance or dis- 
cordance with the time of mineralisation of the affected 
areas in the diseased teeth. We feel that rickets, even 
when not clinically or biochemically evident, as is often 
the case in untreated coeliac disease, could be relevant to 
the development of enamel hypoplasia. 


D H SHMERLING AND M SACHER 
Kinderspital Zurich, 

University Department of Paediatrics, 
Division of Paediatric Gastroenterology, 
| Steinwiesstrasse 75, 

CH-8032 Zürich 


B WIDMER AND E D BEN ZUR 

Dental Institute of the University of Zurich, 
Plattenstrasse 11, 

CH-8028 Zurich 


Neonatal effects of maternal therapy 
with tricyclic antidepressant drugs 


Sir, 

We read with interest the letter by Ben Musa and Smith 
(Archives, 1979, 54, 405) on withdrawal symptoms, 
mainly instability of body temperature and Jitterness, in a 
neonate affected by maternal clomipramme intake. 

In 1972 we reported on three term infants born of 
mothers who took imipramine during pregnancy. 
Transient, alternating episodes of hypokinesia and jerky 
movements were seen in all three. One baby convulsed on 
day 2. Transient tachypnoea and poor peripheral circu- 
lation were also common findings In 1973 Webster? 
described another baby with similar symptoms. On the 
other hand, Shearer et ai. observed pronounced urinary 
retention in a neonate secondary to maternal ingestion 
of nortriptyline. Our third patient too, was irritable and 
showed ‘belly dance’ movements before voiding. Although 
hypothermia is only mentioned by Ben Musa and Smith, 
it is noteworthy that Wattiaux-De Coninck et al.* could 
demonstrate the fixation of radioactive imipramine on 
mitochondria. The action of imipramine on oxidative 
phosphorylation, and hence on thermogenesis, could 
explain the occurrence of hypothermia in some of the 
affected neonates. 

Present data suggest that tricyclic antidepressant drugs, 
given to the mother during pregnancy, may impair the 
adaptation of the neonate to extrauterine life. 
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Diagnosis and management of folate 
deficiency in low birthweight infants 


Sir, 

I read with interest the paper by Strelling et al. (Archives, 
1979, 54, 271). Although the erythrocyte folate levels sug- 
gested folate deficiency, the babies were too young to 
have megaloblastic anaemia. Herbert! showed that serum 
folate level decreases early (about 7 weeks) and it takes 
nearly 19 weeks for the real megaloblast to appear in-the 
bone marrow. 

The mean reticulocyte count for the babies was 2-64% 
(range 0 to 6, Table 1) which would not be expected in 
real megaloblastic anaemias. The rise of Hb and haemato- 
crit values (such as 0-3 and 1%) in 2 to 4 weeks’ treat- 
ment are well below a response to treatment.* 

Because of the feeding history (including iron sup- 
plement), the ages of the babies, and the slightly high 
reticulocyte count for age, I should like to see studies 
(such as hydrogen peroxide test and vitamin E levels) to 
exclude vitamin E deficiency. It is well known that 
megaloblastic changes of erythroid precursors occur in 
haemolytic anaemias regardless of the cause. 
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SINASI OZSOYLU 
Institute of Child Health, 
Hacettepe University, 
Ankara 11191, 

Turkey 


Drs Strelling and Goodall comment: 


Professor Ozsoylu expresses doubts on theoretical 
grounds that our patients could have had megaloblastic 
anaemia related to folate deficiency when aged only 5 to 


82 Correspondence 





Figure. The centre of this fied shows a finely stippled 
haemoglobinised megaloblast. Buffy-coat smear from 
Case 2. x 900. Stained Leishman. 


12 weeks. We should like to reassure him that the megalo- 
blastic changes were unequivocal. The figure (Case 2) 
shows an undoubted megaloblast which was fully hae- 
moglobinised. This was one of 82 such cells found in 
a buffy-coat smear made from approximately 50 ul 
blood. The time-scale at which a poor folate intake 
produces megaloblastosis is very different when a healthy 
adult physician! is compared with rapidly growing tiny 
babies whose folate requirements may be relatively much 
greater.* The megaloblastic preterm infants described by 
Gray and Butler? were even younger (3 to 6 weeks) and 
other affected babies have been under 12 weeks. *^5 

We found, as have others,? that a mild reticulocytosis 
was common in preterm infants in the first 3 months and 
was unrelated to megaloblastosis. Even so, the mean 
value (2-697) in our groups of both normoblastic and 
megaloblastic infants was below that reported by Oski 
and Barness,’ and Ritchie et al.,8in infants with haemolytic 
anaemia due to vitamin E deficiency, namely 8-2 and 
6-1 25 respectively. 

The rate at which Hb rose after treatment with folic 
acid would be modified by physiological factors in 
infancy, such as growth and ccncomitant expansion of 
plasma volume, and should not be compared with that 
expected in an adult. Nevertheless, the falling Hb in each 
affected infant was invariably reversed after folic acid, 
even though in some the dose was probably suboptimal. 

We are aware that lack of vitamin E has been sug- 
gested as a cause of megalobiastic anaemia in mal- 
nourished infants but even in the cases described by Majaj 
et al? folate deficiency was not completely excluded. 
Perhaps lack of vitamin E may affect the uptake of 
folate through cell membranes although in the vitamin 
E-deficient infants described by Oski and Barness,? and 
Ritchie et al.8 the bone marrows examined were normo- 
blastic. 


In our infants treatment with folic acid but no other 
addition to diet was followed within a few days by 
complete normoblastic change associated with a reticulo- 
cyte response. As our facts do not fit with Professor 


Ozsoylu's theories, we suggest the theories be changed to f 


fit the facts. 
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Department of Paediatrics, 
Plymouth General Hospital, 
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H B GOODALL 
Department of Pathology, 
Ninewells Hospital, 
Dundee, Angus 


Sodium nitroprusside and RDS— 
primum non nocere 


Sir, 

There have been two reports on the use of sodium 
nitroprusside (NaNP) to reduce pulmonary vascular 
resistance in severe respiratory distress syndrome 
(RDS).1~* This new indication for an old drug repre- 
sents an innovative pharmacological approach to the 
treatment of pulmonary hypertension in the newborn. 
However, several aspects of this drug must be evaluated 
before the apparent success reported leads to widespread 
use in nurseries. As most neonatal therapeutic tragedies 
have occurred due to altered drug metabolism and dis- 
position in the newborn infant, this aspect needs to be 
investigated urgently. 
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lhe metabolism of the drug has been studied in 
animals and adults. It 1s a salt of ferric cyanide with 
nitric acid, containing five cyanide (CN) molecules which 
are released nonenzymatically when the drug reacts with 
haemoglobin and blood, and tissue sulphhydryl groups. 
One free CN reacts with methemoglobin forming cyano- 
methemoglobin and the remaining four free CN are 
metabolised through other pathways. Most of the free 
CN is converted to thiocyanate, in the presence of thio- 
sulphate, via the hepatic and renal rhodanase systems. 
Thiocyanate is then excreted unchanged by the kidney, 
with a half-life of about one week in man. The free CN 
not rapidly converted to thiocyanate or carried 1n blood 
by erythrocytes binds to tissue cytochrome oxidases 
producing cytotoxic hypoxia resulting in cellular anaero- 
bic metabolism. This is manifested by severe lactic 
acidosis, base deficits, increasing mixed venous oxygen, 
and subsequent death. As free CN binds rapidly to 
tissues and as erythrocyte CN has no toxic importance, 
- measurement of blood CN concentration will not 
accurately reflect the degree of toxicity. Thiocyanate is 
also potentially toxic and fatalities are reported at 
significant plasma concentrations (20 mg/100 ml). Since 
detoxification of CN to thiocyanate is slow, significant 
concentrations of this metabolite will only appear after 
chronic administration of the drug. 

Even though early detection of toxicity of this potent 
drug 1s necessary, serial measurements of CN and thio- 
cyanate may not be helpful. Several investigators have 
recommended monitoring of metabolic changes (lactic 
acidosis, base deficits, and increased mixed venous oxy- 
gen) caused by anaerobic metabolism as the most sen- 
sitive and accurate indicators of early toxicity 374 How- 
ever, this may be particularly difficult to assess in a 
neonate who ts already hypoxic and acidotic from on- 
going RDS. 

No data have been published about rhodanase activity 
and endogenous thiosulphate availability in the pre- 
mature newborn. Moreover, since good nutritional status 
is required for endogenous thiosulphate availability, 
the poor nutritional status of these infants will further 
compromise the detoxification process. Other compounds 
—Such as nitrate, thiosulphate, and hydroxocobalamin— 
have been reported to be protective against CN toxicity 
by supplying alternate metabolic pathways for CN.5 9 
It is possible that pretreatment with these compounds 
exerts similar protection against CN toxicity in the 
neonate. Further investigation is needed, particularly onan 
evaluation of the pharmacology of these agents in the 
neonate, 

Even though NaNP is a potent hypotensive drug, there 
are no specific dose recommendations based on dose- 
response or kinetic data. In children," 8 it has been used 
with a broad range (0 5-12.0 ug/kg per min), the 
objective being to reduce the existing blood pressure to 
the desired level or to provide a ‘dry field’ for surgery. 
Toxicity also depends both on the rate of infusion and on 
the total amount of infused drug. In the newborn, 
Beverley et al.? used 120 ug/kg per hour rate or 2-88 mg/ 
kg per day which equals the LDso in rabbits and is 
close to an approximate LDso in humans (3-6-12 mg/ 


kg)? 


* 
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With so many uncertainties, the use of this drug in an 
attempt to reduce pulmonary vascular resistance in the 
newborn is not yet warranted. It is a toxic drug that has 
not been adequately studied in the newborn. Further 
studies to define metabolism, disposition, and toxicity 
in the newborn animal are needed before investigative 
studies on human neonates are performed. Later, 
prospective controlled studies on efficacy, pharmaco- 
dynamics, kinetics, and toxicity are necessary before this . 
drug is used routinely in the human neonate. If a criti- 
cally ill neonate treated for several days with NaNP for 
RDS were to succumb, the role of CN poisoning as a 
contributing factor to mortality might be a possibility. 

More knowledge about this drug 1n the neonate must 
be obtained before it 1s used tn infants with RDS. The 
rational and safe use of a drug such as NaNP can only 
be derived from adequate pharmacological studies in 
adult and newborn animals and human subjects. 
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Methods for improving the prognosis 
of mechanically ventilated infants 

with RDS 

Sir, 

Manginello et al. (Archives, 1978, 53, 878) stated that in 


- the ventilatory treatment of infants with severe RDS 


the pressure-limited method of ventilation was better 
than that of volume-cycled, as with the former, the 
Fyo, could be reduced more rapidly and complications 
or death were less common. We obtained similar improve- 
ments using volume-cycled ventilation but with a 
different approach.+ 

We studied 56 newborn infants who were given 
mechanical ventilation for severe RDS between 1973 
and 1976. Only the most severely affected infants were 
intubated and given mechanical ventilation. About half 
of these babies were apnoeic on admission; the others 
were ventilated because of progressive and severe 
deterioration of their clinical status or because of their 
blood-gases. Arterial pH, Po,, and Pco, were the only 
indications for mechanical ventilation 1n babies with 
severe hypercarbia, acidaemia, or in those in whom severe 
hypoxaemia persisted despite adjustment of continuous 
distending pressure and FIO, 

During the years 1973—74 we gave mechanical venti- 
lation to 31 infants with severe RDS and respiratory 
insufficiency using a volume-cycled ventilator (Bourns LA 
104—150) in the controlled mode, with tidal volume of 
5 ml/kg, respiratory rate of 60-80 min, positive end 
expiratory pressure (PEEP) of 3-7 cmH,O and I:E 
ratio of 1 : 1-1 :2. Mortality was 74%, pneumothorax 
or pneumomediastinum, or both, occurred in 23% of 
cases, and bronchopulmonary dysplasia was present in 
67% of survivors. 

In our attempts to improve the prognosis for 
mechanically ventilated infants with RDS we noted that, 
during the acute phase of the disease, if we changed from 
the controlled to the assisted mode (in which the venti- 
lator cycle is triggered by the patient's inspiratory effort) 
there was often a significant ris2 of Pao,. This phenomenon 
had already been described in infants with RDS venti- 
lated mechanically without PEEP.? Nevertheless Llewellyn 
and Swyer did not correlate the better oxygenation 
obtained with this method with changes in the prognosis 
in their patients. At the beginning of 1975, after we had 
made this observation, infants were set on a Bourns 
ventilator (ventilator setting the same as during 1973-74) 
with 10097 oxygen in controlled respiration as long as 
arterial pH was «7-30 and Pao,<50-60 mmHg (6-6— 
7-9 kPa), and we changed to the assisted mode as soon 
as pH and Pao, attained better values and the patient's 
respiratory activity was sustained. The patient no longer 
had to struggle against the ventilator, there was improved 
oxygenation, and the infant was able to regulate the 
respiratory rate according to his own needs. With this 
approach it was possible to lower the Fro, and to extu- 
bate the patient more rapidly. During 1975-76 we venti- 
lated 25 neonates with severe RDS in this way, with a 
fall in mortality rate to 48% and with an incidence of 


pneumothorax cr pneumomediastinum, or both, of 8%, 
while bronchopulmonary dysplasia was found in only 
8% of the survivors. The difference in mortality and 
bronchopulmonary dysplasia figures in the two study 
periods was significant (P<0-05). The infants were similar 
in respect of birthweights, gestational ages, and severity 
of respiratory disease 

We believe that the main advantages of ventilating 
patients with severe RDS with a volume-cycled venti- 
lator using the assisted (triggered) method are that the 
baby does not have to struggle against the ventilator, 
the respiratory rate 1s automatically regulated, the respi- 
ratory centres are continuously activated during the whole 
ventilation time, and finally, it is quicker and easier to 
wean the baby from the ventilator. 

We suggest that before a final conclusion is made on 
the superiority of pressure-limited mechanical ventilation 
in RDS, controlled trials should be done to compare 
pressure-limited ventilation with other methods of 
volume-limited ventilation (including the use of PEEP in 
assisted ventilation with trigger). 
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Acute infantile thrombocytosis and 
vitamin K deficiency associated with 
intracranial haemorrhage 


Sir, 

The paper by Lorber et al. (Archives, 1979, 54, 471) was 
especially interesting to me because of my obser- 
vation of thrombocytosis in a 2-month-old infant (to be 
reported) in whom pronounced vitamin E and vitamin D 
and probable vitamin K and vitamin A deficiency 
(slightly prolonged prothrombin, partial thrombo- 
plastin time, and very low carotene level) were shown. 
Because other causes of thrombocytosis of infancy were 
ruled out, infantile hyperostosis was sought and was 
proved by x-ray. 

Since thrombocytosis in infancy has been reported in 
patients with Caffev's disease," * possibly related to 
vitamin E deficiency,? we suggest that at least a hydrogen 
peroxide haemolysis test (which was also positive in our 
case) should be carried out in all patients with infantile 
thrombocytosis in whom the aetiology is unknown. 


m. 


Nen, 


* 


Because of intracranial bleeding the head x-ray should 

be available to help in the diagnosis of Caffey's disease. 

Probable vitamin K deficiency suggests that the level of 

other lipid soluble vitamin levels should also be deter- 
mined. 

SINASI OZSOYLU 

Institute of Child Health, 

Hacettepe University, 

Ankara 11191, 

Turkey 


Dr Lilleyman comments: 


We were interested in Professor Ozsoylu's observations 
concerning our patient with intracranial bleeding and 
thrombocytosis! and confess that at the time we did not 
consider the possibility of infantile hyperostosis or vitamin 
E deficiency being present, although we acknowledge 
that both conditions have been found in patients in whom 
the platelet count 1s high. 3 

Against the diagnosis of Caffey's disease in our patient 
was the absence of fever and the fact that there were no 
characteristic mandibular or clavicular swellings; as there 
were no clinical stigmata of the disorder no x-rays were 
obtained. 

As far as vitamin E deficiency 1s concerned, we can only 
say that the reticulocyte count was not recorded above 
374 at any time, and the characteristic irregularly con- 
tracted erythrocytes of the associated haemolytic anaemia 
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were not noted. Also our patient was a term baby of 
2-86 kg, whereas those described with vitamin E defi- 
ciency associated thrombocytosis have been premature 
with birthweights of 1-5 kg or less.? None the less, we did 
not measure tocopherol levels or perform a peroxide 
haemolysis test and so cannot be absolutely certain 
about this point. 

We agree that these two conditions should be con- 
sidered when thrombocytosis occurs in infancy but are 
tempted to observe that their discovery would make the 
genesis of a high platelet count no less puzzling. 
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The First Words Language Programme. 
A basic language programme for mentally 
handicapped children. By Bill Gillham. 
(Pp. 83; illustrated + tables. £6-00 
hardback, £2.95 paperback.) George 
Allene and Beaconsfield Publishers: 
Beaconsfield. 1979. 


This book gives a description of the 
language programme being developed for 
handicapped children at the Nottingham 
Development Research Unit. The pro- 
gramme is designed for use by parents, 
teachers, psychologists, etc., particularly 
at that stage in the child’s language 
development when he is just begining to 
understand language but is using no 
speech or only a few words. It is therefore 
not suitable for children at a preianguage 
stage of development or for those with 
rather more advanced language skills. 
The methods of teaching are described in 
great detail with many illustrations; the 
vocabulary taught is based on those words 
which occur most commonly in the 
developing language of normal children 
and also in some children with Dcwn's 
syndrome. The mentally handicapped 
child is therefore being taught a develop- 
mental vocabulary list in a structured way 
using a variety of play techniques, all 
very clearly illustrated. I found this book 
interesting and useful and it should 
interest all those who teach language to 
young mentally handicapped children. 
«However, the book does state that a 
thorough assessment before starting such 
i language programme 1s essential, not 
mly to judge the level of the child’s 
sxisting language development out to 
ook for other handicaps particularly 
‘isual and hearing ones. I thererore 
eel that such a programme should be 
'onducted under the guidance of some- 
me who is an expert in assessing all 
spects of the handicapped child and I 
aink that parents would find it difficult to 
se the book without help and guidance. 
a comparison with other language train- 
ig programmes for the more severely 
andicapped, this one has advantages in 
he care with which the language has been 
hosen and also in the methods in which 
is taught. One disadvantage is that 
ther aspects of development and behaviour 


are not covered by this programme as 
they are, for example, in the Portage 
Programme. 

GILLIAN BAIRD 


The Liver and Bilary System in Infants 
and Children. Edited by R K Chandra. 
(Pp. 341; illustrated + tables. £20-00 
hardback.) Churchill Livingstone: Edin- 
burgh. 1379. 


Hard on the heels of Alex Mowat's 
excellent book Liver disorders in childhood, 
this new volume appeared on my desk. 
In the publisher's prose, it is ‘written by 
an international group of 24 highly 
respected authorities and it 'compre- 
hensively covers normal hepatobiliary 
structure, function, and disease’. The 
contributors are from Canada, India, 
Nigeria, the UK, and the USA. The 
chapters do not overlap although their 
titles and order are at first rather con- 
fusing. Thus, the introductory chapters 
on normal structure and hepatic function 
are followed by a brief account of liver 
blood supply, a descripticn of symptoms 
and signs of hepatobiliary disease, a 
succinct review of jaundice, an erudite 
guideto evaluation of hepatic function, and 
a brief but lucid introduction to the patho- 
logical morphology of the liver. A good 
deal of liver disease has already been 
dealt with en passant by tkis stage, which 
is. nearly halfway through the book. 
The succeeding chapters deal with 
specific entities: acute viral liver injury, 
fulminant liver failure, chronic liver 
disease, metabolic liver disease, hepatic 
metabolism of drugs and drug-induced 
liver injury (did you know that ampicillin 
may cause the AST to be raised or that 
fatal liver damage can follow barium 
enemas?), infections and infestations, 
nutritional liver disease, immunology of 
liver disease, portal hypertension, surgery 
of the liver, gall bladder and bile ducts, and 
a final chapter on miscellaneous dis- 
orders. It would be invidious to single out 
specific chapters, although clearly each 
varies somewhat in usefulness as a clinical 
guide or source of reference. I have 
found the book helpful in clarifying the 
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present state of knowledge about com 
plicated subjects, such as the various 
hepatitis B particles and antibodies, and 
the significance of a-1 antitrypsin pheno- 
types. It 1s up to date, with references as 
recent as 1979: a tribute to editor and» 
publisher alike. Faced with the difficult 
choice between this book and Mowat’s 
I thank the editors of the Archives for 
kindly sending me a copy of each! For the 
Jess fortunate who must purchase his 
own (reasonably priced for the quality of 
materia] and presentation), I can only 
say that you will not go wrong witty 
either. 
J A DODGE 


Modern Topics in Paediatric Dermatology. 
Edited by Julian Verbov. (Pp. 220; 
illustrated + tables. £11-50 hardback.) 
Heinemann Medical: London. 1979. 


Paediatric dermatology is emerging in 
some countries as an independent 
specialty, and although the desirability 
of such a development may be questioned, 
it must be admitted that skin diseases 
in children may present special problems 
in diagnosis and management. In his 
preface to this latest volume in Heine 
mann’s Modern Topics series, the editor 
tells us that he asked his contributors” 
to help him produce a book ‘of practical 
use with wide appeal containing some- 
thing of interest to paediatricians, family 
practitioners, school medical officers, as 
well as dermatologists’. It is difficult to 
write on a specialised subject in such a 
manner as to inform and interest indi- 
viduals who differ so widely in their 
training, knowledge, and experience. It 1s 
possible to do so 1f the field to be covered 
ig not too extensive so that the recent 
literature can be selectively and critically 
reviewed and interpreted. Notably suc- 
cessful chapters in the book are ‘The 
child and light’ by Frain-Bell, ‘Blistering 
disorders’ by Bleehen and Harrington\~ 
‘Skin disorders in 1mmunodeficiency' by 
Webster and Wood, and ‘Steroids and 
growth’ by Harris. However, when an 
author is asked to cover too large a 
subject in a very limited space he has only 


wo choices: he can adopt an elementary 
pproach, and is then liable to provide no 
nore information than can be found ın a 
ffudent’s textbook, or he can aim at 
somprehensiveness and run the risk of 
»roducing a mere catalogue of diseases. 
Almost all the remaining 11 chapters 
ave suffered because their authors have 
zeen obliged to range too widely. For 
xample, Savin is allowed 11 pages (less the 
space occupied by 8 halftones) to cover all 
infections and infestations. It is greatly to 
*his credit that the chapter 1s readable and 
informative, but it would have been far 
more so had he been asked to cover only 
one disease, or a small group of related 
diseases. 

Most chapters have adequate up-to-date 
references, but one gives no references 
whatever, and some give few that are 

ent. In view of the wide readership to 
which this book is addressed, ıt would 
have been helpful had each author listed 
one or two standard monographs for the 
guidance of his nondermatologist readers. 
Forexample, thechapter on 'The newborn' 
could have drawn attention to Solomon 
and Esterly's Neonatal dermatology (1973), 
of which a new edition 1s in preparation. 

Despite these weaknesses, this book 
does indeed contain something of interest 
to all who are concerned with the treat- 
ment of skin diseases 1n children. 


ARTHUR ROOK 


The Prevalence of Illness in Childhood. 
report of the British Births Child Study 
ort illnesses and hospital experiences 
‘of children during the first three-and-a- 
half years of life. By R N Chamberlain 
and R N Simpson. (Pp. 142; illustrated +- 
tables. £15-00 hardback.) Pitman 
Medical: Tunbridge Wells. 1979. 


This monograph 1s based on the British 
Births Child Study, and records some of 
the important medical conditions and 
events in a sample of the children born 
in April 1970 and followed to age 34 
years. Information is given on their 
hospital experiences and on the incidence 
or prevalence of, for example, congenital 
malformation, infective diseases, respir- 
atory disorders, convulsions, and acci- 
^ents. Some stnking facts emerge— 
half the children had attended hospital 
as out- or inpatients, and 20% had had 
hospital admissions. About 30% had had 
accidents for which hospital attention 
was sought 


The book is a mine of information for 
paediatricians interested in knowing 
how often the disorders they see occur 
in the child population at large. I found it 
of great value in supplementing and bring- 
ing up to date an introductory lecture to 
students starting their paediatric course. 

However, paediatricians may have some 
doubts about the study which only an 
epidemiologist can answer. Cohort studies 
are time-consuming and difficult; the 
authors have described the difficulties with 
a degree of detail and honesty which 
sometimes makes the simple figures on 
prevalence hard to extract. Here are some 
of the problems. The original study was 
based on all 16955 babies born alive in 
the UK in one week in April 1970. From 
these a random 10% sample was selected 
for follow-up, and the children of single 
mothers were then excluded ‘because of 
the difficulties involved in tracing and 
examining them’. The sample followed 
therefore consisted of 1609 children. 
The authors admit that this ıs a small one 
for ascertaining the frequency of rare 
conditions; but actually the numbers of 
children it produces even with relatively 
common conditions are not impressive. 
Thus hypospadias detectable at birth 
seems to have vanished. There were 41 
children with febrile convulsions sug- 
gesting (with some ifs and buts) an 
incidence of 3-7%. This figure corres- 
ponds well with that from other studies, 
but the total number 1s far too small to 
analyse much further, in the way that has 
been done so fruitfully with the 1706 
children from the American Collaborative 
Project who had febrile convulsions and 
were followed to age 7. 

I had greater worries over the nature of 
the sample, the completeness of the 
follow-up, and the methods of collecting 
information. Children of single mothers 
constitute a wholly disproportionate 
volume of the work of a paediatric 
department, especial in an inner city 
area, and their exclusion from the sample 
must bias the findings. The information 
in the study is based on examinations 
(and histones) made at ages 2 and 34, 
but for each of these examinations only 
about 70% of the children were available. 
Finally, much of the information is based 
on what the mothers remembered of their 
children's illnesses, and this information 
must be more accurate for some Ulnesses— 
and some mothers—than for others. With 
these uncertainties, one cannot help 
doubting the validity of findings which 
seem quite unexpected—such as that 
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social class seems to have little effect on the 
Incidence of respiratory disorders or of 
accidents (although children of working 
mothers were much more prone to 
accidents). 

However, there is much in this book to 
interest the paediatrician, particularly the 
community paediatrician. It will be the 
starting point for many wishing to -know 
or to study the prevalence of disorders of 
young children. 


ROGER ROBINSON 


A System of Newborn Physicial Examina- 
tion. By J W Scanlon, T Nelson, 
L J Grylack, and Y F Smith. (Pp. 96; 
illustrated -+ tables. £5.50 paperback.) 
MTP Press: Lancaster. 1979. 


This book is an account of the authors’ 
idiosyncratic approach to the examination 
of a newborn infant. Nine chapters 
describe the examination of particular 
parts of the body, including a whole 
chapter on the eye. There are further 
chapters on gestational age assessment, 
examination in the delivery room, and 
behavioural evaluation. 

Although the authors are presumably 
not attempting to describe the examination 
of the ill infant—for example, the early 
and subtle signs of severe disseminated 
infection or meningitis are not mentioned 
—it 1s virtually impossible to describe 
some physical signs, such as oedema or 
hepatosplenamegaly, without alluding to 
signs of disease. This causes uneveness in 
emphasis—why mention broken bones 
and the sigus thereof without discussing 
osteomyelitis or arthritis? Why mention 
epispadias without torsion of the testicle? 
It also limits the value of the book to 
medical staff who do, after all, have to 
examine sick neonates as well as healthy 
ones. 

Provided that it ıs the normal neonate 
that is being examined, the descriptions 
are unnecessarily detailed for the house- 
man or resident doing routine neonatal 
examinations. What practising neonatolo- 
æst really spends 10 minutes doing a 
normal neonatal examination, including 
5 minutes for a fundoscopy? Is such a 
complex gestational assessment score 
necessary, particularly when much simpler 
and equally accurate ones exist? Do we 
really need yet another set of neonatal 
behaviour scores of dubious prognostic 
value? Is it really necessary to examine the 
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chest in detail ın a normal baby; I doubt if 
I have detected physical signs in ths chest 
of an asymptomatic infant. 

For those doing normal examinations 
the book lacks direction about what parts 
are really important—namely, dislocated 
hips, congenital heart disease, or cataracts 
—which will not have been obvious to the 
mother who will have already been over 
the child with a fine tooth comb— but 
which nevertheless require treatment. It 1s 
particularly sad that it is not stated that 
such” examinations should be done with 
the mother present. 

There are several small irritating 
inaccuracies or inconsistencies. In chapter 
6 the red blotches at the nape and the 
glabella are described as haemangiomata, 
yet this aetiology is denied in chapter 8. 
The harlequin colour change is not 
dependent lividity; acrocyanosts is not 
cyanosis of the face and scalp. 

Although the book contains much 
useful information, the inaccuracies and 
lack of direction make it unsuitable as an 
introduction to normal neonatal examina- 
tion, and there is insufficient data for it to 
be of value for those caring for the sick 
infant. 

N R C ROBERTON 


Understanding ECGs im Infants and 
Children, second edition. By L C Harris 
and Ellen Feinstein. (Pp. 109; illustrated 
+ tables. $12-50 paperbeck.) Little 
Brown: Boston. 1979. 


Although this book is written exclusively 
about electrocardiograms in infants and 
children, the authors begin by explaining 
the basic principles of electrocardio- 
graphy. The explanation oi the calcu- 
lation of the axis of the electrocardiogram 
—so useful in paediatric cardiology— 
is clear and well illustrated. There are 
many examples and tests so that the 
reader can be certain he has understood 
the lesson. The vector approach is likewise 
carefully described with many clear 
illustrations. I found the practice of 
phrasing the questions in multiple choice 


format irritating and unnecessary; it 
would have been better to use the space 
to allow ECG tracings, and comments 
relevant to them, to appear on the same 
page. 

The typical ECG records in the common 
simple congenital heart lesions are shown 
and the criteria for right and left ventric- 
ular hypertrophy are listed. The tables 
at the end of the book give normal 
standards for infants and children up to 
16 years. There 1s also a good section on 
dysrhythmias and ECG changes in 
electrolyte disorders, once again with 
many examples of tracings. 

It is a pity that the clear diegram of an 
ECG complex at the beginning has the 
S-T segment wrongly labelled and that the 
final test for the reader at tbe end of the 
book has an ilustraton of Wolff- 
Parkinson-White syndrome type B labelled 
as type A. Small points, bat worrying 
to the reader. 

This book is particularly suitable for 
house officers and paediatricians in 
training. They will not find a clearer or 
better illustrated text on children’s 
electrocardiograms. 

O SCOTT 


Shorter notices 


Multiple Choice Questions cn Paediatrics. 
By Roy Meadow. (Pp. 60. £1-90 paper- 
back.) Blackwell Scientific: Oxford. 1979. 


A useful little paperback containing 175 
multiple choice questions and 12 brief 
case histories with questiors on diagnosis 
and management. The MCQs are well 
constructed and in the form familiar to 
most British examinees, and there is 
unusually little to quarrel with in the 
content or answers. Helpful to the 
potential examiner or examinee; but also 
of some genuine educational value to the 
student learning or revising paediatrics 


Paediatric Orthopaedics and Fractures, 
second edition, in two volumes. By 
W J W Sharrard. (Pp. vol. 1, 740; vol. 2, 
922; both with index. Illustrated + tables. 


£70-00 for the two volumes, hardback 
Blackwell Scientific: Oxford. 1979. 


In the 8 years since this work was firi 
published, the number of pages he 
increased by half, ıt now appears “In tw 
volumes, and the cost has risen more tha 
4-fold. The whole subject of paediatri 
orthopaedic surgery and  orthopaedi 
trauma is still covered by one surgeor 
The increase in content 1s to bring th 
problems of paediatric orthopaedic sur 
gery up to date and to increase the use 
fulness of the text by giving more detail 
of operative techniques. Moreover, b' 
extending the list of references and th: 
illustrations, the value of the volumes ha: 
been increased by making the catalogui 
of diseases, and the literature about them 
more complete. Sharrard has maintainec 
the high standard set 1n the first edition, 
The standard of presentation and the 
care with updating the material wil 
ensure that this edition will be one o! 
the standard books of reference foi 
orthopaedic surgeons and those ip 
training, and that future editions will be 
awaited with pleasure. 


A Scheme of Paediatric Neurological 
Investigation. By Nicholas Cavanagh. 
(Pp. 48; paperback.) Obtainable free of 
charge from Geigy Pharmaceuticals, 
Wimblehurst Road, Horsham, West 
Sussex RH12 4AB. 1979. 


A small, attractively produced booklet 
listing the investigations worth considering 
in children with common neurologgal 
probiems such as fits, mental subnor- 
mality, and acute encephalopathy. Based 
on practice at The Hospital for Sick 
Children, Great Ormond Street. Notes 
explain the reasons for the tests where 
these are not obvious. Because tests 
which may rarely be relevant, as well as 
mandatory ones, are included, the list 
must be used with discretion to avoid 
investigatory excesses. The reader must 
also note that certain specified problems 
are not covered. A very useful compila- 
tion, of value to the paediatric senior 
house officer and his seniors. 
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Review article 


Drug level monitoring in paediatric practice 


GEORGE W RYLANCE AND TERENCE A MORELAND 
Department of Child Health and Department of Pharmacology and Therapeutics, University of Dundee, 


Ninewells Hospital and Medical School 


A knowledge of the concentration of a drug in blood 
or other tissue fluid is now considered an important 
and sometimes essential part of the therapeutic 
management of various conditions. Its importance 
has increased as information showing wide inter- 
individual variation in drug response has become 
recognised. Such variation arising from differences in 
absorption, distribution, and elimination appears to 
be greater during development, and yet many drugs 
åre still prescribed for children in doses calculated by 
scaling down adult doses according to weight or 
surface area.! 

This conventional dose approach is satisfactory 
only for drugs with a large therapeutic index (the 
difference between therapeutic and toxic drug levels is 
wide). Doses of most drugs need to be individually 
tailored according to the child's particular require- 
ments. Titration of dose to the therapeutic response 
is the best means of achieving this. However, this 
approach is unsuitable for most of the commonly 
prescribed drugs in children (antimicrobials, anti- 
convulsants, anti-inflammatory agents, cardiac 
glycosides) as the response to these is not readily 
clinically evaluated, and there may be a sub- 
therapeutic or toxic response. As a result, drugs may 
be discarded as useless or too toxic. 

For many drugs, there is a close relationship 
between plasma leve] and therapeutic effect, and the 
value of knowing the plasma level has been proved 
for a number of drugs (Table 1). Although fewer 
data are available for these drugs in children, in the 
case of most drugs the plasma level—therapeutic 
response relationship will be better than that 
between dosage and clinical effectiveness. However, 
it should be remembered that the clinical effects of 
some drugs cannot be adequately monitored by 
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Table 1 Therapeutic ranges for the more commonly 
used drugs in children 


Drug Therapeutic range (molji, unless stated) 
Children Adults 
Phenytoin 20-8028 40-8030 
48—10029 
Phenobarbitonc 40-10537 40-10536 
Febrile convulsions | — 6039-41 
634 
Primidone Use phenobarbitone 
Carbamazepine 16-5047-30 
Sodium valproate 350—70057 240—48058 
Diazepam 0 7-1 0564-65 
Ethosuximide 280—700€7 
2590-50058 (adults included) 
Digoxin 0 65-2.6 nmol/174 
Theophylline 
Asthma 55-11081-83 
Preterm apnoca 30-7091-92 
Salicylate 1000-180004 
2100-25005 
Gentanucın 
Peak f 15 min post IV Peak 8 0—18 5101-103 
Trough-predose | 60 min post IM Trough <3 7104-105 
Tobramycin 11221116 
Chioramphenicol 30-60117 


concentration measurements, as in the case of 
cytotoxic agents where there is no temporal relation- 
ship between drug level and effect. 


Therapeutic range 


Drug concentrations are usually interpreted by the 
clinician in relation to a known therapeutic range for 
a particular drug or its metabolite(s), or both For 
most drugs, this represents a concentration range 
associated with optimal therapeutic effect without 
undue adverse effects in the majority of patients. 
The ranges suggested for children (Table 1) are in 
most cases simular to those defined for adults. The 
usefulness of such a range may be influenced both by 
the disease process and its severity. Lund? showed 
that the optimal phenytoin level is directly related to 
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the severity of epilepsy, and some patients are likely 
to require concentraticns considerably below the 
accepted range. In additon, if drugs have more than 
one therapeutic effect. the appropriate range for each 
must be used. For example, the plasma salicylate 
range for the treatment of inflammatory conditions, 
1000-2500 umol/l, 1s considerably greater than that 
. required for general analgesia. Alteration in tissue 
responsiveness may also affect the levels required for 
adequate therapeutic effect. In some cases, the usual 
range may prove too high, as in hypokalaemic 
patients receiving digoxin, while in others, a greater 
than usual therapeutic level may be needed in order 
to overcome the effects of drug tolerance. 


Considerations in interpreting drug levels 


Dose regimen. The duration of drug therapy, dosage, 
time since last dose, and dose-frequency must all be 
known. After starting treatment, a drug will accumu- 
late until the amount eliminated equals the amount 
absorbed, at which time a steady-state is reached. 
Uniess loading doses are used, this cccurs after about 
five elimination half-lives Lave elapsed. Drug levels 
determined during the period of accumulation will 
underestimate steady-state concentrations. 

Once a steady-state has been reached drug 
concentrations can fluctua:e significantly between 
doses,? so the dose-frequency and the time since the 
last dose must be known. However, for most drugs a 
2-fold fluctuation in concentration is generally 
acceptable, and this occvrs when the dose interval 
approximates the eliminetion half-life. Even when 
given at this dose-frequenzy, the fluctuation is likely 
to be such that some time is spent with levels outside 
the therapeutic range during a dose interval. Due to 
more rapid metabolism, the half-lives of most drugs 
tend to be shorter 1n children than in adults, and 
because of their different social and sleep patterns, 
frequent drug administration is often impracticable, 
giving rise to greater fluctuation in plasma levels in 
the young. 


Active metabolites. Some drugs form biologically 
active metabolites (Table 2) and the therapeutic 
effect of the prescribed drug may rely on the con- 
tribution from the metabolite. For drugs lke 
methylphenobarbitone and primidone, the steady- 
state level of the active metabolite is considerably 
greater than that of the parent drug.* In such cases, 
measurement of the metabolite instead of the parent 
compound is reasonable as the therapeutic effect 
correlates well with the metabolite concentration, 
although the anticonvulsant effect of the parent drug 
should not be overlooked. For other drugs, such as 
carbamazepine, the pharmacological effect of the 


Table 2 Commonly used drugs in children which 
form active metabolites 








Drug Metabolite 

Alloptrznol Alloxanthine!42 

Amitnptyline Nortriptyline!43 " 
Carbanriezepine Carbamarepine 10, 11-epoxide*-6 
Chioral aydrate Trichloroethanol!44 

Diazepam Desmethyldiazepam'45 
Imipram.ne Desunipramine!4$ 
Methylpbenobarbitone Phsnobarbitone!47 

Prednisone Prednisolone!4 

Primidcnz Phenobarbitonel49 

Proprano.ol 4-Hydroxypropranolol!50 





metabo. ite(s) may be proved in animals,°* but may 
not havz been shown to occur in man. Until further 
work proves the relevance of such metabolites, their 
measurement for everyday clinical practice cannot 
be justified. 


Combination therapy. The concentration of one drug 
may be altered by concurrent use of another, and 
this problem is often seen in paediatric practice as 
multiple drug prescribing is common.^? In these 
circumstences, consideration should be given to the 
possibilit that the level may have been increased or 
decreased as a result of metabolic enzyme inhibition 
or induction, or that the concentration of the free 
(active) d-ug may have been increased by displace- 
ment from protein-binding sites. The effects of 
enzyme induction/inhibition may not be apparent 
for severa; weeks,!? but those relating to changes in 
protein biading usually occur in the first few days 
after a drug is added or withdrawn. Protein binding 
changes are only important for those drugs which are 
highly protein bound—for example, diazepam, 
nitrazepam,!* phenytoin,!*14 sodium valproate,’ 
or in circumstances of abnormal protein binding— 
for example, uraemia!*-1? and liver disease.!? 


Patient compliance. Even when the drug level is 
known and the above points considered, there 
remains tne possibility that the patient is not 
complying with instructions. An undetectable level 
will confirm anxieties about a family's reliability and 
is easier to interpret than when the concentration is 
low but detectable. In the latter case, danger may 
arise when the clinician increases the dose thinking 
that the low level is due to physiological factors 
rather than the result of poor compliance. 


Assay reliability. The reliability of the routine 
laboratory drug assay service cannot always be 
assumed??-2: and interlaboratory quality control 
schemes, such as that set up for anticonvulsants,™ 
should be encouraged. 


r 


Specific drug considerations 


Anticonvulsants are frequently prescribed in 
paediatric practice® and often are given in combina- 
tion. They represent the drug class most commonly 


' amplicated in drug interactions in children, further 


emphasising the need to monitor their levels. 


Phenytoin. The good relationship between phenytoin 
levels and anticonvulsant effect is now proved.? Its 
dose-dependent kinetics in children,?? and adults,4-* 
whereby a small increase in dose results in a dis- 
proportionately large rise in plasma level precludes a 
convenient method for predicting the plasma level 
from dose except perhaps at low concentrations. The 
level at which dose-dependent kinetic behaviour 
begins in children 1s probably lower than in adults?’ 
and is likely to occur throughout most of the 
therapeutic range. Two ranges, 20-80 umol/P? and 
48-100 u.mol/L? have been suggested for children, 
but many clinicians prefer to use the established 
adult range of 40-80 umol/l.? 9 At the low levels 
where elimination is first-order, the plasma half-life, 
a major determinant of concentration fluctuation, is 
short in children??? and large fluctuations in 
concentration may occur even when the drug is given 
at the recommended dose intervals. Two reports 
suggest that fluctuation is relatively small in children 
and adolescents taking phenytoin once daily,?9-?4 
although other workers more recently have found 
large and unacceptable fluctuations on this regimen.?* 


Phenobarbitone. The value of monitoring pheno- 
barbitone levels is considerably less than that of 
phenytoin. The steady-state levels in children after 
the neonatal period are reasonably predictable% and 
tolerance to the drug's sedative effect occurs, as it 
might also do to its anticonvulsant action. A 
therapeutic range of 40-105 umol/I has been given 
for adults,” and children.?? It is difficult to define a 
level above which toxicity is likely, and some authors 
have suggested a higher range?? or given therapeutic 
levels above 60 u.mol/l for children.?97** The results 
of a prospective study suggest that febrile convulsions 
are controlled when the minimum concentration 
exceeds 63 uumol/1,** although others have found this 
to be inadequate.5$? In view of its relatively long 
half-life in infants and children,*4-** the degree of 
concentration fluctuation is likely to be small even 
when given once daily. 


Primidone. This drug is converted to two active 
metabolites, phenobarbitone and  phenylethyl- 
malonamide. These are usually present in con- 
siderably higher concentrations than the parent 
drug, and although primidone itself has some 
anticonvulsant activity,*® most clinicians believe that 


* 
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the use of the phenobarbitone therapeutic range gives 
the best estimate of the drug's clinical effect. 


Carbamazepine. There is no simple relationship 
between carbamazepine dosage and plasma con- 
centration. Several therapeutic ranges have been 
suggested, 179 and it seems that levels of 16-50 
umol/l are likely to be optimal. The half-life in 
children, 4:1-18-3 hours (G W Rylance, D A’ 
Priestnan, T A Moreland, 1979, unpublished 
observation),? 5t is relatively short, and large 
fluctuations in concentration occur when the drug is . 
given at recommended dose intervals.? Carbamaze- 
pine is a potent inducer of both its own!? and other 
drugs’ metabolism.® In children, steady-state levels 
are less than 20% those expected from single dose 
pharmacokinetic studies (G W Rylance, D A 
Priestman, T A Moreland, 1979, unpublished 
observation). The effect of this induction, which 
appears to reach a maximum after 2 to 3 weeks of 
treatment, on the interpretation of carbamazepine 
levels in the early phase of treatment and onthe levels 
of concurrently used drugs, should be considered care- 
fully. For practical purposes, measurement of the 
active metabolite, carbamazine 10,1 1-epoxide, is not 
recommended as its activity and levels are consider- 
ably less than those of the parent drug.5?-54 


Sodium valproate. The usefulness of monitoring 
sodium valproate levels remains in doubt. Two 
childhood studies™58 were unable to correlate 
plasma levels with clinical effect, but other investiga- 
tors have reported a relationship between beneficial 
and toxic effects and plasma levels both in children 
and adults, and therapeutic ranges of 350—700 
umol/l? and 240-480 umol/P9 have been suggested. 
The poor correlation may relate to the mode of 
action of the drug?? or to the pronounced fluctuation 
in drug level which occurs both within a 24-hour 
period? and from one day to the next.9 Routine 
monitoring of sodium valproate in children is not 
currently recommended, although a recently reported 
well-controlled study found superior clinical effect at 
300-350 umol/I compared with that at lower levels,9? 
suggesting that routine monitoring may soon be 
justified. 


Diazepam. There is no established indication for 
diazepam level monitoring,® although two studies in 
children have suggested that anticonvulsant activity 
is associated with concentrations of 0-7-1-05 
umol/i $1795 The fact that different clinical conditions 
require different plasma levels, and that brain 
concentrations of diazepam and its major active 
metabolite, desmethyldiazepam, vary according to 
whether treatment is short- or long-term® may 
explain the poor level/effect correlation. 
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Ethosuximide. Prospective studies give good evidence 
of a plasma therapeutic renge for ethosuximide.7-9 
Within the optimal response range of 280-700 
mol/l, drug levels in children can be predicted from 
the dose given, provided that age is considered. 9? 


Digoxin 


"The use of steady-state plasma digoxin concentra- 
tions as a guide to the drug's clinical effect has 
been widely canvassed in adult practice, "0-72 
although others have questioned this."? Infants, 
who are most likely to require digitalisation, appear 
to tolerate plasma concentrations above the 
optimal adult therapeutic range of 0-65-2-6 
nmol/L"* some workers having found concentrations 
above 4:5 nmol/l without accompanying toxicity,” 
although others have reported toxicity at these 
levels.777? As the maximum inotropic effect may be 
achieved with much lower doses than those usually 
recommended,’*® concentrations within the adult 
range may produce a maximum clinical effect in 
infants. The higher plasma concentrations per unit 
dose found in very low birthweight compared with 
‘normal’ weight babies”? may account for the fact 
that a greater number of ECG abnormalities are seen 
in preterm babies than in those that are term 
newborn. The pronounced overlap between toxic 
and therapeutic concentrations, and the difficulty in 
assessing clinical effect suggests that routine moni- 
toring of plasma digoxin levels is probably 
unnecessary in children unless toxicity is suspected. 
Even then, a raised level itself is not sufficient 
evidence for intoxication and the level should be 
interpreted in relation to other factors—such as the 
dose given, the severity of heart failure, renal 
function, and the plasma potassium concentration. 


Theophylline 


For maximum bronchodilator effect and minimum 
toxicity, plasma theophylline concentrations should 
be maintained between 55 and 110 pmoi/].8!-§* The 
case for monitoring levels is strong as the therapeutic 
range is clearly established,9!-? kinetics may be 
dose-dependent,9* there is wide interindividual 
variation in the dose/level ratio,™ and toxic levels are 
dangerous.™ The elimination half-life in children is 
short?7-8? and there are large fluctuations in con- 
centration if the drug is given at recommended 
intervals.°> Fluctuation can be reduced if sustained 
release preparations are used,” but as constant 
absorption per unit time does not occur, appropriate 
timing of drug levels and their interpretation depends 
on the preparation used.?? 

Theophylline is also used for the prevention and 
treatment of recurrent apnoeic episodes in the 


preterm infant. Its efficacy is now established and a 
therapeutic range of 30-70 umol/l would seem 
appropriate.’ The importance of monitoring 
levels is emphasised by considering the dynamic state 


of the newborn infant with rapid changes in distribu- . 


tion volumes and maturing enzyme systems affecting 
drug elimination. Tachycardia as a sign of cardio- 
toxicity, although sometimes clinically useful, should 
not be wholly relied on as a guide to theophylline 
treatment. Multiple sampling in the preterm infant 
is not without risk, and if possible, a method using 
small amounts of plasma should be used.9? Because 
of the rapid distribution of theophylline in the body, 
samples drawn midway between doses will reflect the 
steady-state level fairly closely. 


Salicylate 


Although there is no direct relationship between 
salicylate level and clinical response,®4 two authorities 
have suggested that levels of 1000-2500 umol/l 
should be maintained in children with juvenile 
rheumatoid  arthritis.9*9* The symptoms of 
salicylism correlate closely with serum levels and 
are generally, but not always, present when the level 
exceeds 2000 (mol/L.9999 The case for using drug 
levels for each treatment is strengthened by the 
narrow therapeutic index of the drug ?*9"?and the 
large inter- and intraindividual variation in drug 
level/unit dose, which is perhaps mainly due to the 
dose-dependent kinetics of the drug,®® although a 
report suggests there is a good correlation between 
salicylate serum levels and dose/m? body surface 
area.” 

For general analgesic and antipyretic activity, 
lower plasma levels appear to suffice. 


Antibacterial drags 


Blood levels of the antibacterial drugs may be 
presumed to be meaningful measures of drug effect 
only if bacteraemia is present. Otherwise, the blood 
concentration is only one of many determinants of 
drug effect. Other factors, which apply to other drugs 
too but to antibacterials in particular, are the blood 
flow to the infected site, the degree of drug protein 
binding, and penetration of the drug into abscesses, 
cells, and interstitial fluids. 

For optimal effect, drug levels should exceed the 
mean inhibitory concentration (MIC) for the likely 
or known causative organism by as great a margin as 
possible without undue risk of toxicity. However, it 
should be remembered that the MIC refers to a drug 
level in vitro, and although levels in excess of this 
are found in the blood, the levels in the infected 
tissue may be considerably lower. In addition, the 
controversy about whether high, but poorly sustained 


(peak), or lower, but adequate (continuous), levels 
should be achieved has not been resolved. Although 
a ‘peak’ regimen may aid in diffusion of drugs into 
poorly vascularised areas, and there is evidence that 
it is effective provided that the interval between 
doses is not unduly long,” it remains unclear which 
method should be adopted and whether the mode of 
action of a drug (for example, bacterial wall 
synthesis inhibition or intracellular protein synthesis 
inhibition) should determine the type of regimen to 
be used. 

Of the antibacterial drugs, there is a strong case for 
monitoring levels of gentamicin, tobramycin, and in 
some circumstances, chloramphenicol. 


Gentamicin. In adults, peak serum gentamicin 
concentrations of 7-5-9-0 pmol/l are required for 
adequate treatment of serious Gram-negative 
infections.100-103 There is an increased risk of 8th 
cranial nerve damage if serum concentrations rise 
above 18:5 umol/1,9? and of renal damage if nadir 
levels are greater than 3:7 wmol/].2°*2 Because of 
the wide interindividual variation in gentamicin 
disposition and serum levels on similar dosage, 99-108 
monitoring of levels is important, especially in 
children where such variation is likely to be greatest. 
Although modification of dosage according to a 
one-compartment first-order model after an initial 
dose has been suggested,!'? serial measurements are 
probably advisable as the drug's kinetics are better 
represented by a two-compartment” or even a 
multicompartment model. The authors proposing 
the latter model suggested that treatment should be 
tailored individually for children, based on peak and 
trough levels after the fourth or fifth dose, which 
would still be fairly early in the course of treatment. 


Tobramycin. Information on desirable drug levels of 
tobramycin is limited. McAllister and Tait!? stated 
that the ‘usual’ dose given to adults produces serum 
levels of 11-21 mol/l, and it has therefore been 
suggested that organisms with MICs «11 umol/l 
should be considered sensitive to tobramycin.? 
According to a commercial report,U* sustained 
levels above 26 umol/] are likely to produce adverse 
effects and should be avoided. Although the incidence 
of both nephro- and ototoxicity may be marginally 
less with tobramycin than with gentamicin, and 
there is little documentary evidence of a relationship 
between toxicity and drug level, a therapeutic plasma 
range of 11-21 umol/l has been suggested and good 
results shown when such levels were achieved in the 
treatment of serious infections.“ Although a 
relationship between trough level and toxicity has 
not been found, rising trough levels give warning of 
accumulation, and if these are kept below 2 pmol/l, 
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the corresponding peak level is usually «21 
umol/1.9$ 


Chloramphenicol. This is now usually reserved for the 
treatment of the life-threatening diseases, meningitis 
and epiglottitis. In these circumstances, adequate 
treatment is imperative, and monitoring of blood 
levels has been recommended.” The common, 
combination of an enzyme-inducing anticonvulsant 
drug with chloramphenicol] in the treatment of 
meningitis and the resulting decreased levels of the 
antibacterial drug, 8-3? further emphasise the need 
to ensure that adequate levels are maintained. A 
concentration range of 30-60 umol/l is accepted? 
and as cerebrospinal fluid (CSF) concentrations are 
consistently 30—50 % of those in plasma,!? CSF levels 
of the drug will be adequate for all the more usual 
organisms causing meningitis. 


Drug monitoring in other body fluids 


Cerebrospinal fluid. Drug monitoring in CSF is 
usually limited to those cases of meningitis in which 
the expected recovery has not occurred—for example, 
monitoring of ampicillin, penicillin, and chloram- 
phenicol—or in some cases if intraventricular- drug 
injections are used and preinjection levels determined. 
The preinjection levels indicate the rate of removal of 
the drug from the CSF and are often used with 
gentamicin. Levels in excess of the MICs of the 
likely organisms are required. 

As chloramphenicol levels in CSF are consistently 
30-50 % of those in plasma,™ and intrathecal /intra- 
ventricular injections are unnecessary, CSF chloram- 
phenicol levels may be assessed indirectly using the 
more practicable plasma sampling. 


Saliva. Saliva sampling affords a useful method of 
drug level monitoring as the saliva concentration of 
drugs which are unionised at plasma pH is usually 
proportional to the concentration of the free 
(unbound) drug in plasma. The dissociation 
constant and the lipid solubility of drugs are 
important determinants of the saliva/plasma (S/P) 
ratio of weak acids and bases™ and this ratio 1s much 
affected by saliva pH. Saliva pH varies with saliva 
flow rate and small changes in the flow rate pro- 
foundly affect the appearance in saliva of acidic 
drugs with pKa values below 8-5 and basic drugs 
with pKa values above 5:5.25 Very weak acids and 
bases behave as neutral drugs! which pass into 
saliva at concentrations equal to the free drug in 
plasma water. 

For appropriate drugs, saliva monitoring has 
advantages for paediatricians and children, as it 
allows fluid to be collected by a noninvasive technique 
at home, school, or hospital without discomfort or 
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Table3 Drugs in saliva: usefulness of monitoring 
and therapeutic ranges derived from plasma ranges and 
salivalplasma ratios 








Saliva monitoring Drug Therapeutic 1 ange 
Useful Carbamazepine 5-15 jmol/147-50 125 
Ethosuximide 280—700 pamol /167 126 
Phenytoin 2-10 i mol/128-25127 
Possibly useful Phenobarbitone 25-42 umol /137 39-40 
. Primidone As above4 46 
Digoxin Not reliable 
Theophylline (in asthma: 30-65 pmol /{8!-83 151 
Not useful Diazepam 
Salicylate 


Sodium valproate 





risk. As saliva levels indicate the free (active) 
fraction of drug in the plasma, they will reflect 
changes in the effective drug concentration arising 
from disease processes, varying albumin concentra- 
tions, and drug interactions. 

Most reports refer to the use of mixed saliva, and 
this can easily be collected from children of all ages, 
although saliva flow stimulation using citric acid 
crystals™4 may sometimes be required. 

Table 3 shows the relative usefulness of saliva 
monitoring for the more relevant drugs and lists 
their respective derived therapeutic ranges. The 
method is especially usefcl for carbamazepine, 
ethosuximide, and phenytoin as there is a good 
correlation between saliva and plasma levels for each 
of these drugs,2—!*?? and this is independent of 
concurrent drug use, saliva flow rate, or pH.175-131 

The usefulness of monitoring other drugs in saliva 
is less clear. Phenobarbitone is partially ionised at 
the usual saliva pH, and so the S/P ratio varies with 
saliva pH. However, if the pH is taken into account, 
a corrected saliva concentration approximating the 
unbound fraction may be calcuiated.19? 

Although there is a good correlation between saliva 
and plasma primidone concentrations,’ monitoring 
of this drug is limited by the problems associated 
with phenobarbitone monitoring. 

The reported plasma digoxin S/P ratios in adults 
suggest that there is a wide interindividual 
variation,3*!% which is not accounted for by 
differences in digoxin protein binding.1%4 Single 
specimens are probably of little value therefore, 
although serial sampling in the same individual may 
be useful.134 However, Joubert et a/.1*3 suggested 
that saliva digoxin levels may be better indices of 
pharmacological effect than plasma levels, as the 
PTQ index, which relates to electrocardiographic 
change, correlates more closely with mean saliva 
than mean plasma digoxin levels. Like digoxin, 
saliva theophylline monitoring is limited in adults by 
the large inter- and intraindividual variation in the 
S/P ratio,?7 and a similar problem may exist in 
children. In addition, no explanation has yet been 


found for the variation of S/P ratio according to time 
of sampling,!35-19? raised values being found in the 
first few hours after dosing. 

According to the available evidence, saliva is not 
useful for monitoring diazepam,!9*? salicylate,!?? or 
sodium valproate.!4 

This review has attempted to provide a paediatric 
perspective of drug level monitoring, outlining the 
indications, considerations, and pitfalls. Some drugs 
(for example, lignocaine, mexiletine, procainamide, 
quinidine, disopyramide, lithium, tricyclic anti- 
depressants) have been omitted from discussion as 
they are rarely used in paediatric practice. Individual 
treatment, by monitoring drug levels, would seem to 
be particularly important for children in view of the 
pronounced interindividual and age-related variation 
in drug response throughout childhood. However, it 
should be stressed that such monitoring is no 
substitute for sound clinical judgment, and com- 
prehensive examination and assessment of children 
receiving drugs. It is only when optimum and 
complementary use of both approaches is realised 
that children will benefit most. 
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Annotations 


Patent ductus arteriosus: experimental aspects 


In the fetus the ductus arteriosus joins the pulmonary 
trunk to the aorta and is of a calibre similar to 
these major vessels. Its structure is different since 
elastic tissue is normally absent from the muscular 
layers, and its physiological behaviour differs 
quantitatively and qualitatively from that of the 
vessels 1t connects. 

In fetal life the ductus provides a bypass to the 
Jungs such that (1n the lamb) almost nine-tenths of the 
right ventricular output is directed to the lower body 
and placenta.! When the lungs expand with gas for 
the first time, pulmonary arterial pressure falls from 
slightly above to substantially below aortic level and 
flow through the ductus reverses.? This, pending 
constriction and final closure of the ductus, 
inaugurates a left-to-right shunt recirculating a 
proportion of left ventricular output through the 
lungs. As failure of the ductus to close normally is 
associated with cardiac embarrassment, it 1s 
important to understand the mechanisms which 
promote closure, why they do not normally operate 
in utero, and whether it is possible to assist closure 
without surgery. Conversely, the adverse postnatal 
effects of some congenital malformations in which 
blood can only reach the lungs in any quantity via the 
ductus are alleviated temporarily by treatment which 
maintains ductal patency pending corrective surgery. 
The further possibility exists that substances capable 
of crossing the placenta can, when administered to 
the mother, affect the ductus and modify the distri- 
bution of fetal cardiac output. 

This note is concerned not with ultimate oblitera- 
tion of the ductus, but with the constriction which 
takes place shortly after birth. 

The fact that initial constriction of the ductus 
occurs abruptly was first realised nearly 80 years ago, 
although appreciation of tbe anatomical idio- 
syncracies of the fetal circulation is of course much 
older. Experimental investigation of the mechanisms 
of ductus closure began about 40 years ago when 
Barcroft et al.’ and Kennedy and Clark* obtained 
results on guinea-pigs which suggested that oxygen 
was implicated. 

More extensive experiments on fetal lambs 
showed that increase in O, content of the blood 
consistently constricted the ductus even after 
destruction of the brain and spinal cord and when 
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the pulmonary and systemic arterial pressures were 
stabilised.? The response was also obtained in an 
isolated heart-ductus-artificia! lung preparation and 
was reversed by anoxia. 

In 1963 Koval&k? confirmed in vitro the direct 
contractile action. of oxygen on ductus muscle 
isolated from guinea-pigs and lambs, and showed 
that calcium was essential for its occurrence. Since 
then more penetrating investigation of the oxidative 
metabolism of ductus muscle has been undertaken$-9 
and an extensive range of smooth muscle stimulants 
investigated. These have included such diverse 
substances as potassium and acetylcholine which, in 
appropriate concentration, regularly, or 1n the case of 
bradykinin less regularly, constrict ductus muscle.5*® 
They remain useful as experimental tools but seem 
unlikely participants 1n natural constriction of the 
ductus. Since 1972 interest has turned to the part 
prostaglandins play in the behaviour of this remark- 
able vessel. 


Isolated ductus muscle 


Preparations of ductus muscle have been extensively 
investigated in the form of spiral strips or rings and 
as the isolated perfused vessel in vitro or in vivo. 


Oxygen. Fay? found that the maximum tension 
evoked in ductus muscle by an increase of Po, was 
double that produced by acetylcholine or potassium, 
which stimulate the muscle directly and elicit 
maintained contraction even under anaerobic 
conditions. The ductus was equally sensitive to 
change of luminal or adventitial Po, and half- 
maximal contraction was attained with a Po, of 
70 mmHg (9:31 kPa) both inside and outside. This 
makes unlikely the involvement of specialised 
O,-sensitive cells. Inhibitors of oxidative phos- 
phorylation reduced the contractile response to O, 
to one-third or less, but had less effect on acetyl- 
choline-induced contractions. 

While Kovalcik* had earlier found that the 
phenothiazines and amytal prevented the ductus from 
contracting in response to O,, in his hands sodium 
cyanide 1 mmol/l only had a limited effect and he 
therefore doubted whether the terminal steps of the 
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electron transport chain were concerned. He 
suggested a flavoprotein oxidase not inhibited by 
cyanide might be involved. Under the conditions of 
his experiments the responses were often slow, and it 
is possible that cyanide did not remain stable for the 
length of time required. 

Fay and J6ébsis’ demonstrated that carbon 
monoxide also depressed O,-induced contraction; 
this effect was reversible by light. Dissociation of the 
CO-cytochrome a4, complex preceded muscular 
contraction by 81-+13 (SEM) seconds, thus 
establishing that the temporal sequence of events is 
compatible with the concept that O, acts via the 
cytochrome respiratory chain. They found that both 
O, consumption (which was relatively high for 
smooth muscle) and muscle tension were similarly 
related to O, tension. The O, consumption of a 
ductus partly constricted by O, remained unchanged 
when further tension was elicited by the addition of 
acetylcholine. This suggested that there is indeed a 
limitation on cellular respiration imposed by O, 
availability. 

Fay® calculated that only when external Po, 
exceeded 80 mmHg (10-64 kPa) would all the cells 
of the ductus smooth muscle be likely to receive 
sufficient O, to sustain their maximum respiratory 
rate. This would be compatible with a Km O, of 
about 1 mmHg for the terminal cytochrome a;. 
Direct measurement showed very steep oxygen 
gradients in the muscle.? 

O,-evoked contractions of ductus muscle were 
distinguished by stepwise increases of tension never 
seen with acetylcholine and other direct stimulants. 
Fay? £ likened these to those of other smooth muscles 
such as taeniae coli which exhibit propagated action 
potentials, and suggested that these might be fuelled 
by increased synthesis of high-energy phosphate 
compounds via the respiratory chain. 

Clyman et al. found that the maximum tension of 
O,-induced contraction of lamb ductus rings 
increased with increasing gestational age, and also 
that ductus tissue from immature lambs was very 
sensitive to light.” They thought that this photo- 
relaxation might account for the relative insensitivity 
of the immature ductus to stimulation by O, in vitro. 
It is interesting that the response of the muscle to 
direct stimulation with potassium does not vary 
with age in lambs or guinea-pigs.? 


Prostaglandins. Clarification of the intricate relation- 
ships and actions of these naturally occurring lipid 
derivatives had proceeded far enough by 1972 for 
Coceani and Olley}! to examine their action on 
isolated strips of lamb ductus arteriosus. Contrary to 
expectation, they observed that PGE, and PGE, 
relaxed the anaerobic muscle but had less action on 


the aerobic (contracted) muscle. The threshold dose 
was 10° mol/l; PGA, and PGF,, also caused 
relaxation but only at higher concentrations. Coceani 
and Olley'^ suggested that the ductus might be 
maintained open in fetal life by PGE compounds 
which also relax the calf ductus, At about the same 
time, Elliott and Starling!* reported that PGF,, 
contracted calf ductus arteriosus (though at a high 
dose 107* mol/l) as Coceani and Oley? had 
envisaged for this class of compounds in general. 

Starling and Elliott!4 gave a systematic account of 
the responses of the calf ductus to prostaglandins 
(3:3 x 10-75 mol/I) at O, tensions between 15 and 
100 mmHg (2-0 and 13-3 kPa). PGF,, was always 
constrictor and acted synergistically with O,. PGE, 
caused relaxation at all levels of Oy. 

PGE, initially caused some contraction followed 
by relaxation, most pronounced at lower O, tensions. 
They suggested that PGF,, might be responsible for 
closure of the ductus 1n calves, and considered that 
the inhibition of contraction by indomethacin and 
naproxen implied endogenous synthesis of 
prostaglandin. In the few experiments attempted, the 
human ductus behaved in a manner similar to the 
calf's. 

Coceani et al.“° examined the effects of inhibitors 
of PGE, synthesis on the response of lamb ductus 
arteriosus to PGE, at both low and high O, levels. 
The relaxant effect of PGE, was reduced at high O, 
levels, but could be restored after treatment with PG 
synthetase inhibitors. Possibly the receptiveness of 
the target site is controlled by the rate of endogenous 
PG formation. They suggested that at birth PGE 
formation may increase but the tissue become less 
sensitive. Olley et al. found that ibuprofen (another 
prostaglandin synthetase inhibitor) caused contrac- 
tion of the ductus from lambs as young as 90 days’ 
gestation. 

Clyman et al.!? did not encounter the insensitivity 
of well oxygenated lamb ductus muscle to the 
relaxant action of PGE reported by Starling and 
Elliott!4 in calf ductus. and suggested on the basis of 
their own carefully designed investigation that the 
earlier experiments might have been vitiated by 
tachyphyllaxis. However, Clyman et al.!8 routinely 
used much higher O, pressures than Starling and 
Elliott. Indomethacin-induced contraction of lamb 
ductus was, as the results of Coceani et al. had 
indicated, additive to O,-induced contraction,!? a 
situation consistent with endogenous prostaglandin 
synthesis. In lambs less than 110 days' gestational age 
indomethacin-induced contraction is greater and the 
ED,, for relaxation by PGE, smaller than in Jambs 
near term.i? 

Coceani et al.” and Clyman et al. ™ have examined 
the action of several prostaglandins and some of their 


e 


derivatives on the lamb ductus. Only PGF,, and its 
15-ketometabolites have been found to cause 
contraction. Those causing relaxation and effective 
below 1078 mol/l were PGE;, PGE,, and their 13, 14 
dibydrometabolites. The threshold for PGE, is 
10-12 mol)l and for PGE, 107! to 107*, Both cause 
contraction above 10-9 and 5 x 10^7$ mol/l re- 
spectively. 

The isolated perfused ductus from guinea-pigs and 
rabbits constricts in response to PGF,4 but dilates 
with PGE, and PGE,.* Dog pup ductus also dilates 
with PGE. However the contractile action of 
prostaglandin synthetase inhibitors on the guinea-pig 
ductus is small.?3 

Smiesko et al.** found the ductus from fetal 
guinea-pigs and rabbits maintained in nitrogen 
constricted when the transmural pressure was 
suddenly increased. There was a concurrent reduction 


w^ of sensitivity to vasoconstrictors, and it was suggested 


that this might be implicated in failure of the ductus 
to close. Whether the initial myogenic response 
Observed was attributable to prostaglandin release 
after mechanical stimulation is a matter for specula- 
tion. 


Prostaglandin synthesis. Homogenates of term ductus 
of lambs?5—* and calves?’ converted exogenous 
arachidonic acid to prostaglandins Es, F,4 and 
6-keto-F,4. The major product was 6-keto-F,. 
which has only weak vasoactive properties, but its 
short-lived precursor (a prostacyclin) PGI, is a weak 
vasodilator. More PGI, was produced by ductus 
tissue from immature lambs than mature ones.?? 
Although only about one-tenth of the prostaglandin 
synthesised is PGE,, ductus muscle is so much 
more sensitive (threshold 10-4 mol/D to it than to 
PGI, (1078 mol/D, that it seems likely to be the 
major prostaglandin maintaining relaxation of the 
ductus. 

Cultures of vascular endothelium, especially of the 
umbilical vein, can synthesise PGI, and PGE. 
Angiotensin II 107? mol/l! stimulates production of 
PGE in such a system.?? Bradykinin has also been 
reported to increase vascular synthesis of prosta- 
glandins.? The endothelium of the ductus has not 
received comparable attention in relation to these 
compounds. 

It is interesting that reduced glutathione which 
favours PGE synthesis has been found to relax the 
hypoxic ductus.?? 


The whole animal 


Anatomical investigations. Sharpe and Larsson used 
whole body freezing techniques?! to examine the 
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effects of prostaglandin administration on the ductus 
of newborn rats and rabbits. They observed that in 
newborn rats killed 30 minutes after subcutaneous 
injection of PGF yz, the ductus diameter was about 
four tumes that found in saline-treated controls. The 
response was dose-dependent over the range 0-2 to 
5 ug/g body weight and subsided by 60 minutes after 
injection. PGE, 0-2 ug/g caused dilatation compar- 
able with that seen with PGF ya (1 ug/g) and similar 
results were obtained with both prostaglandins in 
newborn rabbits. In the absence of hypoxaemia and 
acidosis ıt was concluded that both PGF, and 
PGE, had delayed ductal closure. 

Starling et al. obtained radiographical evidence 
in normoxic piglets 3-6 hours of age of dilatation of 
the ductus in response to infusion of PGE, or PGE, 
(1-4 ug/kg per min) or PGA, or PGA, (20-40 ug/kg 
per min) into the aortic arch; the left to right shunt 
appeared larger. 

The obstetric use of the prostaglandin synthetase 
inhibitors, indomethacin and acetylsalicylic acid, ın 
conjunction with the fact that the concentration of 
indomethacin in human fetal blood can reach 1-6 
times that in the mother?? prompted Sharpe et al.34-3 
to investigate the fetal consequences of maternal 
administration of indomethacin 15 mg/kg. This 
caused constriction of the ductus in near term fetal 
rabbits and rats. Rat pups so exposed in utero were 
cyanosed and lethargic on delivery with distressed 
breathing. Doses of indomethacin (2: 5 mg/kg) in the 
clinical range and acetylsalicylic acid (50—100 
mg/kg) were also effective. 

Indomethacin 2 x 5 mg/kg per day was given 
orally to 10 near term ewes for 3 days with the final 
dose 1-3 hours before caesarean section. The lambs 
whose blood-gases were in the normal range were 
delivered into an hypoxic atmosphere (<14 mmHg 
1:9 kPa), the cord was tied and the chest opened 
before immersion in liquid mitrogen. The cross- 
sectional areas of the ductus ranged from 0 84-11-03 
mm? and were less (P «0-05) than controls (range 
9- 16-53-23 mm?). 


Physiological experiments. Chronic ligation of the 
ductus in fetal lambs has been reported compatible 
with live birth?’ although this is not the case with 
fetal dogs?5 which survived in utero only until 
shortly before parturition. When the ductus was tied 
in 4 fetal lambs, the average pressure difference 
between pulmonary trunk and aorta under maternal 
anaesthesia rose from 1-2 to 20-6 mmHg (0-16 to 
2:7 kPa.)?* These lambs survived for 9-36 days, they 
had 34% more ventricular muscle than littermates, 
and changes in the media of small muscular 
pulmonary arteries were found. 

Administration of acetylsalicylic acid 55-90 
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mg/kg estimated body weight to catheterised fetal 
lambs in utero increased the pressure drop from 
pulmonary artery to aorta from 1:5 to 11-2 mmHg 
(0-20 to 1-49 kPa), and decreased the fraction of 
right ventricular output traversing the ductus from 
88-5 to 69.7755. The absolute decrease averaged 
15-97%." In two lambs with pulmonary hypertension, 
IV infusion of PGE, 0-1 mg/kg per minute restored 
normal levels of pulmonary arterial pressure. When 
the infusion was stopped pulmonary pressure rose 
again.! Substantial changes in the distribution of 
cardiac output (measurec with radioactive micro- 
spheres) were found during administration of 
acetylsalicylic acid. For exemple, that to the liver was 
decreased by 40% and that to the lungs increased by 
196 75.! Though blood-gas tensions were unaffected, 
if such large changes in organ flow had persisted with 
continuous treatment they might have had important 
consequences. Indomethacin (0-005 mg/kg) not only 
caused profound ductus constriction in fetal lambs 
but also reduced circulating levels of PGE.?* Infusion 
of PGE reversed the const-iction but did not raise 
circulating levels. Slow infusion of indomethacin 
(1 mg/kg maternal bodyweight) into pregnant ewes 
raised the pressure gradient across the fetal ductus 
from 2-7 + 2-0 to 14-1 + 5:9 mmHg during the 
next 1-6 hours. The increase began within 30 
minutes, was not attributable to a fall of systemic 
pressure, but was reduced by infusion of PGE, in 
two lambs. Nine lambs which had not received 
PGE, were found dead the next day. 

Thibeault et a/.*! found that 1n fetal lambs treated 
with hydrocortisone for several days, the ductus was 
functionally closed or constricted compared with 
controls. Corticosteroids car inhibit prostaglandin 
release, so that this observation would be consistent 
with a role for PGE in the maintenance of ductus 
patency. 


Circulating prostaglandins. PGE levels are high 
(10 mol/l) in plasma obtained from catheterised 
lambs in utero especially towards term.?? Levels fall 
in the first few days of life, as in human infants 
where they appear unaffected by gestational age at 
birth. $? 


Discussion 


Almost all in vitro work has used an anoxic («14 
mmHg) relaxed ductus for -he investigation of 
contractile agents, and one maximally constricted in 
an O, environment of several hundred mmHg for 
detection of relaxant action. Whether the apparent 
difference of sensitivity to O, of guinea-pig and lamb 
isolated ductus is solely due to the larger size of, and 
greater dependence on, vasa vasorum of the latter is 


perhaps unlikely, since the even larger ductus of the 
calf is contracted at a Po, of 100 mmHg. 

Clarification of such discrepancies may well 
require more detailed anatomical knowledge and 
discrimination between the synthetic abilities of the 
various tissues comprising the ductus in various 
species. However no doubt exists as to the graded 
response of the ductus to increasing O, tension both 
in vitro* ? and in vivo.? ** The stimulation of increased 
O, tens.on remains unchallenged as a trigger for 
post- (end pre-) natal constriction of the ductus. 
Although synthesis of prostaglandins requires 
oxygen,” it appears possible at the rather low O, 
tensions in the fetus. 

Prosteglandins in plasma may participate in the 
control of vascular tone in vive in addition to that 
produced by endogenous synthesis within the vessel 
wall itself. In general, the behaviour in vitro of 
isolated ductus tissue to exogenous prostaglandins 
and to prostaglandin synthetase inhibitors accounts 
for the observations in vivo. The undoubted presence 
of autonomic mnervation of the ductus*® has not 
been shown to play an important part in its 
behaviour. 

The possible roles of bradykinin® and angiotensin 
IR! in PGE synthesis may deserve closer examina- 
tion. However, if in the ductus, as appears both PGE 
and PGF,4 can be produced, administration of a 
prostaglandin-synthetase inhibitor might predomi- 
nantly promote constriction by inhibition of PGE 
production, or dilatation by inhibition of PGF,, 
productior. In addition, sheep blood contains an 
enzyme, with a pH optimum about 7, capable 
of reducing PGE, to PGF,4,*' Thus the final 
outcome may not be easily predictable in the whole 
organism. 

The part played by prostaglandins in relation to 
the contractile action of O, on the ductus, which is 
believed to be mediated by an increased rate of 
synthesis of high-energy phosphate compounds, 9-9 
is not understood. Prostaglandins are lipid-soluble 
and their involvement in control of intracellular 
Ca** at the level of the mitochondrial membrane 
in other systzms suggests they could be responsible,*9 
though further sites of action such as the sarcomere 
membrane must remain possibilities. 


Whole animal. 


Fetus. If the ductus is totally (by ligation), or partly 
(by administration of prostaglandin synthetase 
inhibitors), prevented from performing its normal 
fetal function there is substantial evidence that 
pathological consequences can follow.3€-35 37738 Any 
increase of pulmonary arterial pressure could be 
mitigated by increased flow through the foramen 


! 
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ovale.599 However, while brief administration of 
prostaglandin synthetase inhibitors may have only a 


_- short-lived effect on PGE synthesis, ın ductus muscle 
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the consequences of prolonged inhibition of prosta- 
glandin synthesis there and elsewhere cannot be 
discounted. Nor can it be assumed, in the case of 
compounds which cross the placenta, that maternal 
plasma concentrations of the inhibitor are any 
indication of those in the fetus.** 49 


Newborn A histological study of human patent 
ducts shows that all those from subjects over age 4 
months have abnormal subintimal elastic tissue.” 
This anomaly was also present at all ages from birth 
to 4 months together with histologically normal ducts 
at various stages of closure. It 1s therefore possible 
that congenital abnormality precludes both 
spontaneous or pharmacologically-assisted closure of 
some ducts. 

In anatomically normal newborns, which are not 
hypoxaemic, failure of the ductus to close could be 
attributable to endogenous synthesis of PGE rather 
than PGF, but there is no direct evidence on this 
point. Doubt has been expressed about whether 
concentrations of PGF sufficiently high to cause 
ductus constriction are likely to occur naturally. As 
far as plasma levels are concerned, both PGE and 
PGF were raised in 6 of 7 human infants with patent 
ductus arteriosus (PDA).? In two cases a relative 
increase of plasma PGE with respect to PGF 
coincided with cardiac failure due to a large left-to- 
right shunt through a patent ductus. 

Administration of prostaglandin synthetase 
inhibitors to promote closure of the ductus cannot 
avoid effects on other organs. A well documented 
example is the inhibition of renal blood flow and 
urine flow in newborn lambs.5° Elimination of 
indomethacin by premature infants®4 is as slow as 
that in the fetus. %8 

In infants in whom the pulmonary blood flow is 
largely dependent on a PDA and presumably on 
adequate endogenous synthesis of PGE, O, leveis, 
though low, may well exceed fetal levels and perhaps 
hinder any dilator effect of PGE whether endogenous 
or exogenous. 

The histology of the ductus in cases of ductus- 
dependent cardiac anomaly, treated with PGE, 
suggested structural weakening due to intimal 
lacerations, interruption of internal elastic laminae, 
and medial oedema." Plasma levels of PGE were 
unaffected by ductus ligation.™ 

In the newborn as in the adult *~’prostaglandins 
are metabolised in the lungs. The much larger 
pulmonary blood flow of the newborn can be 
expected to dispose of any surplus prostaglandins 
more readily than the fetus. 
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(1) The Po, of fetal blood is insufficient to constrict 
the ductus arteriosus in the face of its endogenous 
synthesis of prostaglandin E. 

(2) Closure of the ductus at birth is initiated by the 
increased Po, of circulating blood as pulmonary 
ventilation is established. The participation of 
PGF, is improbable as relatively large con- 
centrations are required to constrict ductus 
muscle and in some experiments a dilator action 
was observed. 

(3) Administration of PGE has been shown to dilate 
the partly constricted postnatal ductus in vivo. 

(4) Some inhibitors of prostaglandin synthetase 
cross the placenta; these may attain a concentra- 
tion in fetal plasma exceeding that in the mother, 
and have been shown experimentally to promote 
constriction or closure of the ductus in utero. The 
haemodynamic consequences of such closure 
include changes in the pulmonary vessels which 
may preclude the normal development of vascular 
conductance after birth. 

(5) If the ductus remains open postnatally at 
reasonable levels of oxygenation, prostaglandin 
synthetase inhibitors may assist closure as it 
seems unlikely that any constrictor effects of 
PGF;« would dominate the situation. However, 
the multitude of other prostaglandin synthetase 
systems in the[body would also be more or less 
inhibited. The possibility of adverse conse- 
quences of prolonged treatment requires detailed 
analysis. 
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Patent ductus arteriosus: current clinical status 


In 1959, Burnard first drew attention to the associa- 
tion of patent ductus arteriosus (PDA) and pre- 
mature birth when he reported that PDA. murmurs 
could be heard more frequently in prematurely born 
infants than in those born at term.! Subsequent 
reports by Powell? Danilowicz et aL,? and Auld4 
indicated that, although PDA may commonly cause 
clinical signs in infants born before term, the ductus 
almost always closes spcntaneously. In 1971, 
Girling and Hallidie-Smith reported an incidence of 
PDA of 19% among infants born before 36 weeks’ 
gestation at the Hammersmith Hospital; the 
incidence was higher in infants with respiratory 
distress syndrome (RDS). In their series, medical 
treatment of the PDA failed in only one of 38 
patients. The next year, Kitterman ef al. reported a 
similar incidence of PDA among infants with 
birthweights 1750 g or less born at the University of 
California, San Francisco during the years 1367 to 
1970.9 They also noted a higher incidence in patients 
with RDS. However, in their group, spontaneous 
closure occurred in only 16 of 29 infants; 10 infants 
underwent operative closure and 3 died with a PDA. 
During the last 12 years the incidence of PDA at that 
hospital bas been higher (Table), and approximately 
one-third of those infants wit: PDA have required 
operative or pharmacological closure of their PDA. 

Other authors have reported a similar high 
incidence of PDA among prematurely born 
infants,’~*° but they differ in the proportion in whom 
medical treatment fails. In our experience, PDA is 
most troublesome among very small infants with 
severe RDS in whom the murmur can be heard in the 
first 2 days of life. In two studies :n which ligation was 
rarely done,*-19 infants who died before 60 and 72 
hours of age respectively, were excluded; thus, it is 
possible that infants most likely to develop uncontrol- 
lable heart failure were not included in these reports. 

The reasons for the increasec. incidence of PDA 
among infants born prematurely appear to be 
related to a higher rate of survival for these infants, 


Table Patent ductus arteriosus among infants 
< 1750 g born at University of California, San 
Francisco 1967-78 inclusive 


Total 
infants 


451 325 142 





Survived No. with 
PDA 


Inceleice No. with lrgation 
of PDA or wdomethacin 
31 4% 44 (31% of those 
with PDA) 





particularly those with RDS." Incidence of PDA is 
inversely related to birthweight and gestational age.® 
These associations and the relation to RDS (due to 
immaturity of the lungs) indicate that immaturity of 
the ductus is a major factor. In immature infants 
there is less ductal muscle,“ and the subendothelial 
cushions, which obliterate the lumen when the ductus 
constricts, ere absent.!? In recent years, there has 
been stricter control of inspired oxygen to prevent 
high levels of arterial Po, because of the risk of 
retrolental fibroplasia. This may be an edditional 
factor in the higher incidence of PDA, as the muscle 
of the immature ductus shows less contraction in 
response to oxygen than that of the mature 
ductus.4-5 Another likely contributing factor is 
increased fluid intake which has been associated 
with ductal patency in two reports. 76 

Recent studies suggest that prostaglandins may be 
important.27-48 QOverdistention of the dog lung 
releases prostaglandin E from the lung.!? An intri- 
guing possibility is that treatment of the atelectasis 
of RDS with positive pressure may stimulate release 
of prostaglandin E and thus contribute to ductal 
patency; however, data supporting this concept are 
lacking. (For further discussion, see preceding 
Annotation.) 

The diagnosis of a large PDA is relatively straight- 
forward in infants without pulmonary disease. Such 
infants exhibit typical cardiac signs and, in low 
birthweight infants, other forms of congenital heart 
disease are relatively rare.? When RDS is present, 
the diagnosis is not easy as the murmur may be 
difficult to hear,?! and evaluation of other signs—such 
as tachycardia, tachypnoea, and retractions—is 
complicated by the presence of pulmonary disease. 
In such infants, a widened aortic pulse pressure 
measured through an umbilical arterial catheter may 
be the first sign of a clinically important PDA.” 
Silverman and associates showed that echocardia- 
graphic measurement of left atrial size, compared 
with the aortic root, ıs an accurate indication of the 
magnitude of ductal shunting in most cases.?? The 
method has the advantages of being noninvasive, 
rapid, and easily performed repeatedly as the infant's 
condition changes; although in some cases 1t gives 
results at variance with clinical findings.*4 Other 
diagnostic techniques reported to be helpful, but 
not as widely used, are aortography," Doppler 
ultrasonic measurement of brachial arterial flow,™ 
and analysis of aortic diastolic pressure.™ 
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Much discussion has been directed to the question 
of whether the ductus may cause worsening Or 
prolongation of the course of RDS.9 *7*5 Haemo- 
dynamic studies in RDS indicate that left-to-right 
shunting through the ductus is small or nonexistent 
before 24 hours of age,?™ but that after this time 
large left-to-right ductal shunts are common.” 
However, the contribution of these shunts to the 
pulmonary disease remains uncertain. 

PDA has been associated with necrotising 
enterocolitis, ® a condition in which bowel 
ischaemia plays an important role. With a large 
ductal shunt, decreased blood flow to the bowel is 
probably caused by the large aortic runoff into the 
pulmonary circulation, and possibly by decreased 
cardiac output due to the effects of diastolic hypo- 
tension resulting in decreased myocardial oxygena- 
tion?? and myocardial necrosis.?? 

In most cases, medical treatment is adequate to 
sustain the infant until the ductus closes 
spontaneously. Identification of those who will 
require more active intervention to close the ductus 
is often difficult and the subject of debate. If con- 
tinued ductal shunting is a cause of progressive 
pulmonary disease in some infants, early recognition 
is essential. Conversely, careful selection is necessary 
to avoid unnecessary operative or pharmacological 
intervention. There is a relatively large number of 
infants who have RDS and who seem to have a 
moderate-sized ductal shunt but no clear evidence of 
heart failure; in these, the RDS frequently runs a 
prolonged, chronic course. Since the report of 
Siassi ef al., several authors have inferred that the 
prolonged lung disease results from chronic pul- 
monary oedema and have advocated early inter- 
vention to close the ductus in such cases.9 943? 
Although one prospective, random study supports 
this view,?? further data are needed to resolve this 
point. 

Ligation of PDA in small preterm infants has been 
widely reported and has an extremely low operative 
mortality.9? 34 39-4 In those with slight RDS or 
no lung disease, ligation leads to rapid improvement 
in cardiorespiratory function and almost all survive. 
In contrast, when PDA. coexists with severe RDS, 
improvement after ligation is slower and mortality 
is relatively high due to progressive pulmonary 
disease and other complications of prematurity. 

Because of these problems, investigators have 
sought nonoperative methods of closing the ductus. 
Increased environmental oxygen has been suggested? 
but is contraindicated in most preterm infants 
because of the potential risk of retrolental fibroplasia. 
Acetylcholine was shown to constrict the ductus but 
the effect was too short-lived to be clinically useful.4? 
More recently, inhibitors of prostaglandin synthesis 
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have been used. After studies which showed that 
E prostaglandins relax ductal muscle, Coceani 
et al. produced in vitro contraction of ductal muscle 
with inhibitors of prostaglandin synthesis. Subse- 
quent studies showed that these inhibitors produced 
intrauterine constriction of the ductus arteriosus in 
rats and lambs.*? Shortly thereafter, two clinical 
studies (Friedman e£ al!" and Heymann et al.**) , 
showed that indomethacin, a potent inhibitor of 
prostaglandin synthesis, was effective in constricting 
the ductus arteriosus in most prematurely born 
infants with PDA. Lucas and Mitchell found raised 
plasma prostaglandin levels ın infants with PDA ;1? 
the prostaglandin levels were unaffected by ductal 
ligation but decreased after treatment with indo- 
methacin, supporting the concept that endogenous 
prostaglandins have a part in maintaining ductal 
patency in infants born before term. 

Not all prematurely born infants with PDA 
respond to indomethacin. Neal and associates found 
it effective in only 2 of 11 patients with severe 
RDS.* Other authors have reported a low rate of 
ductal closure when indomethacin is given after 
14 days of age."-9* The reason for failure of treat- 
ment with indomethacin in these cases is unknown; 
it suggests that factors other than prostaglandins are 
responsible in some cases of PDA. 

As prostaglandins are distributed throughout the 
body, systemic administration of inhibitors of 
prostaglandin synthesis could be expected to have 
widespread effects. To date, the only serious com- 
plication commonly reported is transient renal 
insufficiency which appears to be dose related and is 
accompanied by oliguria, azotaemia, raised creatinine 
concentration, and hyperkalaemia.!^18 9? A few 
cases of gastrointestinal bleeding have been 
described.°** Tt is surprising that bleeding problems 
have not been more common because indomethacin 
markedly decreases platelet aggregation, and normal 
function does not return until several days after 
indomethacin treatment? As indomethacin in 
blood is tightly bound to albumin,® it may displace 
bilirubin and should not be used in jaundiced 
infants ;*’ so far there have been no reported cases of 
kernicterus associated with indomethacin. Recent 
studies indicate that indomethacin decreases release 
of pulmonary surfactant into the alveolar space of 
adult and fetal rabbits;59-57 further research is 
essential to determine 1f these results in experimental 
animals have clinical relevance. Because of the 
uncertainties about indomethacin, several authors 
have urged caution in its use and have stated that it 
should be used only in controlled clinical trials until 
more data are available on its efficacy and on the 
incidence and type of complications.58-50 

In summary, PDA is a common and a serious 
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clinical problem among prematuraly born infants. 
Uncertainties about PDA persist regarding aetiology, 
diagnosis, its role in severe RDS, selection of patients 
for intervention, and the method of intervention— 
ligation, indomethacin, or perhaps a newer, more 
effective pharmacological agent. 
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Coeliac disease: duration of gluten-free diet 


To the research worker in coeliac disease, interesting 
. questions include: What is the nature of the toxic 
fraction of gluten? What is the mechanism bv which 
gluten induces abnormalities in the proximal small 
intestine? But to the child with coeliac disease, and 
his parents, the most important questions are: For 
how long must a gluten-free diet be continued ? What 
are the dangers of breaking the diet? Of course, 
our present inability to answer the coeliac patient's 
questions with accuracy is a direct result of being 
unable to answer the questions posed by the research 
worker. 

In the absence of knowledge of the basic aetiology 
of coeliac disease, working definitions have been 
proposed that themselves affect management. To an 
eminent adult gastroenterologist ‘coeliac disezse is 
an abnormal jejunal mucosa that responds mor- 
phologically to a gluten-free diet'! This is too 
general a definition for a paediatrician to use 
because it would include conditions of transient 
gluten intolerance that affect young infants.? 

In 1969, members of the (then) European Society 
for Paediatric Gastroenterology? proposed that 
coeliac disease is a permanent condition of gluten 
intolerance; a gluten-free diet will allow complete 
recovery of the intestinal mucosal lesion, and 
gluten reintroduction (a ‘challenge’) will produce a 
mucosal relapse. In the ensuing discussions, it was 
suggested indirectly that mucosal relapse after 
challenge should occur within 2 years. This definition 
has been influential in determining the menagement 
of coeliac children in Europe.* It introduced the 
importance of considering the response of the 
patient to gluten with time. But it may have over- 
stated or oversimplified the facts. 


Is coeliac disease permanent? 


No series of coeliac patients has been followed and 
re-examined throughout life, and therefore 
permanence has not been proved. There is much 
evidence to suggest that gluten intolerance is 
persistent. In several studies in which coeliac 
children have been re-examined arter years on a 
normal gluten-containing diet, there are an 
impressive number of clinical lesions and symptoms, 
particularly anaemia and growth retardation.’ 
In one study® the patients had few symptoms, but 
each one in whom the original diagnosis was 


supported by intestinal biopsy had an abnormal 
intestinal mucosa when re-examined. 


Do coeliac patients respond uniformly to reintroduction 
of gluten? 


In series of treated coeliac children who were given 
relatively large (10-20 g) doses of gluten each day®~!® 
histological relapse was found within 3 to 6 months 
in 50-77% of cases. In the studies of Hamilton and 
McNeill" 2:25 g gluten daily produced mucosal 
relapse in only 25% after 6 months, although over 
90% had relapsed by one year. Taking the series 
together, there is probably evidence of a dose- 
response rate, but individual variation in speed of 
mucosal response is well recognised. Delay in 
mucosal relapse for more than 2 years after restarting 
gluten is rare!? but may occasionally be seen. 
Egan-Mitchell et al.1* recently reported one coeliac 
child whose mucosa was normal after 28 months of 
gluten ingestion but which became abnormal after 
63—74 months. 

These data, together with the studies of ‘neglected’ 
coeliac disease described above, all argue that the 
potential responsiveness of the coeliac mucosa to 
gluten persists, although the speed and perhaps the 
extent of the response may vary. 

Recent evidence from workers in Paris suggests 
that the mucosal responsiveness may vary from 
time to time. Three French girls, who had early 
clinical findings entirely compatible with coeliac 
disease, responded rapidly to a gluten-free diet. 
Later gluten challenge (physician-planned or patient- 
inspired) produced the typical histological lesions of 
coeliac disease when the three girls were 44 to 10 
years old. Gluten was continued for 5—12 years. 
At age 15-17 years their intestinal mucosas were 
virtually normal. 

Spontaneous clinical 1mprovement of childhood 
coeliac disease in adolescence was recognised before 
the advent of a gluten-free diet.$ The above cases 
suggest that mucosal healing can also take place in 
certain patients although gluten is being ingested. 
It remains to be seen whether these girls will 
subsequently show a further histological relapse. 
If they do not relapse, they will resemble the pattern 
of temporary intolerance," but with a very pro- 
longed period of sensitivity. If they do relapse 
histologically, they will have upset many working 
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definitions used at present, and will indicate that 
latency can exist in the mucosal response to gluten 
in some cases at some times. 


Does the (untreated) mucosal lesion of coeliac disease 
predispose to malignancy? 


There is a statistically greater incidence of intestinal 
mahgnancy, particularly lymphoma and reticulum- 
cell sarcoma, in adults with coeliac disease.19-?9 
Pretreatment for one year with a gluten-free diet does 
not decrease the incidence of new cases.*! However, 
it is not known whether coeliac patients, on a strict 
gluten-free diet from childhood, will later have an 
increased incidence of malignancy. 


Summary and conclusions 


In coeliac disease gluten sensitivity is persistent and 
may well be permanent. Its manifestations, including 
the severity of the gluten-inducible enteropathy, may 
vary in individual cases, and perhaps from time to 
time, but there are no means currently available to 
predict these responses. The safest advice to our 
child patients with coeliac disease must be to adhere 
to a gluten-free diet indefinitely. 

The present data on malignancy cannot be 
applied to a population of childhood coeliacs. If 
paediatricians choose to use the unknown risk of 
malignancy as an extra reason for encouraging 
compliance with a gluten-free diet, they should do so 
in the knowledge that the case is not proved. 

The real clinical need is to maintain or re-establish 
contact with those coeliac children, often teenagers, 
who default from the clinic or who insist on returning 
to a gluten-containing diet. They may have 
undetected health problems, but even if not, their 
restudy may have much to teach us about gluten 
sensitivity. Meanwhile the search continues for the 
‘cause’ of coeliac disease. 
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24-hour metabolic profiles in diabetic children 


N K GRIFFIN, A SPANOS, P A JENKINS, R C TURNER, G WERTHER, AND J D BAUM 


Department of Paediatrics, University of Oxford, John Radcliffe Hospital, Oxford 


SUMMARY 15 metabolic profiles were performed on 10 diabetic children who were on once-daily 
injections of insulin. Blood and urine glucose concentrations were high throughout much of the 
day and night, and were associated with abnormal levels of blood ketones, lactate, and pyruvate. 
The plasma free-insulin prcfiles gave a characteristic pattern for each type of insulin. The investiga- 
tion gives valuable information for the clinical management of such children. 


The importance of good diabetic control in the 
prevention of microvasculer complications of 
diabetes has been stressed.! This applies as much to 
children as adults, although such complications 
during childhood itself are rare? Although the 
importance of control is acknowledged, the clinical 
evaluation of control remains difficult and relies 
mainly on measurements of urinary glucose 
concentration made at home. However, reports 
stress the difficulties of defining diabetic control in 
these terms, and illustrate the disparity that can 
exist between random urine glucose and blood 
glucose measurements.? It has also been shown that 
occasional blood glucose mezsurements correlate 
poorly with continuously monitored blood glucose* 
and 24-hour profiles of blood glucose based on 
frequent intermittent samples.? Furthermore, Alberti 
et al showed that disturbances of intermediary 
metabolism can occur in apparently well controlled 
diabetic adults if abnormal diurnal patterns of blood 
lactate, ketones, and other metabolites exist in associ- 
ation with relatively normal blood glucose profiles. 

We have attempted to examine the state of 
diabetic control of children by these methods. We 
performed 15 inpatient metabolic profiles and 
simultaneous fractionated urine collections" on a 
selected group of diabetic children on various 
insulin regimens. The results were used to assess the 
quality of diabetic control and illustrate the pattern 
of action of different insulin regimens. 
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Patients and methods 


15 metabolic profiles were performed on 10 co- 
operative diabetic children who were aged between 
10-2 and 16-9 years (mean 13-6) at the time of the 
study. Consent was obtained both from the children 
and their parents before their admission to hospital: 
the study was accepted by the hospital's Ethics 
Committee. All the children were on once-daily 
injections of Lente*, Rapitardf, or Monotardt 
insulin. Further details of the patients are given in 
Table 1. Four children (Cases 1~4) were studied on 
both Lente and Rapitard insulins and Case 1 was 
also subsequently studied on Monotard insulin. 

The clinical assessment of control in children 
attending the Oxford Paediatric Diabetic Clinic has 
been based on the patient's symptoms, growth 
velocity, and the 24-hour glucose excretion measured 
at home. In addition, measurements of urine glucose 
concentration, using the Clinitest 2-drop method,’ 
were performed at home two or three times daily. The 
outpatient assessment of the patients’ control at the 
time of the study is shown in Table 1. All the 
patients were free from symptoms and excessive 
glycosuria (persistent home urine tests of 2% or 
greater), and were growing at a normal rate. 

The protocol of the investigation is shown in 
Fig. 1. The children were admitted to hospital in the 
evening and the study began before breakfast the next 
morning. During the period in hospital the patient's 
dose of insulin and diet were continued as pre- 
scribed at home. The diet was prescribed in terms 
of carbohydrate with 25% of the total allowance at 
each main meal, 5% at the midmorning snack, and 
10% in the afternoon and at bedtime. The children 
were kept up and active throughout the day and had 
walks in the hospital grounds. A plastic cannula was 
inserted into a peripheral vein at 0600 hours, and 


*Various manufacturers, {Novo Industries, Copenhagen. 
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Table 1 Details of patients at time of investigation. The most recent outpatient clinical assessment of control is 
also shown 














Case Sex Age Duration of Insulin Make Dose Clinical assess- 
diabestes ( years) (units) ment of control 
i* M 10 3 62 Lente Unspecified 38 Fair 
10 3 62 Rapitard Novo ag Poor 
113 72 Monotard Novo 44 Poor 
2 M 11 5 2-4 Lente Unspecified 46 Fair 
11 5 24 Rapitard Novo 46 Good 
3 M 15-2 6 6 c Unspecified 56 Good 
15 3 6.7 Rapitard Novo 56 Good 
4 M 14 9 1-3 Lente Unspecified 34 Vanable 
14-9 1-3 Rapitard Novo 34 Variable 
5 F 16.8 IO 8 Monotard Novo 76 
6 E 14 I 88 Monotard Novo 62 Good 
7 M 13.6 10 Monotard Novo 40 Poor 
8 M 15 9 4.0 Monotard Novo 88 Pair 
9 M 12.8 6-0 Monotard Novo 24 Good 
10 F 14.3 01 Monotard Novo 44 Good 
24-hour profile using the enzymatic methods described by Bergmeyer 
Pus and Gawehn.® Blood was also put into lithium 
Protocol heparin and the plasma fraction separated and 
———— stored at —20°C for analysis of free insulin. Insulin 
Admitted after school on Friday antibodies were extracted from the plasma using > 
polyethylene glycol? and the free-insulm was 
Study from Saturday 7.00 to Sunday 7:00 measured by radioimmunoassay using a charcoal 
separation method. 
Samples Time Events The results for each patient were plotted against 
the time of day, giving a 24-hour profile for each 
60 Cacia: eBaried variable. Mean values were calculated for the day- 
——— 7 n ae time period from 0700 to 2100 hours, and for the 
715 easel night-time fasting period from 2100 to 0700 hours 
D — e from the area under the curve. 
C 10 00 Snack The patients were divided into three groups 
= 12 00 Lunch according to their insulin regimen and a mean 
: 15 00 Tea profile for each group was calculated. The urine 
= 18 00 Supper glucose loss in g/hour was plotted against time. 
P4 —— 20-00 Snack 
sence oe 
—— Glucose. Fig. 2 shows an example of a blood and 
n— urine glucose profile obtained from Case 3 on Lente 
CERT AES 700 End study 
Fig. 1 Summary of protocol of the investigation. = 
E os z Lente insulin 
re p^ Mean blood glucose 
kept patent with heparinised saline. Blood samples i7 p E PA T biis 
were taken at times related to meals and at intervals — " ,|7 =m 
during the subsequent night. In addition all urine E 5] wo 
passed was collected, the volume measured, and an ol zo 
aliquot was saved for glucose estimation by glucose $ 
a analyser (Analox)*. : . j Urine giucaee loss »5129/24h 
£^ Blood samples were put into preweighed tubes & 5 0700- 2100 = &7g 
containing 5% perchloric acid for analysis of blood £ 0 o 


glucose, lactate, pyruvate, aceto-acetate, and 3- SOOO WO 20“ 
hydroxybutyrate; subsequent assays were performed vi 
pe Fig. 2. An example of blood and urine glucose profile 


*Analox Instruments Ltd., Oxford. obtained from a patient (Case 3) on Lente insulin. 
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insulin. During the daytime his blood glucose 
varied between 7-6 and 14:4 mmol/l (137—259 
mg/100ml) in response to meals, with a mean for the 
daytime period of 11-0 mmol/l (199 mg/100 ml). 
This was associated with heavy glycosuria after 
breakfast and the evening meal but not after the 
midday meal. Overnight the blcod glucose was 
relatively constant in the range 4:5 to 4:9 mmol/l 
(81—89 mg/100 ml) from 0200 to 0700 hours. 

The mean and ranges of blood and urine glucoses 
are shown in Figs 3, 4, and 5 for the patients on 
Lente, Rapitard, and Monozard insulins respectively. 

The blood glucose profiles of patients on Lente 
insulin (Fig. 3) showed high blood glucose levels 
during the day with maximum values 30 minutes 
after meals, ranging up to 34-5 mmol/l (620 mg/100 
ml) The mean blood glucose for these patients for 
the daytime period was 13-9 mmol/1/251 mg/100 mI) 
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Fig. 3 Mean and range of blood glucose and mean 
urine glucose values over 24 hours for the 4 children on 
Lente insulin. 
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Fig. 4 Mean and range of blood giucose and mean 
urine glucose values over 24 hours for the 4 children on 
Rapitard insulin. 


(g/h) 
hmm om © 


m 81585 


( mg/TDO ml ) 


S588 8 § 8 es 8 


Blood glucose ( mmol/l) 
c B 





ow g 


1800 2000 


2400 0400 0800 
Urme glucose lost 


ONA e 


(gih) 


Fig.5 Mean and range of blood glucose and mean 
urine glucose values over 24 hours for the 7 children on 
Monotard insulin. 


compared with the night-time mean of 8:2 mmol/l 
(148 mg/100 ml). By 0500 hours, none of the patients 
had a blood glucose higher than 5:9 mmol/l (106 
mg/100 ml) and the mean was 5:2 mmol/l (92 
mg/100 ml) Glycosuria was heaviest in the mid- 
morning and after the evening meal and there was a 
mean urinary glucose loss of 60 g during the day 
compared with 17 g overnight. 

Patients on Rapitard insulin showed a mean 
blood glucose profile (Fig. 4) with little difference 
between the mean daytime and night-time levels. 
The lowest points of the profile were seen before the 
midday and evening meals, but the blood glucose 
reached levels up to 47:2 mmol/l (850 mg/100 ml) 
after meals with associated heavy glycosuria. A 
difference between day and night-time glycosuria was 
observed and there was a mean excretion of 47 g 
during the day compared with 17 g overnight. 

The mean blood glucose profile from the 7 
patients on Monotard insulin (Fig. 5 ) showed Jess 
variation during the day than from those on the 
two other regimens. The mean daytime blood 
glucose was 11-9 mmol/l (214 mg/100 ml) compared 
with the night-time mean of 10:9 mmol/l (196 
mg/100 ml). Overall the blood glucose values were 
lower on Monotard than on the other two insulins, 
and one child was borderline hypoglycaemic for 
much of the day. The urine glucose excretion was 
also lower in this group and no particular peaks were 
apparent. 


Plasma insulin. The mean and ranges of the plasma 
insulin profiles for the three groups of patients are 
shown in Figs 6, 7, and 8 

The mean insulin profile from the 4 patients on 
Lente insulin (Fig. 6) showed the peak plasma level 
(19-6 mU/l) 3 hours after injection with a steady fall 
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Fig. 6 Mean and range of plasma free-insulin value 
from 4 children on once-daily Lente msulin. 
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Fig. 7 Mean and range of plasma free-insulin values 


dk from 4 children on Rapitard insulin. 
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Fig. 8 Mean and range of plasma free-insulin values 
from 5 children on Monotard insulin. 
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thereafter, reaching a basal level of 7 mU/1 22 hours 
after the injection. 

The mean plasma insulin profile from the 4 
patients on Rapitard insulin (Fig. 7) showed a peak 
level (22:6 mU/D occurring within 14 hours of the 
injection, presumably due to the fast-acting Actrapid 
component, followed by a rapid fall during the 
subsequent 2 hours. Thereafter there was a slower 
fall in circulating free insulin throughout the 
remainder of the 24-hour period. 

Plasma insulin values were obtained on 5 patients 
on Monotard insulin (Fig. 8). The mean plasma 
insulin profile was similar to that in patients on 
Lente insulin, with a peak value (20: 3 mU/I) 3 hours 
after injection and a steady fall thereafter. 


Total blood ketones. The total blood ketones were 
calculated from the sum of the acetoacetate and 
3-hydroxybutyrate values. The mean 24hour 
profile and ranges for all 15 studies is shown in 
Fig. 9. The mean total blood ketone concentration 
was raised (0-52 mmol/I) before the morning insulin 
injection, compared with normal adults.’ It fell to 
normal after the midday meal and remained at a 
normal level until 2300 hours, thereafter the con- 
centration increased overnight. 


Blood pyruvate and lactate. Blood concentrations of 
lactate and pyruvate were similar to normal adult 
values for most of the day in all the patients studied, 
but the levels were abnormally high in some 
individuals especially after meals. The blood lactate 
and pyruvate levels tended to change together and 
the lactate/pyruvate ratio showed little variation. 
Mean and ranges for blood lactate, pyruvate, and 
total ketones are shown in Table 2. 
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Fig. 9 Mean and range of blood total-ketones from 
15 children on the three different insulin regimens. 
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Table 2 Mean (and range) of all blood lactate, 
pyruvate, and ketones measurements for each patient 
during a 24-hour period 





Case Lactate (mmolj]I) — Pyruvcte (mmol/l) Ketones (mmol/f) 
H 1-13 (0 52-2 21) 0 12 ()-08-0-20) 0.15 (0-04-0 45) 

0.92 (0.46-1:45) 0 10 (0-05-0-17) 0 34 (0:06-1:75) 

1-15 (0 502.40) 0 11(0.06-0 18) 0.12 (0 02-0 44) 

2 1-09 (0 43-1 78) 0 11(0 06-0.15) 0 07 (0-040 17) 

0.90 (0.31-1-61) 0 11 (C 07-0 16) 0.06 (0 00-0 14) 

3 1 07 (0 64-2 55)  0.07(C 00-0 12) O 11 (0 03-0-23) 

0 99 (0-63-2-64) 0-19 (0 07-0 23) 0-17 (0-07-0-54) 

4 1 16 (0 682.60) 0 09(0.06-0 14) 0 67 (0-07-0 50) 

0-87 (0 53—1 42) 0-10 (0-05-0 13) 0 27 (0-04—1 15) 

5 0-66 (0.35-0.90) 0-06 (0 02-0 10) 0 07 (0-00-09 40 

6 1-09 (0.59—2 51) O 10(0-06-0 17) 0 18 (0 03-1:97) 

7 1-17 (0-34-1 90) 0-07 (0-03-0-10) 0 30 (0-05-0 73) 

8 0 90 © 53—1.21) 0-06 (0 04-0 09) 0 05 (0-02-0.10) 

9 1-77 (0-69-2 72) 0.09 (0-05-0-14) O 13 (0 02-0 34) 
10 140(0.85— 65) 0.13 (0-11-0 17) 0 07 © 03-0 13) 





Conversion: SI to traditional units. —Lactate: 1 mmol/l s; 9-0 mg/100 
ml. Pyruvate: 1 mmol/l ~ 8 8 mg,100 ml, Ketones: 1 mmol/l aw 
10 2 mg/100 ml. 


Discussion 


The need for improved techniques to monitor the 
control of diabetes has Leen stressed with the 
recognition that better control leads to fewer 
complications and an improved prognosis.! Although 
clinically evident diabetic ccmplications are rare in 
childhood,’ early changes of diabetic retinopathy can 
be seen in up to 14% of ciabetic children,” and 
basement membrane thickening may be fcund in 
renal or muscle biopsies.!? Efforts have therefore 
been made to evaluate the quality of diabetic 
control. Monitoring of cortrol by the frequent 
measurement of capillary blood glucose levels at 
home has been shown to improve the standard of 
control in some adult diabetics,!45 but there are 
problems of practicality that make such measure- 
ments in children less acceptable. The level of 
haemoglobin A} has been -eported to correlate 
with other measurements of diabetic control! and 
may prove to be an important additional tool in the 
management of diabetes. Ia children, 24-hour 
fractionated urine collections for glucose excretion 
have proved useful in improving the quality of 
diabetic control."!? However measurements of the 
24-hour profile of glucose and other intermediary 
metabolites in adult diabetics have shown that the 
latter may be disturbed even in the presence of good 
blood glucose control.? Moreover, knowledge cf the 
actual patterns of diurnal change in blood glucose 
associated with the use of particular insulins 
provides an improved basis both for understanding 
the results of urine tests and for further rationalising 
clinical management. 

This study was designed to assess the acceptability 
and value of 24-hour metabolic profiles in diabetic 


children. The children found the investigation 
acceptable: the insertion of the plastic cannula was 
tolerated well and, once positioned, it caused little 
discomfort and enabled samples to be withdrawn 
without difficulty and without waking the enne at 
night. 

The children were not all in a state of ideal seis 
control, nor was the degree of control comparable 
between patients but, despite this, the study gives 
useful information about individual patients and 
patient groups. The results show that children who 
appear to be in reasonable control using normal 
outpatient clinical criteria may have high levels of 
blood glucose for much of the day and night with 
correspondingly high 24-hour urinary glucose losses. 
It is particularly noteworthy that the postprandial 
peaks of blood glucose may be extremely high and be 
associated with short periods of heavy glycosuria 
which may be missed by routine home urine tests, ~ 
conventionally performed before meals, in particular ^ 
before breakfast and the main evening meal. 

The postprandia! glucose peaks were particularly 
pronounced in patients on Rapitard insulin, who 
had relatively low blood glucose levels before their 
midday and evening meals. Patients on Lente 
insulin, on the other hand, had their lowest blood 
glucose levels at 0500 hours. This agrees with clinical 
experience that attempts to treat daytime glycosuria 
in patients on Lente insulin by increasing the insulin 
dose may cause early morning hypoglycaemia, 
whereas in patients on Rapitard insulin, similar 
attempts are more likely to cause hypoglycaemia 
before meals during the day. Patients on Monotard 
insulin had smoother profiles, with similar mean 
blood glucose levels during the daytime and the 
night-time periods. 

The plasma insulin levels showed the profiles 
resulting from single injections of long-acting 
insulin. The peak plasma level was achieved earlier 
with Rapitard insulin than with Lente or Monotard 
insulin. Lente and Monotard were associated with 
a slower rise followed by a gradual fall throughout 
the remainder of the day. Patients on Rapitard had a 
more constant level of insulin during the day and 
night after their early high levels had subsided. It is 
noteworthy that therange of plasma insulin measured 
at any time was large, even within groups of patients 
on the same insulin. However the shape of the insulin 
profile was similar in patients within each small 
group. 

The total blood ketone concentrations remained 
within the normal rauge for young adults throughout 
the 24-hour period in only one child, but in no case 
was it outside the range all the time. High levels of 
blood ketones were usual before the insulin injection 
and breakfast, and fell rapidly thereafter. However, 
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many patients did not achieve normal levels of blood 
ketones until after the midday meal. This is in 
keeping with a state of relative insulin insufficiency 
in the prebreakfast hours corresponding to the 
duration of the insulin action falling short of 24 
hours. 

The abnormal levels of lactate and pyruvate which 
were observed, and the marked swings in their 
values, confirmed similar findings in metabolic 
profiles performed on adult diabetics.9 They illustrate 
the degree to which metabolic homeostasis is 
disturbed in diabetic children, although the actual 
explanation for these variations is uncertain. 

This study shows the value of metabolic profiles in 
diabetic children by allowing variations in insulin 
type and dose to be objectively evaluated. It also 
gives preliminary information about the action of 
different insulin regimens as the patterns of the 
profiles were relatively consistent within the groups 
and allowed some comparisons to be made. While it 
can and should be argued that any metabolic 
pattern seen in a study performed in hospital is 
likely to be different from similar observations made 
on children in their homes, we nevertheless feel that 
the patterns of change provide useful information 
on which to rationalise clinical management. 
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Infection during remission induction in childhood 
leukaemia 


JUDITH M CHESSELLS AND ALISON D LEIPER 
The Hospital for Sick Children, London 


SUMMARY We have analysed our experience in the management of suspected infection in a group 
of 221 children with acute leukaemia undergoing induction of first remission. Patients with suspected 
infection received early empirical antibiotic therapy with cephalothin and gentamicin pending 
results of bacteriological investigations. Infection occurred in 17% of children with acute lympho- 
blastic leukaemia (ALL) whose initial treatment comprised prednisolone and vincristine, and was 
serious in 6-5%. 27% of children with ALL treated with intensive induction had infections which 
were serious in 20%; the figures for children with acute myeloblastic leukaemia (AML) were 49 ¥ 
and 22% respectively. The organisms responsible for most infections were Pseudomonas aeruginosa 
and Staphylococcus aureus; the former being most often associated with bacteraemia. One child 
(0-5%) died from infection. 

We conclude that with the use of early empirical antibiotic therapy, and granulocytes when 
appropriate, infection is no longer a major cause of death during remission induction. No special 
precautions are necessary to prevent its acquisition in most cases of ALL. In patients receiving early 
intensive treatment, including those with AML, measures designed to prevent acquisition of infection 


may reduce morbidity and enable the use of more effective chemotherapy. 


Infection is the most common complication of 
remission induction in acute leukaemia. The 
incidence of infection during induction is pro- 
portional to the duration and severity of the 
neutropenia, almost inevitably present during the 
first 2 weeks of treatment in acute lymphoblastic 
leukaemia (ALL), and generzlly for several weeks in 
acute myeloblastic leukaemia (AML). There has 
been widespread acceptance of the concept of early 
antibiotic therapy in the febrile neutropenic patient, 
and of the value of granulocyte transfusions in the 
management of established infection; these reports 
usually concern large series of adult patients with 
AML. We have analysed our experience in manage- 
ment of infection in a group of children with acute 
leukaemia undergoing remission induction. 


Patients and methods 


The patients were children (aged up to 15 years) with 
acute leukaemia undergoing induction of fist 
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remission at The Hospital for Sick Children between 
September 1973 and January 1978. Most children 
were admitted to hospital for confirmation of the 
diagnosis and the first 2-3 days of treatment, but if 
well were discharged home as soon as possible 
thereafter, irrespective of their neutrophil counts. 
Children were generally admitted with a parent and 
were often nursed in a cubicle in which the mother 
also resided. Children with AML were always nursed 
in cubicles in simple reverse isolation. All patients 
received the normal ward diet and no use was made 
of skin decontamination or nonabsorbable anti- 
biotics. l 

Antileukaemic treatment was started within 
24-48 hours of diagnosis after treatment with 
allopurinol. Most children with ALL received 
prednisolone and vincristine with addition of 
L-asparaginase after recovery of their blood counts, 
usually during the third or fourth week of treat- 
ment. 
prognostic features (WBC >20 x 10°/] before 
treatment, mediastinal mass, or aged more than 
14 years) received more intensive initial treatment, 
usually with COAP (cyclophosphamide, cytosine 
arabinoside, vincristine, and prednisolone). Patients 
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with AML received courses of TRAP (thioguanine 
daunorubicin, cytosine arabinoside, and  pred- 
nisolone) or TRAV (substitution of vincristine for 
prednisolone). These two regimens were given as 
5-day courses with 2- to 5-day rest periods between 
courses: most children with AML remained in 
hospital during the first two to four courses of drugs 
(3 to 6 weeks) but if well were allowed home during 
treatment-free periods between courses. 

During this induction phase a standard protocol 
was followed for investigating and treating the child 
who had recurrent or sustained pyrexia (>38°C). 
Cultures were taken of blood, nose, posterior 
pharyngeal wall, cough swab or sputum, rectum, 
urine, and any skin lesion present. A chest x-ray was 
performed and the cerebrospinal fluid was examined 
if there appeared to be a clinical indication. 

Blood cultures were taken into Castenada’s 
(aerobic) and Brewer’s (anaerobic) medium and 
subcultured on day 7. Cough swabs, nose, and 
throat swabs were plated on to chocolate agar, blood 
agar, MacConkey’s and Hoyle’s medium. Mouth 
swabs and skin swabs were plated on to blood agar, 
MacConkeys’ and Sabouraud’s medium. Urine was 
plated on to CLED (cysteine lactose electrolyte 
deficient) medium, and faeces on to Salmonella 
Shigella agar and CLED medium. 

After appropriate specimens were collected the 
pyrexial neutropenic child (neutrophils «0:5 x 
10°/l) was treated with IV antibiotics, gentamicin 
8 mg/kg per day and cephalothin 80 mg/kg per day 
both given IV in four divided doses. Peak and 
trough levels of gentamicin were performed and the 
dose of gentamicin was adjusted accordingly. If 
there was a clinical suspicion of Pseudomonas 
aeruginosa infection (for example, skin or mucosal 
lesions) carbenicillin 20 g/m? per day, IV 4-hourly, 
was added to this regimen. 

This empirical first-line combination was then 
adjusted according to the results of microbiological 
investigations. In proved bacterial infections treat- 
ment was continued for a minimum of 7 days and 
until the patient had been afebrile for at least 5 days. 
If infection could not be demonstrated the anti- 
biotics were usually stopped after 5 days (see 
Results). Granulocyte transfusions were given, if 
available, to the febrile neutropenic child with 
proved serious infection in whom there was no 
immediate expectation of impending marrow 
recovery. From 1973 to 1975 granulocytes were 
obtained from donors with chronic myeloid 
leukaemia or from relatives by continuous flow 
centrifugation by Lowenthal ef al. at the Hammer- 
smith Hospital! From 1976 onwards granulocytes 
were obtained from relatives and ABO Rh com- 
patible donors using a Haemonetics cell separator. 


Investigation for possible viral infections was not 
performed routinely on all cases, only on children 
with persistent pyrexial illness unresponsive to anti- 
biotics and apparently not attributable to bacterial 
infection. 

We attempted to classify the results according to 
the criteria described by the antimicrobial therapy 
project group of the European Organisation for 
Research on Treatment of Cancer? This classifica- 
tion is shown in Table 1. We also attempted to 
define the incidence of serious infections; this was 
necessarily a subjective exercise but in general serious 
infections comprised all bacteraemias and severe 
pneumonia or cellulitis. 


Results 


The results of investigations and the outcome of 
treatment in the whole group of 221 children are 
shown in Table 2. Although 40% of children with 
ALL had an episode of pyrexia during remission 
induction, infection was confirmed or probable in 
less than one-half of these and serious infection 
occurred in less than one-quarter. In contrast 
probable infection occurred in one-half of all 
children with AML and serious infection in almost 
one-quarter. Episodes of pyrexia were common and 
only 3 children with AML completed 8 weeks’ 
treatment without a proved or suspected infection. 


Microbiologically confirmed infections (class 1). In 
Table 3 are listed the organisms isolated in the 
patients with microbiologically proved infections. 


Table 1 Classification of infections (EORTC, 1978)* 


I Macrobiologically confirmed infection 
with bacteraemia 
without bacteraemia 
E Chinrcally confirmed infections: signs and symptoms with an 
identiflable site but without microbiological proof of the 
aetiological agent 
III Probable infection’ equivocal signs and symptoms of infection 
with no microbiologica! confirmation 
IY Doubtful infection: in retrospect the febrile episode was 
probably not due to infection 





Table 2 Incidence of infection 


ALL (n = 184) AML (n = 37) 
No. p No. eA 
Pyrexial during induction 73 40 31 84 
Confirmed or probable 
infection 34 18 18 49 
Doubtful infection 39 22 13 35 
Serious infections 16 9 8 24 
Death during first 8 weeks of 
treatment 3 1-6 5 14 
Death primarily due to 
Infection 1 0 





120 Chessells and Leiper 


Table 3 Microbiologically confirmed infections 
ALL AML 


Bacteraemla 

Pseudomonas aeruginosa 6 1 
Escherichia coli 4 1 
Staphylococcus aureus 1 ~ 
Strepiococcus pneumoniae Í — 
8-Haemolytic streptococcus — i 
Klebsiella pneumoniae — 


No bacteraemia 
Pseudomonas aeruginosa 1 4 ( 
Staphylococcus aureus 8 (4) 3 (1) 
f-Haemolytic streptococcus 2 4 
Escherichia coli 1 — 
Mycoplasma pneumoniae — 2 
Candida albicans 1 


Figures ın brackets correspond to serious nonbacterremic infections. 
Numbers do not correspond to those in Table 2 as some children had 
multiple infections. 


The organisms responsible for most infections were 
P. aeruginosa and Staphylococcus aureus. Pseudo- 
monss was responsible for the largest number of 
bacteraemic infections (7 patients, 6 of whom had 
associated cellulitis or rectal ulceration). All these 
children were treated with carbenicillin and 
gentamicin except one in whom the organism was 
resistant to carbenicilin who received tooramycin. 
Granulocyte transfusions were given to 6 of the 7 
bacteraemic patients; the 7-h, a boy with AML in his 
fourth treatment week, recovered with antibiotics 
and achieved remission one week later. One girl with 
ALL died despite treatment with antibiotics and 
granulocytes. 

S. aureus was responsible for one episode of 
bacteraemia in a girl with ALL and skin lesions, 3 
cases of pneumonia (one with meningitis) in children 
with ALL, 2 serious cases of cellulitis (one in ALL), 
and 6 less serious skin infections. One of the 3 
children with pneumonia died of renal failure and 
pulmenary haemorrhage; the other children all 
recovered. Granulocytes were given to the patients 
with bacteraemia with meningitis and to one girl 
with AML and cellulitis. 

Five children had Escherichia coli bacteraemia, 
one associated with pneumonia and one with skin 
sepsis, and a 6th child had a urinary tract infection. 
All 5 septicaemic children recovered although one 
developed subsequent pseudomonas infection and 
died. Granulocytes were given to 4 of the 5 
bacteraemic children. 

The single episode of pneumococcal bacteraemia 
took place in a child with pneumonia, the group A 
8-haemolytic streptococcal infection was associated 
with cellulitis, and the child with bacteraemia due to 
Klebsiella pneumoniae had AML resistant to 
remission induction but no localised signs of 
infection. Candidiasis occurred in 5 children: in one 


with ALL and 4 with AML. Slight infection in 3 
children responded to oral nystatin. Severe muco- 
cutaneous infection occurred in 2 children both with 
AML, but responded to oral and topical nystatin 
and amphotericin. Candida septicaemia was not 
observed. 


Clinically diagnosed infections (class ID. These 
occurred in 9 children with ALL and one was 
deemed serious: a boy with persistent abdominal 
pain and pyrexia, treated with gentamicin 
cephalothin, and carbenicillin, eventually developed 
signs of a subphrenic abscess necessitating 
laparotomy and removal of a spleen with multiple 
abscesses. Four patients had acute otitis media, 3 
clinica! and radiological signs of pneumonia, and one 
diarrhoea and vomiting for which no infective cause 
was found although other family members had 
similar symptoms. 

Four children with AML developed otitis media 
during remission induction and 2 had clinical signs 
and minor x-ray changes of pneumonia. 


Probable infection (class IM). Two children with 
ALL were thought to have clinical evidence of 
infection; both had severe neutropenia and persistent 
swinging pyrexia but in neither did bacteriological 
or virological cultures show a source of infection. 
Recovery of the neutrophil count was associated 
with resolution of the fever in both of them. 


Doubtful infection (class IV). Many children with 
ALL (39) had episodes for which no infective cause 
was found. In 33 the fever was present during the 
first week of treatment and settled within one to 3 
days of the start of treatment with antibiotics. One 
or more episodes of fever without apparent infective 
cause took place in 13 of the children with AML. 
These were seen with no particular frequency during 
any one week of treatment. 


Mortality 


The number of children dying within the first 8 
weeks of start of treatment is shown in Table 2. Only 
one death was primarily due to infection: this was a 
child with ALL who developed E. coli septicaemia 
and subsequently pseudomonas, cellulitis, and 
septicaemia. One child with ALL died from renal 
failure, and pulmonary and pericardial haemorrhage 
within 6 days, and one child with intracranial 
haemorrhage died 48 hours after admission. Three 
deaths in children with AML, all due to intracranial 
haemorrhage, occurred within 24 hours of admission; 
one child died from progressive disease at 5 weeks 
and one from renal failure at 2 weeks. 
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Morbidity 


Four children with ALL experienced long-term 
sequelae as a result of their initial infections. Two 
required skin grafting because of skin necrosis due to 
pseudomonas cellulitis. One of these, a boy whose 
stormy induction course necessitated 20 granulocyte 
transfusions for the management of his infection, 
later developed chronic cytomegalovirus infection 
and died of cor pulmonale 4 years after his initial 
diagnosis. We are not sure whether or not the 
infection resulted from his repeated exposure to 
blood products. One girl with staphylococcal 
pneumonia and meningitis developed a broncho- 
pulmonary fistula which healed spontaneously and 
she now remains well off treatment 5 years later. 
One boy who had splenectomy for multiple abscesses 


. one year later developed postsplenectomy septi- 


caemia due to Haemophilus influenzae while on 
prophylactic penicillin, and died of fulminating 
infection. 


Relationship of induction regimen to acquisition of 
infection. The prevalence of infection in ALL 
according to induction regimen is illustrated in 
Table 4. The incidence of probable, proved, and 
serious infection is the same for children with 
‘standard risk’ or ‘poor risk’ ALL when treated with 
prednisolone and vincristine. The use of more 
intensive initial treatment is associated with a higher 
incidence of probable and serious infection, but not 
with a higher death rate. The only death from 
infection in ALL was in a girl in the standard risk 
group who received prednisolone and vincristine 
only. 


Time of acquisition of infections (Table 5). We looked 


at the time from the start of treatment when the 
more common microbiologically proved infections 


Table 4 Infection according to induction 1egimen in 
ALL 





Pyrexial Infection Serious Death 
mfection 
No. % No. % No. * 





*Standard' risk patients 

(n = 117) 43 37 20 17 7 6 | 
‘Poor’ risk patients 

Standard treatment 


(n = 37) 15 40 6 16 3 8 ] 
Intensive treatment 
(n = 30) 15 50 8 27 6 20 Í 


TARON a N ESE ape 
"Poor' risk patient, mediastinal mass, WBC >20 x 10?/1 before treat- 
ment, or aged more than 14. Standard’ risk, none of these features 
Standard treatment, prednisolone and vincristine initially. Intensive 
treatment, additional drugs {see text). 


Table 5 Time of onset of infections 


Organism Week of treatment 
I 2 3 4 s 6 7 8 

Pseudomonas 

aeruginosa | 3(1) 2 30) 10) 2(D — 1 — 
Escherichia col: 3 3(10) — — - Ima, ms xt. 
Staphylococcus 

aureus 5(1) 3 3d) — — — — 1 (1) 
B-Haemolytic 

streptococcus 3 (D -— 20) — 1() — — 1 (1) 
Candida 

albicans 202) 2d) — — — ome LC) — 
Total 16 (5) 10@) 8) 14) 3@) — 24) 20) 


Figures refer to total number of infections due to each organism. 
Numbers in brackets are children with AML. 


occurred. As expected those in patients with ALL 
were usually seen during the first two weeks of 
treatment; the two late pseudomonas infections at 
5 and 7 weeks were in children with ALL who were 
slow to remit and who had remained in hospital. No 
child with ALL who was discharged home was 
subsequently readmitted with confirmed or probable 
infection. 


Discussion 


Serious bacterial infection occurred in 6:5% of 
children with ALL whose initial treatment comprised 
prednisolone and vincristine. Thus infection, 
although rare, may cause morbidity or death in 
children who might otherwise experience long-term 
disease-free survival. 

The incidence of infection 1n our patients is close 
to that reported by others. The only similar group of 
children reported from a single centre had an 
identical incidence of serious infection.? In the 
multicentre UK ALL I trial 9% of 198 children had 
bacteraemia or serious pneumonia during induction 
with prednisolone and vincristine, and there were 
two deaths from infection during induction.* 

We have also shown, not unexpectedly, that 
intensification of early treatment in ALL carries the 
risk of a higher incidence of infection, and the 
implications of this are discussed below. 

A greater number of children with AML were 
pyrexial and had proved infections although no 
child died as a result of infection during the induction 
period. Àn analysis of early death in patients with 
AML suggests that death is most often due to 
bacteraemia associated with local infection, and 
Occurs in patients whose disease is slow to respond to 
chemotherapy.) Our results suggest that younger 
patients have a greater ability to withstand marrow 
hypoplasia induced by treatment and confirms a 
similar finding by other workers.® Our 3 early deaths 
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from intracranial haemorrhage might possibly have 
been avoided by a more prompt and liberal use of 
platelet concentrates immediately after admission. 

What lessons have we learned from our experience 
in management of the febrile neutropenic child ? Our 
policy of early empirical treatment with antibiotics 
gave satisfactory results and was associated with a 
low death rate. In retrospect many patients received 
antibiotics unnecessarily. Could this overuse of 
antibiotics have been avoided? Most of the febrile 
episodes in children with ALL which were classified 
as “doubtful infection’ took place during the first 
week of treatment and settled w-thin 2-3 days. 
However there was no sure way of determining at 
the onset of the episode whether or not the child 
would prove to have bacteraemia. The febrile 
episodes in children with AML were not clustered 
in any particular week of treatment. Most patients in 
whom bacteraemia was proved also nad skin lesions 
or changes in their chest x-rays, but this was not true 
for all patients, particularly those with infections due 
to Gram-negative organisms. In view of the rapidity 
with which deterioration and death can occur in 
Gram-negative bacteraemia early broad spectrum 
antibiotic treatment must be given to the febrile 
neutropenic patient." 

Our choice of antibiotics was modified once the 
result of cultures had become available but it seems 
that our initial choice although effective was not the 
best one. We did not see nephrotcxicity due to the 
combination of cephalothin and gentamicin in this 
group of patients but this compkcation has been 
reported.® We have ourselves seen nephrotoxicity in 
children with aplastic anaemia who received this 
antibiotic combination during repeated pyrexial 
episodes. 

P. aeruginosa was the organism most often 
responsible for bacteraemia in our patients and 
therefore the combination of gentamicin and 
carbenecillin is a more logical first choice and the one 
which we have now adopted. This ccmbination has 
recently been demonstrated by the EORTC anti- 
microbial project group to be superior to others 
containing cephalothin (cephalothin and car- 
benecillin, cephalothin and gentamicin) as initial 
empirical treatment in granulocytopenic patients.* 
The group suggest that if there is no response to 
antibiotics these should be stopped once the 
possibility of bacterial infection can reasonably be 
discounted—after about 96 hours. This policy should 
reduce toxicity and the unnecessary use of anti- 
biotics. It is important in patients apparently 
responding to antibiotics to continue treatment for a 
minimum of 7-10 days even if cultures prove sterile; 
too early cessation of treatment may cause relapse of 
infection and death.? 


We may have failed to diagnose viral infections in 
the group of children with unexplained pyrexia. The 
indications for virological investigation were 
restricted but it did not seem as if viral infections 
were a major cause of morbidity in this group .of 
patients. Nonbsacterial infections assume greater 
importance in patients who are immunosuppressed 
after prolonged chemotherapy. 

It is difficult to assess the benefit of granulocyte 
transfusions in our patients as they were not given as 
a controlled trial and during the earlier years they 
were not always available. Most of our patients with 
Gram-negative bacteraemia received granulocytes 
and it is in such patients that these appear to be of 
most benefit.!? In ALL treated with prednisolone and 
vincristine, when there is expectation of early 
marrow recovery, granulocyte transfusions are only 
likely to be indicated in a few patients—such as 


those in our series with early pseudomonas or E. coli Es 


infection. l 

Should we adopt a more rigorous approach to the 
prevention of infection? There appears from our 
results to be no indication for such an approach 
during standard induction of ALL, and outpatient 
treatment or early discharge home is clearly in the 
best interests of most patients and their families. No 
patient with ALL in this series discharged from 
hospital was readmitted with serious infection and 
therefore there seems no justification for a prolonged 
stay in hospital. 

These children were all undergoing first remission 
induction. Greater infective problems might be 
anticipeted in children undergoing reinduction after 
relapse during chemotherapy. In theory there might 
be a cse for more stringent measures to prevent 
infection in such children with resistant ALL. 
However we have recently used a combination of 
prednisolone, vincristine, daunorubicin, and L- 
asparaginase in children relapsing during treatment 
and have adopted the criteria here described for 
admission to hospital and for treatment of suspected 
infection. Remission was achieved in over 90% of 
patients without any deaths from  infection.!? 
Children relapsing during treatment have an 
extremely poor prognosis and prolonged stay in 
hospital would seem to be even less desirable for them 
than for other patients. 

What attitude should be adopted in AML? Our 
patients were isolated in an attempt to prevent 
acquisition of infection while in hospital but were 
allowed home during treatment-free periods in 
hospital. Only 3 (8%) of our patients with AML 
escaped a course of antibiotics although no patient 
died with infection. The rate of acquisition of 
infection during treatment can be reduced by 
reverse isolation. oral nonabsorbable antibiotics, and 
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topical antiseptics.!* It remains to be seen whether 
such measures by enabling more intensive treatment 
will influence remission rate or survival, but in one 
recent report this seemed to be the case.? The 
cembination of trimethoprin-sulphamethoxazole, of 
proved benefit in prevention of pneumocystis 
infection in children with ALL, has recently 
been used to prevent or delay infection in neutropenic 
patients with acute leukaemia.!5 However the use of 
co-trimoxazole as a preventive agent or as first-line 
treatment will not obviate the risk of infection with 
pseudomonas and may increase the incidence of 
resistant organisms. A controlled trial of pro- 
phylactic co-trimoxazole in neutropenic patients 
is at present being conducted by the EORTC. 
If this drug proves helpful in preventing infection, its 
use should certainly be considered in children with 
AML. 

Our results in patients with ALL show that 
children with low and high leucocyte counts at 
presentation have an equal risk of infection but that 
this risk is increased by intensive early treatment 
with combinations such as COAP. Similarly early 
treatment with L-asparaginase in the UKALL II trial 
was associated with more serious infections and 
deaths than treatment with prednisolone and 
vincristine alone as in UKALL I.* However the 
infections in our patients all responded to treat- 
ment with antibiotics and granulocytes where 
appropriate. 

It is possible that treatment with multiple cytotoxic 
agents early during induction may achieve an 
increased duration of subsequent remission. An 
analysis of factors influencing duration of haemato- 
logical remission in ALL has suggested that con- 
solidation therapy or use of drugs additional to 
prednisolone and vincristine may be beneficial.’ 
There has been no improvement in the results of 
treatment of ALL for the Jast 5 years, and few patients 
except perhaps girls with low leucocyte counts, can 
truly be deemed ‘good msks’. In present circum- 
stances a trial of early intensification of treatment 
seems clearly justified. The price of such treatment is 
increased risk of infection, but with adequate 
supportive facilities it should be possible for such 
complications to be diagnosed early and treated 
promptly. 
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Decline of hypernatraemia as a problem in 


gastroenteritis 


` P D MANUEL AND J A WALKER-SMITH 


Academic Department of Child Health, Queen Elizabeth Hospital for Children, London 


SUMMARY During the 5-year period 1973—77 there was a considerable changeininfant feeding practice 
(the use of low solute cows' milk formulae instead of high solute formulae and the later introduction 
of solid foods into the diet) which should have led to a reduced incidence of hypernatraemia among 
infants admitted to hospital with gastroenteritis. We have compared the incidence of hypernatraemia 
in such infants admitted during three 12-month periods between January 1973 and December 1977. 
Our results show there was such a reduction; they also show that hypernatraemia did not occur 


in infants fed a low solute milk formula alone. 


Until recently hypernatraemia was a common 
biochemical abnormality in infants with gastro- 
enteritis in Western countries"? and it is not 
unknown in developing ones.? This abnormality has 
been associated with a high mortality rate and 
particularly with cerebral damage.! * This damage is 
generaly due to cerebral oedema or intracranial 
haemorrhage and is the most serious consequence. 

The high incidence of hypernatraemia in infants 
with gastroenteritis in Western countries has been 
associated with a high protein intake which stresses 
the homeostatic mechanisms controlling plasma 
osmolality,’ It has also been associated with hyper- 
osmolar glucose solutions used in the treatment of 
gastroenteritis, and with excessive stool water loss 
caused by intestinal carbohydrate malabsorption 
together with slow treatment of volume deficits.? 

Davies called for a return to breast feeding as a 
protection against hypernatraemia,® but this has 
happened only to a very limited extent. However, the 
use of low solute cows’ milk formulae is now 
widespread and this has been accompanied by later 
introduction of solids into the diet.5 (P D Manuel 
and J A. Walker-Smith, 1973, unpublished observa- 
tions). 

There is now evidence that overconcentration of 
feeds produced by faulty reconstitution ^9 is 
becoming less common, possibly as a result of 
propaganda aimed at discouraging high solute 
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feeds!* although this is not the experience of some 
workers.? 

This study was undertaken to find out if the 
change to low solute feeding has affected the 
incidence of hypernatraemic dehydration in a 
population of infants presenting with acute gastro- 
enteritis. 


Methods 


A retrospective study was made of all infants 
admitted with hypernatraemia to the gastroenteritis 
unit of this hospital during two 12-month periods— 
1 October 1975 to 30 September 1976 and 1 January 
1977 to 31 December 1977. Plasma electrolyte 
concentrations were estimated on admission. Hyper- 
natraemia was defined as plasma sodium concentra- 
tion of at least 150 mmol/l. Clinical details 
particularly those relating to reason for admission, 
feeding history, physical state on admission, and 
results of investigation and treatment were compared 
between the two periods and were also compared 
with results obtained in a prospective study under- 
taken in the same unit from 1 January 1973 to 
31 December 1973 when mainly high solute milks 
were used in infant feeding.1? 


Results 


Total admissions during the three periods were 
comparable and show no decrease in incidence of 
gastroenteritis between 1973 and 1977, Table 1. 
The sex ratio was similar with slightly more boys 
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Table 1 Incidence of hype: natraemia in gastroenteritis 
admissions 





1973 1975-76 | 1977 








(n = 472) (n = 434) (n = 530) 


Sex ratio M.F 
Infants with hypernatraemia 
Infants with (Nat) 160 mmol/l 


5707 51% 56% 
23 (4-95) 11 2-5% 5 (0-922 
8.7923 30:79) 1(0 2% 


(5492). The incidence of hypernatraemia however, 
fell from 4-9 to 0-977 during this period. This fall is 
significant P «0-01. 

The ethnic origin of infants with hypernatraemia in 
1975-76 was European 5, Asian 5, and West Indian 
1, while in 1977 it was 3, 1, and 1 respectively. Mean 
age at admission of these infants was 10-6 months in 
1975-76 and 12:6 months in 1977. Most infants with 
hypernatraemia were admitted suffering from 
gastroenteritis—20 in 1973, 11 in 1975-76, and 5 in 
1977. Three infants in 1973 had surgical conditions. 

In 1975—76 the mean duration of symptoms before 
admission was 2:8 days (range 2—4) and in 1977 2-6 
days (range 2-3), suggesting no delay in seeking treat- 
ment. Seven (6497) infants in 1975-76 and 5 (100%) 
infants in 1977 had been seen and treated by a doctor 
(Table 2). ‘Appropriate’ treatment was considered to 
be maintenance of hydration with clear fluids. 
‘Inappropriate’ treatment was the use of such drugs as 
kaolin, antiemetics, lomotil or antibiotics. The 
parents of one infant were advised to add one 
teaspoonful salt and one teaspoonful sugar to a pint 
of water; this was considered dangerous. 62:5% 
infants were treated inappropriately. 

None of the infants admitted with hypernatraemia 
was being fed low solute milks alone (Table 3). No 


Table2 Outpatient treatment 


1975-76 1977 

Mean duration of symptoms before 
on 2°8 days 2 6 days 

Appropriate treatment 3 1* 
Inappropnate treatment 5 4 
Dangerous treatment 1* 0 
No outpatient treatment 2 0 
*Infants who died. 
Table 3 Feed at onset of illness 
Feed 1975-76 1977 
‘Doorstep’ milk 2 5 
High solute milk 5 0 
Low solute milk 4 0 
Breast milk 0 0 
Solid food 9 5 
Low solute milk without solid food 0 0 





infant was breast fed; 82% in 1975-76 and 100% in 
1977 of infants with hypernatraemia were fed solids. 
Three infants on low solute milks in 1975-76 were 
also taking significant quantities of solids, while one 
6-day-old infant had been fed both a low solute and 
a high solute milk. 

In infants with gastroenteritis dehydration was not 
generally the main reason for admission. For 
example, in 1973 only 31-5% infants admitted were 
dehydrated. Dehydration however, was pronounced 
in most infants admitted with hypernatraemia 
(Table 4). 

Other investigations in infants with hyper- 
natraemia admitted in 1975-76 and 1977 showed 
various abnormalities: 14 of 16 had high concentra- 
tions of blood urea; 4 of 16 had significant 
hypokalaemia (K.<3:0 mmol/l); 5 of 13 had 
haemoglobin levels < 11 g/dl on admission at a 
time when they were dehydrated; 6 of 8 had acidosis 
(bicarbonate «15 mmol/l or pH<7-2); 3 of 9 had 
high WBC counts (710-0 x 10*/D. Bacterial 
pathogens were found in the stools of none of the 16 
infants. Rotavirus was looked for systematically only 
in 1977 and 2 of the 5 infants were found to have 
rotavirus on electron microscopical examination of 
their stools. 

14 of the 16 infants required immediate intravenous 
treatment, generally given as 0-45% saline in 5% 
dextrose to correct the fluid deficit over 48 to 72 
hours and 0-18 saline in 5% dextrose to provide 
maintenance fluids (100 ml/kg for infants below 3 
months old, less for older ones) Intravenous 
treatment was stopped in these infants as soon as 
possible. Two infants were initially given a glucose 
electrolyte solution orally, although one developed 
sugar intolerance and subsequently required treat- 
ment intravenously. 

The most severe complication, cerebral oedema, 
occurred in one infant in 1975-76 and one in 1977. 
Both infants were unconscious and convulsing on 
admission and both died. None of the other 14 
infants suffered from convulsions; other complica- 
tions are listed in Table 5. Two infants died with 
hypernatraemia in 1973, one as a direct result, the 
other also suffered from  intussusception and 
peritonitis. 


Table 4 Severity of dehydration 


Degree of dehydration 1973 1975-76 1977 
Not dehydrated 1 0 1 

Slight (325 or less) 0 0 
Moderate (4-6%) 22 3 1 
Severe (7% or more) 8 3 

Total dehydrated 22 (9622 11 (100% 4(80%) 
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Table5 Complications of infants admitted with 
hypernatraemic dehydration 





Complications 1975-76 i977 





Immediate 

Cerebral oedema leading to death 
Convulsions (excluding above) 
Sugar intolerance (transient) 


i CD onm 
bom 


. Late presenting 


Cerebral damage 0 
Delayed recovery (postenteritis 

syndrome) 

naerma 


e 


mm OQ Im 


1 
1 
Further admission with gastroenteritis 1 
No follow-up 2 





Discussion 


The incidence of hypernatraemia at this hospital has 
dropped markedly from 4:9% of admissions in 1973 
to 0-9% in 1977. The main change likely to have 
influenced the incidence of hypernatraemia during 
this period was the widespread change from high 
solute to low solute milks after DHSS recommenda- 
tions.“ In 1973 most infants were fed high solute 
milk formulae, by 1977 infants under 6 months were 
generally taking low solute milks (P D Manuel and 
J A Walker-Smith, 1978, unpublished observations), 
while 1975—76 was a transitional period. 

None of the 16 infants with hypernatraemia in 
1975—76 or 1977 was being fed a low solute milk 
alone: all 5 infants with hypernatraemia admitted in 
1977 were being fed unaltered cows’ milk and solids 
at an age when this mode of feeding is deemed 
acceptable. The disorder does appear to have become 
one affecting mainly the older infant (mean age at 
admission was 11-3 months), and it was only seen in 
infants with acute gastroenteritis in 1975-76 and 
1977. 

95% of the 39 infants admitted with hyper- 
natraemia were dehydrated compared with about 
30% of infants admitted with gastroenteritis. This, 
together with the fact that the mean duration of 
symptoms on admission to hospital was less than 3 
days in the hypernatraemic infants, suggests that 
hypernatraemia is almost completely confined to 
severely affected infants. Because of the severity of 
symptoms, most (87:554) infants had been seen by 
their doctors and treatment been instituted before 
admission. 

It is worrying that the severity of the illness was 
not recognised or not recognisable, and particularly 
worrying that inappropriate -reatment of symptoms 
appeared still to be the mainstay of therapy. 

Tt is notable that hypernatraemia was not to any 
great extent a disorder of immigrants who might be 
expected to have a poor knowledge of the language 
and to find reconstitution of milk feeds difficult. 


Half the number of infants admitted with hyper- 
natraemia (compared with 56% of all infants in 
1975—76 and 1977 with gastroenteritis), were from 
the indigenous population. 

Management during hospital admission was 
similar in the three periods, as was the outcome. 
Three deaths occurred wholly as a result of hyper- 
natraemia, one in each of the 12-month periods, an 
incidence of major complications of 7-794 (similar 
to that reported by Ironside et al.).? Previous studies 
reported a high (30%) incidence of convulsions 
during rehydration,! * but no infant had convulsions 
in this study. 

Significant hypokalaemia, hyperglycaemia, 
acidosis, and anaemia were not major problems in 
Management. None of the infants admitted in 
1975-76 or 1977 was found to be excreting a 
recognised bacterial pathogen in stools, although 
the infant who died wholly from hypernatraemia in 
1973 was excreting an enteropathogenic Escherichia 
coli. In 1977, 2 of 5 infants were excreting rotavirus 
in their stools, this being a similar incidence to that 
found among all infants admitted with gastroenteritis 
to this unit,“ but providing further evidence that 
rotavirus gastroenteritis can be severe. 

Transient sugar intolerance occurred in 5 (31 %) of 
16 infants in 1975-76 and 1977, while delayed 
recovery (postenteritis syndrome) occurred in only 
one (6-67 %) of 16 of infants. This latter figure is less 
than the incidence of delayed recovery for all 
infants admitted,!? but may reflect the older age 
group from which the hypernatraemic infants were 
taken and their good nutritional state. 

In conclusion, the incidence of hypernatraemia as 
a complication of gastroenteritis has declined, 
probably as a result of the change to low solute milks 
in the feeding of infants. Where it did occur the 
infants tended to be older and were being fed a high 
solute milk formula or unaltered cows' milk together 
with solids. 


Addendum 


The decline in hypernatraemia has continued and in 
the period 1 November 1978 to 31 October 1979 
there were 4 cases cf hypernatraemia out of a total 
of 509 admissions. There were no deaths (M Placzek, 
1979, personal communication). 


We are grateful to Professor C B S Wood for 
allowing us to use data collected on his patients. 
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Lactobezoar and cows' milk protein intolerance 


JN LEMOH AND JEAN WATT 


St George's Hospital, and the Hospital for Sick Children, London 


SUMMARY A baby girl of an atopic family who developed eczema, asthma, and cows’ milk protein 
intolerance was found to have a gastric lactobezoar at age 94 months. She responded well to the 
removal of the bezoar and to the appropriate dietary treatment. 


The three known varieties of bezoars are tricho- 
bezoar, phytobezoar, and lactobezoar—trichobezoar 
probably being the most common. Lactobezoar 
is rare and was first reported in 1959;! since 
then 11 more cases have been described. To our 
knowledge the association of cows' milk protein 
intolerance and lactobezoar has not been reported. 


Case report 


Our patient was the third child of unrelated parents 
and was born normally at term weighing 3-6 kg; both 
siblings have asthma which is also present in the 
father's family. She was exclusively breast fed for 6 
weeks during which time she thrived and had no 
gastrointestinal symptoms, but she developed 
eczema. At 6 weeks a modified cows’ milk formula 
(SMA) together with cereals was substituted for 
breast milk and, although tie feeds were correctly 
made up and she fed well this change was 
accompanied by vomiting and weight loss which 
persisted. At 4 months a diagnosis of cows’ milk 
protein intolerance was considered and a soya-based 
milk (Velactin) was introduced; the vomiting 
promptly ceased and she again thrived. At 6 months 
vomiting recurred with weight loss, an exacerbation 
of the eczema, and episodes of wheezing. At 8 
months an intestinal biopsy showed mild villous 
atrophy but other investigations were nonccntribu- 
tory. Cows’ milk (unmodified) was reintroduced and 
gluten-containing foods stopped, but vomiting 
increased and her Jength and weight fell to well 
below the 3rd centile. 

At 94 months, 6 weeks after reintroducing cows’ 
milk, a barium meal showed mobile filling defects in 
the stomach (Figure). Other relevant investigations 
Department of Paediatrics, Royal Hobart Hospital, Hobart, 
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Figure Barium meal showing filling defects caused 
by lactobezoar. 


were as follows: jejunal biopsy showed partial 
villous atrophy, and immunoperoxidase studies 
showed a pronounced increase in the lamina propria 
of IgA-containing plasma cells, and to a lesser 
extent IgM- and IgG-cells; eosinophil counts were 
repeatedly high, varying between 2000 and 3000 
x 109/l; serum IgE levels were very high at 240 
IU/ml (normal 1-60), and gel diffusion tests for milk 
precipitins were positive; repeatedly low neutrophil 
yeast opsonisation indices of 1:72, 1-40, 1-62 were 
found (normal 2-5). Gastroscopy showed the 
stomach to be full of lactobezoar and milk curds. The 
lactobezoar was broken into small fragments and 
some of these were removed by suction. The gastric 
mucosa was macroscopically and microscopically 
normal. A cows’ milk protein-free diet was reintro- 
duced using a casein hydrolysate milk (Nutramigen); 
the vomiting resolved and she began to thrive. A 
barium meal was repeated 4 weeks after the 
gastroscopy and was normal. At 21 months intestinal 
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biopsy was normal, cows' milk was reintroduced 
uneventfully, and a repeat biopsy 4 months later was 
also normal. She has remained well except for 
occasional episodes of wheezing, and at 25 months 
both her height and weight are on the 10th centile. 


Discussion 


The family history of asthma, the occurrence of 
eczema and asthma in the patient, the eosinophilia, 
high serum concentrations of IgE, positive milk 
precipitins, biopsy abnormalities, and the temporal 
relationship between the presence or absence of 
cows’ milk in the diet and symptoms all support the 
diagnosis of cows' milk protein intolerance. The 
recurrence of symptoms at 6 months while on an 
apparently cows' milk-free diet (Velactin) remains 
unexplained. As the infant was having various 
cereals it is possible that the diet was not completely 
free of cows’ milk protein, or alternatively, she may 
have developed an intolerance to soy protein; soy 
protein intolerance is a well established entity,? and 
combined soy and cows' milk protein intolerance has 
been reported.? Another possibility ıs that the 
lactobezoar had already formed and the vomiting 
was secondary to gastric outlet obstruction. The 
finding of repeatedly low opsonisation indices may 
have been incidental since this defect is present in 
1 in 20 of the general population,* 5 but ıt is 
interesting to note that Turner et al. found that 27 % 
of atopic patients had defective opsonisation. 

In all but 3 of the previously reported patients 
with lactobezoar inappropriately concentrated feeds 
had been given to the children, and this was con- 
sidered to be a factor 1n the formation of the lacto- 
bezoars. All 3 correctly fed infants were aged less 
than 3 months and presented with vomiting,^-9 as 
was the case in our patient. Our patient differed 
however, in that she was also intolerant of cows’ milk 
protein, but whether this relationship was causal or 
incidental is uncertain. The mechanism of 
Jactobezoar formation is largely speculative. Majd 
and Lopresti® suggested that lactobezoars formed as 
& result of diarrhoea or vomiting, or both, 
compensatory reduction in gastric juice secretions, 
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and subsequent impaction of curds to form the 
bezoar; this then produced mechanical obstruction 
and further vomiting. Such a mechanism would, of 
course, be more likely to operate in infants fed 
cows’ milk because of its relatively higher content of 
casein and calcium, particularly if the feeds were 
concentrated. It is tempting to speculate that 
lactobezoar may be more common than realised in 
infants with cows’ milk protein intolerance in whom 
vomiting is prolonged, particularly if associated with 
episodes of dehydration. 


We thank Dr S J R Macoun for referring the 
patient, Dr J Dow for the radiology, Mr J A S 
Dickson for removing the bezoar, and Dr J T Harries 
and Professor June K Lloyd for permission to 
publish. 
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Proteus vulgaris agglutination by cystic fibrosis sera 


A WANG, M W TURNER, J F SOOTHILL, J O WARNER, AND A P NORMAN E 
Department of Immunology, Institute of Child Health, and Respiratory Unit, Hospital for Sick Children, London 


SUMMARY The factor in sera of patients with cystic fibrosis (CF) and their parents which agglutinates 
Proteus vulgaris has characteristics similar to those of IgG antibody to this organism. Sera of 
patients without CF who have P. vulgaris infections agglutinate the organism similarly. At present 
there are too many false-positives in a control population for the test to be widely useful 


for heterozygote identification. 


Sera of patients with cystic fibrosis (CF) and their 
parents contain a factor which inhibits cilial motility 
in a variety of assay systems including rabbit 
tracheal explants,! oyster. or water mussel gills.? 
Cohen and Daniel* reported that suspensions of 
the flagellate bacterium Proteus vulgaris were 
agglutinated by such sera. 

We haveinvestigated the mechanism and specificity 
of the P. vulgaris agglutinating assay and i:s applica- 
tion as a screening test for CF gene heterozygotes in 
genetic counselling. 


Materials and methods 


Sera were obtained from 50 CF patients, from 57 of 
their parents (obligate heterozygotes), from 51 
healthy adults (medical and other staff of the 
hospital), from 6 children infected bv proteus 
(urinary, respiratory, or septicaemic infections), from 
3 of their parents, from 12 children with asthma, and 
from 38 children in hospital for various reasons. We 
also studied unstimulated whole mouth saliva of 23 
CF patients and 25 of their parents, and nasal 
secretions from 2, urine from 8, and small intestinal 
juice from 11. The specimens were either tested 
immediately after collection, or stored at —209C. 
The P. vulgaris strain used was cultured from a 
child in the hospital, and was maintained at room 
temperature on nutrient agar. Before assay it was 
cultured in 20 ml nutrient broth at 37°C for 5 hours 
when an actively motile loz phase was attained. One 
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drop of bacterial suspension and one drop of the 
serum were dispensed by Pasteur pipette on to a 
microscope slide, covered with a coverslip, and 
examined for agglutination at x 400 magnification 
at 2-minute intervals for 25 minutes when the result 
was recorded as large agglutinates (7-80 um), small 
agglutinates ( «80 um), or no agglutination. We also 
used suspensions of Froteus mirabilis, Escherichia 
coli, Pseudomonas  ceruginosa, and Klebsiella 
pneumoniae. 

The effects of a variety of treatments on the 
agglutination of CF sera were studied: these were 
repeated freezing and thawing, heating at 56°C and 
709C for one hour, heparin, incubation in acid 
medium (pH 4:5 or 2-35), and precipitation of 
immunoglobulins with anti-immunoglobulin anti- 
sera (anti-IEM and anti-IgG, Wellcome Labora- 
tories). The bacteria agglutinated by patients' sera 
were studied by indirect immunofluorescence, using 
fluorescence-labelled sheep antihuman IgM and 
IgG (Wellcome Laboratories) at 1/10 duution. 
Patients’ sera were separated on a Sephadex G200 
column equilibrated with Tris-HC1 buffer pH 7-6. 
IgG was prepared from patients’ sera by DEAE 
cellulose batch chromatography? using Whatman 
DE-52 cellulose. 

Cilial motility tests were done with the gills of the 
fresh water mussel dreissensia.? Gill segments were 
cut with scissors from freshly collected animals, and 
placed in closed moist plastic dishes containing 
0-05 ml plasma and 0-10 mi distilled water; motility 
was observed intermittently for 6 hours using phase 
contrast illumination ( x 300). Inhibition of mobility 
at 3 hours was classified as + +, inhibition between 
3 and 6 hours as ++, and no inhibition at 6 hours as 
negative. 


Results 
Most CF sera agglutinated P. vulgaris suspensions 
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within 3 or 4 minutes. Sera from obligate CF 
heterozygotes agglutinated them rather more slowly 
and most sera from healthy adults had not 
agglutinated them by 25 minutes. The agglutinate 
formed by most CF sera were large (780 um in 
diameter), those formed by the sera from the CF 
parents were smaller—normaily 10 to 40 um in 
diameter. In a blind study, using this classification, a 
significant difference between the three groups of 
sera was obtained (Table 1). CF patients differed 
significantly from controls whether analysed for 
production of large agglutinates or agglutinates of 
any size (y*730, P<0-0005 for both); obligate 
heterozygotes differed from controls for agglutinates 
of any size (y?—19-3, P<0-0005). - , 

387; of healthy adults produced agglutinates, 
including large ones in 14%. Only 5% of such 
individuals would be expected to be heterozygous for 
the CF gene,® so there are clearly mechanisms other 
than the CF gene leading to agglutination. 

As reported by Cohen and Daniel? the agglutinates 
withstood repeated freezing, thawing, and heating 
(at 56°C and 70°C) for one hour. Treatment of the 
serum with heparin did not prevent agglutination. 
The agglutinates were partially UESHONSUE at pH 
2:35 but not at pH 4-5. 

The agglutinating factor in CF sera was not 
precipitated by dialysis against distilled water and so 
was shown to be a pseudoglobulin. After Sephadex 
G200 gel filtration of the CF sera, agglutination was 
detected in the middle (IgG-rich) peak in all patients 
but, in some, weak activity was also found in the first 
(IgM-rich) peak. IgG was prepared from the serum 
ofa CF child by DEAE cellulose exchange chromato- 
graphy; the activity remained with the IgG peak. 
Immunofluorescence examination showed that the 
agglutinates of P. vulgaris produced by CF sera 
contained IgG and occasionally IgM. Immuno- 
precipitation with anti-IgG antibody greatly reduced 
the agglutination and anti-IgM partly reduced it, 
but anti-IgA had no effect. 

Sera from 3 CF patients, 2 CF mothers, and 2 
healthy adults were studied for agglutination of 5 
other flagellate bacteria. The same sera agglutinated 


Table 1 Agglutination of P. vulgaris by sera of CF 
patients, obligate heterozygotes, and healthy adult 
controls at 25 minutes 








CF patients Obligate Healthy adult 
(n = 50) heterozygotes controls 
(n = 57) (n = 57) 
Large ugglutinates 
(80 um) 36 7 7 
Small agglutinates 
(«80 pm) it 38 12 
No agglutination 3 12 32 
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P. mirabilis, though less strongly than the P. vulgaris 
(Table 2). The agglutination of the other bacteria did 
not closely parallel that of P. vulgaris. 

These findings suggest that the factor is an 
agglutinating antibody to P. vulgaris, an organism 
which sometimes infects CF patients, and to which 
their parents may well have excessive contact and 
perhaps special vulnerability. This view is supported 
by the observation that the sera of the youngest 
patient (aged 3 months) and those of both his parents 
failed to agglutinate this organism. 

Sera from 5 out of 6 children with proteus 
infection agglutinated P. vulgaris quickly into large 
agglutinates, as did the serum from one mother; some 
of the children with asthma and miscellaneous 
diseases did so too (Table 3). Sephadex and DEAE 
separation was consistent with this being IgG and 
IgM antibody. The urine of 8 CF patients positive for 
serum agglutination did. not agglutinate P. vulgaris 
either neat or after 50-fold concentration by ultra- 
filtration. Saliva from 13 of 23 CF patients 
agglutinated P. vulgaris, 6 of them with large 
agglutinates, but only 6 of 18 of their parents, and 
only one of 10 healthy adults gave small agglutinates 
only (Table 4). In general, individuals gave both 
saliva and serum activity, but the saliva of one CF 
mother whose serum was negative did agglutinate P. 
vulgaris. Three out of the 11 small intestinal juice 
samples from CF children agglutinated P. vulgaris. 

The relationship between the dreissensia gill cilial 
immobilisation test and P. vulgaris agglutination in 


Table 2 Agglutination of 5 bacterial species by sera 
from 3 CF patients, 2 CF heterozygotes, and 2 healthy 
subjects 





Proteus Proteus Escher» Klebsiella Pseudo- 





j vulgaris mirabilis — chia colt pneu- monas 
moniae aeruginosa 

CF patients 

1 ++ + x — = 

2 + + + = — 

3 + + +F — = 
CF mothers 

1 d — — — — 

2 + + ++ — T 
Healthy controls 

1 — -- = “+ 

2 + + — “+ 





Table 3 P. vulgaris agglutination by patients with 
diseases other than CF 





Proteus 





Hospital Asthma Parent of 
children (n = 18) infection proteus 
(n = 38) (a= 8) infected 
children 
(n — I) 
Large agglutinates 6 3 7 I 
Small agglutinates 17 8 0 0 
No agglutinates 15 7 1 0 
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Table 4 Agglutination of P. vulgaris by saliva of CF 
homozygotes and heterozygotes 








CF patients CF parents Healthy adults 
(t = 23) (a = 23) (n = 10) 
Large agglutinates 6 0 0 
Small aggiutinates 7 6 1 
No agglutinates 10 {7 9 





Table 5 Association between P. vulgaris 
agglutination and ciltal immobilsation test in sera of 
CF patients and their parents 





P vulgaris Cilial urmobilisation 
agglutination 

CF patients CF parents 

+ + + — TG + = 
Large agglutinates 5 2 0 Í i 0 
Small agglutinates 0 1 1 2 1 I 
No agglutinates 0 0 I 0 1 1 





CF patients and their parents is shown in Table 5. 
Analysis of positive or negative reactions for the two 
tests on children and parents combined shows a 
highly significant relationship (P — 0-004, Fisher's 
exact test). The one child without CF who had 
proteus infection and whose serum agglutinated P. 
vulgaris gave an intermediate value for cilial 
immobilisation. 


Discussion 


These results confirm the report that sera from 
patients with CF and their parents agglutinate 
P. vulgaris more frequently, quickly, and strongly 
than do sera from healthy subjects.* It is closely 
associated with the previously reported immobilisa- 
tion of mammalian or invertebrate cilia.!*? The 
observation that parents (obligate heterozygotes) 
gave intermediate values raised the possibility that 
the factor was closely related to the primary gene 
product but there are other hypotheses for it. Our 
results suggest that the factor concerned is an IgG 
antibody to P. vulgaris; the evidence included gel 
filtration and ion exchange caromatography separa- 
tion, inhibition by anti-IgG antiserum, and immuno- 
fluorescence analyses of the agglutinates. Sera of 
patients with proteus infection similarly agglutinated 
P. vulgaris and the factor concerned had similar 
characteristics. Since few people become ill with 
proteus infection and 5% cf the population are 
thought to be heterozygotes Zor CF,® it is possible 
that these individuals were hzterozygotes and had 
an increased susceptibility to proteus, but the 
frequency of agglutination in tae healthy population 
was too high for this to be the only explanation, and 
it is possible that the test results from previous. 
sensitisation to a proteus or to an antigenically cross- 


reacting organism. Bowman et al.? similarly failed to 
separate the cilial immobilisation factor from IgG 
although they subsequently reported? that CF 
fibroblast cultures released a protein which caused 
cilial immobilisation and suggested that this might 
associate with IgG in vivo. This concept requires 
further study. Wilson et aL9-1? reported abnormal 
cationic protein bands after isoelectric focusing of 
sera from CF homozygotes and heterozygotes, but 
did not directly investigate whether these were IgG 
or not; their findings are therefore not incompatible 
with ours. 

As CF patients are often infected with flagellate 
bacteria, including P. vulgaris, and it is likely that 
their parents are therefore overexposed to such a 
contact, the test may simply be detecting antibody 
to these organisms, occurring as a tertiary effect of 
the disease in both the patients and their parents, as 
close contacts rather than as a direct effect of the 
gene. It is also possible that the incidence we 
observed in our healthy population might be 
misleadingly high, since they, as hospital workers, 
may be abnormally exposed to such infections. 
Since bacterial flagellae and cilia of other organisms 
are structurally similar, it 1s also possible that the 
cilial immobilisation tests result from the same 
sensitisation, if there is antigenic cross-reaction 
between these structures. 

The close relationship between the P. vulgaris 
agglutinating test and the cilia] immobilisation test, 
and the negative results in the one CF infant studied 
and his parents supports this view, but the finding 
that agglutination of P. vulgaris was closely related 
to that of P. mirabilis but not to agglutination of 
other flagellates is to some extent against it. More 
work on such possible cross-reactions is needed. 

Before these tests can have any value in identifying 
heterozygotes as family members at risk, for 
screening their potential spouses, or for epidemio- 
logical work (for example, the role of CF 
heterozygosity in atopy)^! we must know more 
about their mechanism. If the abnormal incidence of 
P. vulgaris agglutination occurs as a result of 
abnormal contact with flagellate bacteria it would be 
useless; if it is an abnormal response to a normal 
contact with an environmental factor, it could have 
some limited value as has been suggested for atopy,” 
although many false-positives would be expected. Tt 
is only if it is closely related to the primary gene 
product that the tests could be of real use. 


We thank the Thames Water Board for supply of 
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Leukaemia Research Board for financial support 
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Sleep cycle studies in babies of undernourished 
mothers 


V P BHATIA, G P KATIYAR, K N AGARWAL, T K DAS, AND P K DEY 


Department of Paediatrics, and Department of Physiology, Institute of Medical Sciences, 
Banaras Hindu University, Varanasi, India 


SUMMARY  Polygraphic sleep cycle studies—comprising simultaneous recording of electroence- 
phalogram (EEG), electrocardiogram (ECG), electro-oculogram (ECOG), phasic body activity, 
and respiration—were performed on 19 term newborn babies born to severely undernourished 
mothers, and results compared with 19 healthy newborn babies. The sleep cycle in babies of under- 
nourished mothers showed disorganisation during active rapid eye movement (REM) sleep and 
quiet nonrapid eye movement (NREM) sleep. The sleep disorganisation was more pronounced 
during quiet NREM sleep when frequent phasic activity and ocular movements were registered, 


thereby leading to a significant increase in the content of intermediate sleep. Furthermore, the 
duration of total sleep cycle and its components, active REM and quiet NREM sleep, were signi- 


ficantly shortened. 


Early nutritional deprivation in animals leads to a 
decrease in the number and size of brain cells, 
deficient dendritic arborisation, and to alterations 
in the reticular formation. Furthermore, the content 
of neurohumoral agents— namely, 5-hydroxy- 
tryptamine, acetylcholine, and gamma-amino-butyric 
acid (GABA)—is also greatly altered. How- 
ever, the nutritional demands of the fetus during the 
early stages of gestation are so small that maternal 
undernutrition has no limiting effect on the growth 
and maturation of the central nervous system.? 
The early maturing reflexes and neuromotor features 
are therefore less likely to be affected. As the 
neuromotor behaviour and reflex pattern in the newly 
born are mainly subcortical in origin, the conventional 
neuromotor evaluation may not show changes in the 
various regions of the neocortex. 

Some investigators have shown that bioelectric 
brain activity, sleep cycle, and various other 
electroencephalographic patterns make their appear- 
ance and mature at a constant rate in accordance 
with conceptional age, and are unaffected by low 
birthweight.'!^ Polygraphic study is therefore a 
sensitive index for evaluating deficits in maturity and 
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organisation during intrauterine growth. In the 
present study polygraphic recordings were used 
to evaluate the pattern of sleep cycle in babies 
suffering from severe intrauterine nutritional depri- 
vation. 


Material and methods 


Subjects. A sample was taken of 19 newborn babies 
of severely undernourished mothers, who had 
haemoglobin levels <8 g/dl and serum albumin 
levels <25 g/l (mean + SE; 5:5 + 0:19 g/dl and 
17-2 + 0-96 g/l respectively), and weights < the 
25th centile of that expected for height (40-8 + 
0-89 kg). An equal number of healthy newborn 
babies were chosen as controls from mothers who 
had had regular antenatal care, and haemoglobin > 
l-1 g/dl (12-6 + 0-29) and albumin >35 g/l 
(36:1 + 0-77). These mothers had weights above 
50-0 kg (54-9 + 1-35) and heights above 150-0 cm 
(155-1 + 0-97). The mothers in both groups had 
uncomplicated antenatal and obstetrical history, and 
knew the exact dates of their last menstrual periods. 
Only term newborn babies with gestations of 
280 + 2 days were studied. These babies did not 
suffer from any birth injury or anoxia and had 
remained in hospital for a normal period of time. 


Methods. The following parameters were recorded 
simultaneously. These comprised the polygraphic 
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studies. (1) electroencephalogram (EEG), 8 channels; 
(2) electrocardiogram (ECG); (3) electro-oculogram 
(ECOG); (4) respiratory patterns; (5) phasic body 
activity, using observation code. 

Bipolar EEG recordings were made in a 16- 
channel polygraph machine (Kaizer), using Ag-AgCl 
polarised disc electrodes. Paper speed was 15 mm/ 
second, time constant was 0:1 second, and high 
frequency cut filter was used. Electrode resistance 
was kept —10 k ohms. 

ECG was recorded using lead I. ECOG was 
recorded using 2 electrodes and by visual obser- 
vations. Respiration was observed continuously 
during the recording and 3 types of patterns were 
found—namely, regular, irregular, and periodic/ 
apnoeic. 

A continuous record of body movements was 
made with precise discrimination using the following 
observation code: Grade I, slight movement/ 
movement of one component of an extremity. 
Grade II, moderate grade of movements, head 
rotation not crossing midline. Grade III, gross, high 
amplitude movements, rolling over, cry. Each 
recording lasted between 24 and 3 hours. 
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Sleep cycle 

Active REM sleep. If 4 of the following criteria 
were present the baby was said to be having active 
REM sleep: (1) low voltage-high frequency EEG, 
(2) frequent phasic activity, (3) irregular respiration, 
(4) irregular heart rate, (5) presence of rapid eye 
movements. 


Quiet NREM sleep. If 4 of the following criteria 
were present the baby was said to be having quiet 
NREM sleep: (1) high voltage, low frequency EEG, 
or ‘trace-alternant EEG’, (2) absence of phasic body 
activity, (3) regular respiration, (4) regular heart 
rate, (5) absence of ocular movements. 


Sleep which could not be designated to either state 
was categorised as ‘intermediate’. 

Blood samples were collected from the mothers 
before delivery to estimate haemoglobin, total 
proteins, and albumin. Wet placental weight was 
recorded, after trimming the membranes to the 
margin and cutting the cord at insertion. 


Results 
Babies born to undernourished mothers had severe 


Active sleep 
Inter mediate sleep 
Quiet sleep 





Minutes 


Fig. 1 


Undernourished group of newborn babies, showing shortened and disorganised sleep cycle with frequent 


ocular movements and phasic activity. Heart rate is irregular. Vertical lines across phasic activity denote ‘startles’. 
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Fig. 2. Control group of newborn babies showing organisation of parameters. 


intrauterine growth retardation, the mean weight 
with standard error being 2007:97 4- 9:09 g 
compared with 3178-47 + 78:18 g in the control 
group. The placental weight was reduced in pro- 
portion to the baby's weight, demonstrating a 
direct correlation, the value of ‘r’ being + 0-45 and 
-- 0:47 for the undernourished and control groups 
respectively. These correlation coefficients were 
significant (P —0-05; Table 1). 

The graphic presentation of the sleep cycle showed 
that the organisation of the various parameters 
(EEG, respiration, heart rate, body activity, and 
ocular movements) during sleep was poor in most 
of the babies born to undernourished mothers 
(Fig. 1), while babies in the control group showed a 


Table 1 Placental weight, protein content, and mean 
birthweight in control and undernourished groups 
(mean + SE) 





Control group Undernourished babies 
(n = 19) (n = 19) 
Placental weight (g) 449-2 + 13-03 285-4 + 12-91*** 
Placental protein 
content (mg/g wet 
tissue) 63-74 + 0-54 57-0 + 1-12*** 


Birthweight (g) 3178-47 + 78-18 2007.97 + 9-09*** 





*eP< 0-001. 


fairly good degree of organisation for these para- 
meters (Fig. 2). The disorganisation in the former 
group occurred mainly during quiet NREM sleep 
when frequent body movements were registered, 
the heart rate was often irregular, and there were 
many ocular movements. This disorganisation led 
to a significantly increased amount of intermediate 
sleep compared with the controls (P<0-01; Table 2). 

Normal newborn babies showed reduction of 
heart rate during quiet NREM sleep by 7:9 + 1:09 
beats/minute compared with active REM sleep, 
but this reduction was less evident in the under- 
nourished group (4:85 + 0:93, P —0-05). Ocular 
movements and their variations during active REM 
and quiet NREM sleep were found to be similar 
in both groups (Table 3). 

The mean durations of the total cycle, quiet sleep, 


Table 2 Percentage distribution of active, quiet, and 
intermediate sleep in babies born to control and 
undernourished mothers (mean + SE) 





Sleep state Control group Undernourished babies 





(n — 19) (n = 19) 
Active 44-1 + 2-21 39-7 + 2.38 
Quiet 38-3 + 1-70 34-5 + 2-6l 
Intermediate 17-6 + 1-67 25-8 + 1-74** 
**P.—0.0l. 
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Table 3 Heart rate, ocular movements, and percentage 
differences in the two sleep states (mean + SE) 








Group Active sleep Quiet sleep Difference 
Heart rate/min 

Control 121-5 + 3-23 113-6 + 3-61 7-9 + 1-09 
Urfdernourished 126.0 + 2.85 121-2 + 4-23 4.8 + 0-93* 
Ocular movements/min 

Control 6.8 + 2-80 0.97 + 0.57 5-9 + 0-49 
Undernourished 6-5+ 4-21 0-83 + 0.22 5.7 + 0-92 
*P<0-05. 


Table 4 Duration of total sleep cycle, active, and 
quiet sleep in babies born to control and undernourished 
mothers (mean + SE) 





Sleep cycle |min Control group Undernourished babies 
(n — I9) (n — 19) 

Total cycle 51-6 + 1-36 41-6 + 1-81*** 

Active sleep 26.9 + 1-29 20.4 + 1-28*** 

Quiet sleep 24.7 + 0-75 21-3 + 0-84** 


**P<0-01, ***P<0-001. 


Table 5 Distribution of sleep cycle|min according 
to birthweight (mean + SE) 





Birthweight (g) Total cycle Active sleep Quiet sleep 
(min) (min) (min) 
> 2500 (mean, 
3178-5) (n=19) 51-6 + 1-36 26.9 + 1-29 24-7 + 0-75 
2500—2000 
(mean, 2146) (n=9) 44.3 + 1-85 22:3 + 1-89 21-0 + 1-07 
< 2000 f= 3.15% t = 2-0* t = 2-.7%* 
(mean, 1870)(n=10) 40-2 + 2-64 18-34 1-60 21-5 + 1-32 
t = 3-85** t = 3.99**9 t = 2-14" 


*p<0-5, **P<0-01, ***P<0-001. 


and active sleep are shown in Table 4. The duration 
of the total sleep cycle was significantly shorter in 
babies born to undernourished mothers (41:6 4+ 
1-81 min) compared with the control group (51-6 + 
1:36 min). The values for active REM and quiet 
NREM sleep of the control group were 26:9 +- 1:29 
and 24-7 + 0:75 min respectively. The corres- 
ponding values for the undernourished group were 
20:4 + 1:28 and 21:3 + 0-84 min respectively. 
Both differences were highly significant. 

The sleep cycle in the babies of birthweights 
between 2000 and 2500 g (mean 2146) resembled that 
of babies weighing under 2000 g (mean 1870). In the 
latter group, duration of active sleep was further 
reduced while quiet sleep remained unaltered. The 
difference was however, not significant (P -—0-:1; 
Table 5). 

In several EEG recordings of the babies in 
the undernourished group there was pronounced 
inter- and intrahemispheric asymmetry and abnor- 
mal paroxysmal discharges were recorded, It was 
still possible to identify the sleep cycle in such 
records. 


Discussion 


The values of duration of the total sleep cycle, 
active sleep, and quiet sleep of the control group in the 
present study were similar to those of Roffwarg e! al.? 
and Stern et al.!2 who reported the duration of the 
total sleep cycle as 43:4—-61-2, and 47:0 minutes 
respectively. Similarly the content of active REM 
sleep has been reported to vary from 40%? to 
50°%.9 14-15 Parmelee et al." reported the mean 
percentage of active sleep to be about 49% and 
quiet sleep about 34%; the rest they designated as 
transitional sleep. 

The babies of undernourished mothers in the 
present study demonstrated (1) shortening of sleep 
cycle; (2) reduced duration of both active REM 
and quiet NREM sleep, and a still greater reduction 
in duration of active REM sleep for babies weighing 
< 2000 g; (3) generalised disorganisation of sleep, 
leading to significantly increased content of inter- 
mediate sleep, and (4) in some, inter- and intra- 
hemispheric asymmetry and abnormal paroxysmal 
discharges. 

In term babies of mothers addicted to heroin 
and in infants at risk for CNS impairment, Schul- 
man! showed that there was excessive activity during 
active REM sleep and he failed to exhibit any well 
organised quiet NREM sleep. Immature sleep 
patterns have been reported in small-for-date babies 
of toxaemic mothers by Schulte et al? Such 
changes suggest generalised dysmaturation of the 
developing brain; they may even indicate brain 
damage due to varied intrauterine insults. 

The evident physiological changes in the sleep 
polygrams indicate pathological deviations and 
maturational lags in development due to intrauterine 
insult. Although no comparable study so far has 
been reported in babies born to undernourished 
mothers, it seems likely that intrauterine nutritional 
deprivation is responsible for these changes. Recent 
studies show that REM and NREM sleep are 
controlled by anatomically distinct monoaminergic 
systems. 5-Hydroxytryptamine (5-HT) containing 
neurones in the midline pontomedullary raphe 
nuclei initiate quiet NREM sleep, whereas nor- 
adrenaline-containing neurones in the locus ceruleus 
modulate active REM sleep. Shoemaker and 
Wurtman? and Im et al.* found reduced synthesis of 
noradrenaline and 5-HT, and raised cholinesterase 
activity in whole brain of rats subjected to early 
undernutrition. Studies have shown that reduction 
of both 5-HT and acetylcholine reduces the dura- 
tion and induction of total and paradoxical sleep.! 5-79 
It is difficult to assess whether the reduction of these 
neurohumoral agents in the total brain is reflected in 
sleep regulating centre(s). 
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Disorganisation of the sleep cycle and the reduc- 
tion in REM sleep content may be important in the 
development of intellectual and neurointegrative 
functions of the infant. REM sleep is considered 
to be ontogenetically primitive, and constitutes the 
major proportion of sleep in preterm and term 
infants. !??! [t offers intense stimulation to the 
CNS, considered to be essential to the developing 
brain in utero, and later in early extrauterine life 
when external stimuli are limited.? The percentage 
of REM sleep may decrease owing to environmental 
deprivation” or it may increase after a period of 
intense learning.?? REM sleep deprivation may lead 
to poor acquisition or retention of several kinds of 
learning. These studies are particularly relevant 
since severe intellectual and neuromotor deficits 
have been noticed in babies of low birthweights.24 
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Chondrodysplasia punctata after warfarin in early 


pregnancy 


Case report and summary of the literature 


M F WHITFIELD 
Department of Paediatrics, University of Sheffield 


SUMMARY 


A third case of chondrodysplasia punctata after exposure to warfarin alone in early 


pregnancy is described. The clinical course of the child during the first 18 months is outlined. The use 
of warfarin in early pregnancy must be avoided because of its established teratogenic effects in 
causing this syndrome, in addition to an overall increase in perinatal mortality. 


Chondrodysplasia punctata is a disorder of growth, 
characterised by ectopic calcification of cartilage 
occurring either as a severe, lethal, rhizomelic form 
or as the milder Conradi-Hünerman type,! for 
which no single aetiological factor has been found. 
11 cases of the syndrome have been described 
associated with maternal warfarin ingestion in 
early pregnancy. This paper reports the third case 
of chondrodysplasia punctata in which warfarin 
was the only drug taken in early pregnancy and 
seems to support an aetiological relationship bet- 
ween the drug and the fetal abnormality. 


Case report 


The mother, a 21-year-old nulliparous white woman, 
was started on warfarin treatment, 10 mg daily, for 
deep venous thrombosis in the legs 10 weeks before 
conception. This dosage was continued until 20 
weeks' gestation and then stopped. She remained 
well, free of infections, and was given no other drug 
during the pregnancy. At 33 weeks’ gestation she 
developed hydramnios and premature labour, and a 
live female infant was delivered vaginally, weight 
1-73 kg (10th centile), length 39 cm (<3rd centile), 
OFC 29:5 cm (10th centile). The trunk and limbs 
were short in relation to the head, there was brachy- 
dactyly, and the nose was small and squashed- 
looking owing to hypoplasia of the nasal bridge 
(Fig. 1). X-rays showed irregular stippled calci- 
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fication of the bones of the feet, upper femora, and 
spine (Fig. 2), characteristic of chondrodysplasia 
punctata. Normal results were obtained for TSH, 
karyotype, IgM and serology for cytomegalovirus, 
toxoplasmosis, rubella, and syphilis. 





Fig. 1 


Facial view at 8 weeks showing collapsed 
nasal bridge 
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Fig. 2 





Table Clinical features of 11 cases of chondrodysplasia punctata associated with maternal warfarin 





X-ray at one week 
showing stippled calcification 
in the bones of the feet, upper 
femora, and sacrum. 


Reference Sex | Mother's Birth- Length Head Gesta- Nasal Brachy- Mental Sites of Maternal drugs 
age weight (cm) circum- tional abnor- dactyly retarda- punctate 
(years) (kg) jerence age mality tion calcification 
(em) (weeks) 
aaa a aaO 
Kerber et al.9 M 27 2.81 — — 39 Yes — Mild No Warfarin, 
information digoxin, 
penicillin 
Becker et al.10 
Case | F 22 2-275 47 33 39 Yes Yes Mild Femora. Sulphisoxazole, 
Sacrum. warfarin, 
Cervical digitoxin, 
vertebrae erythromycin 
* Case 2 M 21 1:37 —- — 35 Yes Yes — Long bones. Digoxin, 
Sacrum warfarin 
Pettifor and 
Benson!! 
ICase 2 M 36 2.5 —- - 38 Yes Yes No Calcaneus. Warfarin, 
Phalanges. digoxin, 
Vertebrae. frusemide, 
Sacrum potassium 
supplements 
Case 3 F 29 3.3 — — 41 Yes No No No Warfarin, 
information penicillin, 
thiazide 
Shaul et al.6 M 29 1-8 43 32-5 33 Yes Yes No Vertebrae Alcohol, 
and sacrum, warfarin, 
Femora. diazepam, 
Ankles, frusemide 
Nasal areas 
Pauli et al.12 F 33 1-6 — — 32 Yes — No Skull. Verte- Heparin, 
brae. Costal meperidine, 
cartilages. digoxin, 
Femora. cephalexin, 
Calcanei doxycycline 
Richman and 
Lahman!? — 19 2-67 — — 36 Yes — — Calcanei only Warfarin, 
tylenol 
t Abbott et al.? M 29 1-2 35 27.5 31 Yes — — All epiphyses Warfarin 
Collins et al.? F 33 1-59 — — 32 Yes — x Femora. Ribs Warfarin 
Present case F 21 1-79 39 32-5 34 Yes Yes No Femora. Warfarin 
Calcanei. 
Vertebrae 


*Died at 3 min, tdied at 21 days of life. 
*iBlind due to optic atrophy. 
*Same case as that reported by DiSaia!4 
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From 4 days to 6 weeks of age she suffered from 
nasal obstruction, intermittently causing cyanosis 
and bradycardia. Some benefit was obtained from 
ephedrine nasal drops, repeated nasal suctioning, 
and placement of an oral airway. She was discharged 
home at 8 weeks weighing 3-12 kg, gaining weight 
and feeding reasonably well. During the next 6 
months however, she was frequently readmitted to 
hospital because of feeding difficulties and respi- 
ratory distress produced by slight intercurrent 
respiratory infections. At a corrected age of 7 months 
her development was slow; she was not yet sitting 
and was reaching out for objects but not trans- 
ferring from hand to hand. She developed meningo- 
encephalitis after pertussis vaccination at 9 months. 
When seen at a corrected age of 2 years she was 
alert and responsive, appeared intellectually normal 
on formal assessment, but had a slight right hemi- 
paresis and atlanto-axial instability. She remains 
short with short limbs, but growth of the nasal 
passages has eliminated nasal symptoms and the 
external appearance of the nose is not obviously 
abnormal. 


Discussion 


This is the third case of chondrodysplasia punctata 
to be reported after ingestion of warfarin alone in 
early pregnancy,^? although 8 others have been 
reported in babies whose mothers had taken 
between 2 and 5 drugs during the first trimester 
(Table). All except one (Case 2; Becker e: al.!?) 
of these 11 cases were of the less severe Conradi- 
Hünerman type of chondrodysplasia punctata, 9 
of the 11 surviving the neonatal period compared 
with a 50% mortality in the first year for cases not 
caused by warfarin.! Hypoplasia of the nasal 
bridge is a common finding, producing significant 
nasal obstruction in 9 of the 11 cases. Nine of the 
11 cases had stippled calcification of vertebrae, 
calcanei, and upper femora, and there was slight 
developmental delay in 2 out of 9. 

Although a genetic aetiology has been suggested 
for chondrodysplasia punctata! it has also been 
reported after a wide variety of potentially tera- 
togenic factors. One series of 23 cases of the less 
severe form? enumerated illness in the pregnancy, 
maternal anticonvulsant therapy in early pregnancy, 
and advanced paternal age as the most frequently 
identified potential causative factors. None of these 
mothers had had warfarin. Shaul et a/.9 speculated 
that the teratogenic effects of warfarin may be 
related to bleeding into embryonic or fetal cartilage 
at a critical stage of development, with subsequent 
aberrant ectopic calcification and disordered carti- 
lage growth. Optic atrophy, microcephaly, and 


cerebral agenesis have also been described. The 
fetuses of mothers requiring anticoagulation during 
pregnancy are exposed not only to the risk of 
anticoagulation but also to adverse perinatal factors 
related to the maternal indication for anticoagulation. 
The perinatal mortality rate of one in 38 among a 
heparin-treated group of pregnancies? compares 
favourably with the rate of one in 5 in two studies of 
warfarin-treated patients, ‘~* suggesting that warfarin 
per se is an additional hazard. 

There appears now to be convincing evidence 
that warfarin in early pregnancy is a cause, albeit 
rare, of chondrodysplasia punctata, that it tends 
to produce the less severe form of the disorder with 
better perinatal survival and long-term prognosis, 
that it produces an overall increase in perinatal 
mortality rate, and that it must be avoided in early 
pregnancy and in the potentially pregnant. 


I thank Professor R D G Milner, Dr L S Taitz, 
and Dr J A Black for permission to report a case 
under their care. 


References 


1 Spranger J W, Opitz J M, Bidder U. Heterogeneity of 
chondrodysplasia punctata. Humangenetik 1971; 11: 
190-212. 

Abbott H A, Sibert J R, Weaver J B. Chondrodysplasia 
punctata and maternal warfarin treatment. Br Med J 
1977; i: 1639-40. 

Collins P, Olufs R, Kravitz H, Babakitis M. Relationship 
of maternal warfarin therapy in pregnancy to chondro- 
dysplasia punctata: report of a case. AmJ Obstet Gynecol 
1977; 127: 444-6. 

Josephson B M, Oriatti M D. Chondrodystrophia calci- 
ficans congenita: report of a case and review of the 
literature. Pediatrics 1961; 28: 425-33. 

Sheffield L J, Danks D M, Mayne V, Hutchinson L A. 
Chondrodysplasia punctata: 23 cases of a mild and 
relatively common variety. J Pediatr 1976; 89: 916-23. 
Shaul W L, Emery H, Hall J G. Chondrodysplasia 
punctata and maternal warfarin use during pregnancy. 
Am J Dis Child 1975; 129: 360-2. 

Fillmore S J, McDevith E. Effects of coumarin derivatives 
on the fetus. Ann Intern Med 1970; 73: 731-5. 

Villasanta U. Thromboembolic disease in pregnancy. 
Am J Obstet Gynecol 1965; 93: 142-60. 

Kerber I J, Warr O S, III, Richardson C. Pregnancy in a 
patient with a prosthetic mitral valve. JAMA 1968: 
203: 223-5. 

!? Becker M H, Grenieser N B, Finegold M, Miranda D, 
Speckman T. Chondrodysplasia punctata: is maternal 
warfarin therapy a factor? Am J Dis Child 1975; 129: 
356-9. 

Pettifor J M, Benson R. Congenital malformations 
associated with the administration of oral anticoagulants 
during pregnancy. J Pediatr 1975; 86: 459-62. 

Pauli R M, Madden J D, Kranzler K J, Culpepper W, 
Port R. Warfarin therapy initiated during pregnancy and 


phenotypic chondrodysplasia punctata. J Pediatr 1976; 
88: 506-8. 


t2 


c 


~ 


uo 


a 


X 


© 


_ 
MT 


— 
t2 


142 M F Whitfield 


13 Richman E M, Lahman J E. Letter: Fetal abnormalities 
associated with warfarin therapy initiated shortly prior 
to conception. J Pediatr 1976; 88: 509-10. 

14 DiSaia P J. Pregnancy and delivery of a patient with a 


Starr-Edwards mitral valve prosthesis. Obstet Gynecol 


1966; 28: 469—72. 


Referees 1979 


Correspondence to Dr M F Whitfield, Department 
of Paediatrics, Children's Hospital, Western Bank, 
Sheffield SIO 2TH. 


Received 27 February 1979 


We continue to depend heavily on the help we get from our referees who assess and, in many cases, 
suggest significant improvements to the papers. This is the only opportunity we have to acknowledge 
publicly the work done by them during the past year. 


P Aggett 
Barbara M Ansell 
G C Arneil 

A Aynsley-Green 
Gillian Baird 

N D Barnes 

J D Baum 

J F R Bentley 

H Bickel 

B D Bower 

R D H Boyd 

P T Bray 

C G D Brook 

J K Brown 

J M H Buckler 
D Burman 

N R Butler 

C Chantler 
Judith M Chessells 
C Clarke 
Barbara Clayton 
F Cockburn 

K W Cross 

D P Davies 
Pamela A Davies 
J A Davis 

J A Dodge 
MAPS Downham 
V Dubowitz 

J A Dudgeon 
PM Dunn 

E J Ebrahim 

H Eckstein 
Dorothy F Egan 
J L Emery 

P Evans 

J W Farquhar 

J A Fixsen 

C D R Flower 

J O Forfar 
Gillian Gandy 

J F T Glasgow 


P J Graham 

D B Grant 

J F H Hardisty 
J T Harries 

D R Harvey 

G B Haycock 
R G Hendrickse 
I B Houston 

D Hull 

R S Illingworth 
R H Jackson 

M C Joseph 

J A Kuzemko 

P Lachman 

B M Laurance 
Sylvia Lawler 

R Levinsky 
June K Lloyd 

J Lorber 
Margaret Lynch 
D MacCarthy 
F J Macartney 
Sheila A McKenzie 
A S McNeish 
M Maisey 

D J Matthew 

S R Meadow 

M Mearns 

A D Milner 

M W Moncrieff 
Patricia H Morris Jones 
A P Mowat 

J Nagington 

B G R Neville 
V G Oberholzer 
R E Olver 

J M Parkin 

A D Patrick 

M Pembrey 

D N Raine 

E O R Reynolds 
A Richens 


R P A Rivers 

N R C Roberton 
A Rook 

H A K Rowland 
G W Rylance 

H Saxton 

J W Scopes 
Olive Scott 

J W T Seakins 
W J W Sharrard 
J C L Shaw 

E A Shinebourne 
M Silverman 

H Simpson 

Mary P E Slack 
Jean Smellie 
Barbara Smith 

S E W Smith 

R W Smithells 
Patricia M Sonksen 
J F Soothill 

T C B Stamp 

J B P Stephenson 
C Stern 

J Stevenson 

Ann L Stewart 

L B Strang 

J P M Tizard 

H B Yalman 

J A Walker-Smith 
M Watson 

R J West 

B A Wharton 
Elsie Widdowson 
J S Wigglesworth 
A W Wilkinson 
M L N Willoughby 
J Wilson 

C B S Wood 

D G Young 

W Yule 


Archives of Disease in Childhood, 1980, 55, 143-145 


Current topics 


Gluten intolerance, gluten enteropathy, and coeliac 


disease 


J A DODGE 


Department of Child Health, Welsh National School of Medicine, Cardiff 


It is nearly a century since Gee first described the 
‘coeliac affection’, and more than a generation since 
Dicke discovered the central role of gluten in its 
pathogenesis. In recent years it has been the sole 
subject of three international conferences, and the 
major topic discussed at the European Society for 
Paediatric Gastroenterology and Nutrition 
(ESPGAN) in at least two of their annual meetings.! 
Despite intensive study, understanding of coeliac 
disease is still far from complete, whether in children 
or adults. Although strict criteria for diagnosis have 
been recommended by ESPGAN,;? the situation 
remains confused. 

The criteria used currently for the diagnosis of 

coeliac disease are: 
(1) Clinical symptoms accompanied by villous 
atrophy. (2) Clinical and histological recovery on 
gluten-free diet. (3) Histological relapse after 
gluten challenge. 

For various reasons these criteria may be 
inadequate for some children whose symptoms 
improve on a gluten-free diet but whose disease is 
either transient or recurrent. The puzzled clinician 
then asks himself ‘Is this coeliac disease ?'!—without 
the possibility of a satisfactory answer. 

The diagnosis of ‘transient’ coeliac disease cannot 
be assigned with certainty to any patient unless he 
has been followed for a lifetime; while apparent 
spontaneous recovery after a prolonged course has 
been reported in some patients.* Hard cases may 
make bad law, but perhaps it is time to ask whether 
the laws in this case should be abolished altogether, 
as being irrelevant to the real problem. Instead of 
trying to accommodate patients within a fixed 
diagnostic category, a problem-orientated approach 
may be more helpful. Thus, the important questions 
to be answered are: (1) Are the patient’s symptoms 
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caused by gluten? (2) Does he or she have a jejunal 
mucosal lesion? And subsequently (3), is either 
(1) or (2), or both, (a) active? (b) in remission? 

Clarity of thought would be aided by abandoning 
the nomenclature ‘coeliac disease’ altogether. Instead, 
we should move from the constraints of a ‘disease’ 
with strict criteria into a more flexible framework, 
where the emphasis is on the aetiological agent rather 
than on morbid anatomy. In untreated ‘classical’ 
coeliac disease, symptoms and enteropathy go 
together; but understanding of either is much more 
likely to occur when their varying relationships are 
worked out in a wider context. The clinical findings 
and the pathological lesion, which are not always 
correlated, should be separately defined (Table). 
Clinical symptoms, whether classical, transient, 
relapsing, recurrent, or atypical would be termed 
gluten intolerance. The confirmation of this diagnosis, 
like those of cows’ milk protein intolerance and 
lactose intolerance, would depend on prompt 
remission of symptoms when the offending substance, 
in this case, gluten, is excluded from the diet. 

The histological component of coeliac disease, a 
flat or hypotrophic jejunal mucosa, should be 
described as gluten enteropathy, which can only be 
diagnosed by a biopsy. This is analogous to lactase 
deficiency, a biochemical disorder which is not 
necessarily accompanied by clinical lactose 


Table Gluten intolerance and gluten enteropathy 


Gluten intolerance (clinical) 


Classical coeliac disease (untreated or in relapse) 

Transient coeliac disease 

Recurrent coeliac disease 

Atypical gastrointestinal symptoms responding to gluten exclusion 
Systemic symptoms responding to gluten exclusion 


Gluten enteropathy (histological) 
Coeliac disease 


Asymptomatic patients (undiagnosed or in clinical remission) 
Enteropathy of dermatitis herpetiformis 
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intolerance. Gluten is not the only aetiological agent 
producing villous ‘atrophy’, and similar appearances 
may be found in cows’ milk and soya enteropathies, 
marasmus, and maternal deprivation, although 
the mucosal lesion is usually less severe in these 
conditions. A ‘flat’ jejunal mucosa is often found in 
asymptomatic patients who have stopped their 
diet,^ and was even discovered fortuitously in an 
adult who underwent ileal bypass for Obesity: to 
call this coeliac disease is stretching the term 
beyond its credibility (A Ferguson, 1979, personal 
communication). Recovery of villous structure 
after gluten exclusion takes longer to occur than 
relief of symptoms, but should ideally be demon- 
strated if the diagnosis of gluten enteropathy is to be 
sustained. Finally, histological relapse on reintroduc- 
tion of gluten, according to the ESPGAN 
recommendations, should confirm the diagnosis: 
but in practice paediatricians do not always proceed 
to this phase of investigation and content themselves 
and their patients with the often spectacular clinical 
and histological remission obtained when dietary 
treatment is introduced. 

If the routine number of biopsies were to be 
reduced to two, a better case could be made for 
omitting the second of the present three: if clinical 
recovery occurs on a gluten-free diet, histological 
improvement would be expected. On the other 
hand, if the biopsy appearances remain abnormal 
despite clinical improvement, the inference is 
usually that the diet has not been strictly adhered to 
and the diagnosis is unlikely to be changed. (In 


PHASE ! (PRESENTATION ) 





ima ^ 
PHASE 2 ( INVESTIGATION ) 


GLUTEN ENTEROPATHY NORMAL OR MINIMAL 


GLUTEN-FREE DIET 


CLINICAL REMISSICN 


PHASE 3 (SHORT-TERM 


TREATMENT ) 
Duration 1 year or more 


adults, histological remission is not as likely to 
occur as in children, and is not always regarded as 
an essential part of the diagnosis). In the Figure, a 
scheme of management with two biopsies is outlined. 
Those patients with significant symptoms on gluten 
will obviously wish to continue their gluten-free diet 
indefinitely. However, the postchallenge biopsy is 
important even for the remainder. It may demon- 
strate persistent enteropathy—that is mucosal as 
opposed to clinical intolerance to gluten, and in our 
present state of knowledge, would be an indication 
for long-term dietary exclusion of gluten. Whether 
this reduces the small but significant risk of 
lymphoma is not yet clear. It will improve growth 
and development in some patients and perhaps 
improve the general well-being of others with 
minor symptoms. 

Recently, Fumigali and Challacombe? described 
children with persistent gastrointestinal symptoms 
and weight loss, whose jejunal biopsies showed only 
minor changes which would not be accepted as 
coeliac disease by most pathologists, but who 
recovered on treatment with a gluten-free diet. They 
might be regarded as having gluten intolerance 
without gluten enteropathy (at least as currently 
defined), and the counterpart of asymptomatic 
patients with a flat mucosa. 

Eventually, coeliac disease may be redefined in 
biochemical or immunological terms. Susceptibility 
to coeliac disease is closely, but not exclusively, 
associated with possession of HLA-DRW3 and B8 
tissue antigens, but this genotype occurs in many 


p [oturen _inroerance]} 


SEVERE SYMPTOMS 


SLIGHT SYMPTOMS 


JEJUNAL BIOPSY 


HISTOLOGICAL FINDINGS 


(Further biopsy at this 
stage will confirm 


( otherwise reconsider response 1o diet ) 


diagnosis ) 


NO SYMPTOMS 
AFTER 2 YEARS 


Ri MEORUM n (1st wegg n7 777 
2 years SPEM ONU RELAPSE OR POSITIVE 

AR SCREENING TEST 

' n ‘Wigs. 
PHASE 5 (REINVESTIGATION ) : 





Timing depends upon symptoms \ 
or abnormal screening test resulis ^s, 


i: 


PHASE 6 (LONG-TERM TREATMENT ) ™/GLUTEN-FREE DIET 





Figure 4 clinical approach to gluten intolerance. 
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Gluten intolerance, gluten enteropathy, and coeliac disease 


unaffected persons. A characteristic gut hormone 
profile has been described. For the present, biopsy 
findings determine the investigative approach. The 
clinical disorder and its relationship to gluten 
(gluten intolerance) is of much more practical 
importance to the patient than the mucosal 
appearances. Medical scientists, interpreting the 
toxicity of gluten fractions according to their 
effects on the jejunal villi (gluten enteropathy) will 
no doubt some day clarify the pathological 
mechanisms. At least until then, and probably 
thereafter, the pragmatic introduction of a gluten-free 
diet is the correct treatment for intolerance and 
enteropathy alike." 


References 


1! McNeish A S, Harms H K, Rey J, Shmerling D H, 
Visakorpi J K, Walker-Smith J A. The diagnosis of 
coeliac disease. A commentary on the current practices 
of members of the European Society for Paediatric 


145 


Gastroenterology and Nutrition (ESPGAN). Arch Dis 
Child 1979; 54: 783-6. 

Meeuwisse G. Diagnostic criteria in coeliac disease. 
Acta Paediatr Scand 1970; 59: 461-3. 

Schmitz J, Jos J, Rey J. Transient mucosal atrophy in 
confirmed coeliac disease. In: McNicholl B, McCarthy 
C F, Fottrell P F, eds. Perspectives in coeliac disease. 
Lancaster: MTP Press, 1978: 251-7. 

McCrae W M, Eastwood M A, Martin M R, Sircus W. 
Neglected coeliac disease. Lancet 1975; 1: 187-90. 
Fumigali B, Challacombe D N. Gluten intolerance in 
childhood: a community study. Paper given at the Fifty- 
first Annual Meeting of the British Paediatric Association, 
York, 27-31 March 1979. 

Besterman H S, Bloom S R, Sarson D L, et al. Gut- 
hormone profile in coeliac disease. Lancet 1978; 1: 785-8. 
McNeish A S. Coeliac disease: duration of gluten-free 
diet. Arch Dis Child 1980; 55: 110-11. 


t2 


w 


-— 


e 


ec 


y 


Correspondence to Dr J A Dodge, Department of 
Child Health, Welsh National School of Medicine, 
Heath Park, Cardiff CF4 4XN. 


Received 14 August 1979 





The following articles will appear in future issues of this journal: 


Zollinger-Ellison syndrome in a child: medical treatment with cimetidine. D P Drake, A G MacIver, and 
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Short reports 
Familial hyperparathyroidism 
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SUMMARY A mother and her 12-year-old son both 
had a parathyroid adenoma. They represent a 
further example of dominant inheritance of isolated 
hyperparathyroidism. 





Primary hyperparathyroidism is a rare disease in 
children and by 1970 only 43 cases had been 
reported.! Familial hyperparathyroidism is also 
uncommon and when it occurs usually forms part of 
the pluriglandular syndrome. It can however be an 
isolated disorder,” and we describe 2 such cases, a 
mother and her son, who each had only a single 
parathyroid adenoma. 


Case 1 


A 12-year-old boy gave a 6-week history of dyspepsia 
and poor appetite. Although rather thin, he looked 
well, but was tender in the right hypochondrium. 
Barium meal examination confirmed that he had a 
duodenal ulcer. After treatment with antacids his 
pain resolved and he rapidly gained weight. There 
was no family history of peptic ulceration. A blood 
sample taken at his first hospital visit showed a high 
serum Ca: this subsequently ranged from 2:74 to 
3:0 mmol/l (10:96 to 12-0 mg/100 ml). He was 
given 120 mg hydrocortisone daily for 10 days and 
the serum Ca levels did not fall, being 2:71 mmol/l 
(10:8 mg/100 ml) on day 8, 2:72 mmol/l (10-9 
mg/100 ml) on day 9, and 2.71 mmol/l (10-8 
mg/100 ml) on day 10. The plasma phosphate, urea, 
albumin, alkaline phosphatase parathormone, 
cortisol, thyroxin, gastrin, fasting glucose, and 
insulin were all normal (Table). Radiologically there 
was no evidence of bone disease or renal calculi. 
Selective venous sampling showed that the 
parathormone level was >10 ng/ml in the region of 
the inferior thyroid vein, and at surgical exploration 
a cystic adenoma of the left lower parathyroid gland 
was found within the thymus and was removed 
(Mr E Milroy). Normal left and right upper para- 
thyroid glands were identified and biopsied. The 


Table Biochemical investigations 
— ——————————————— 


Serum Mother Son | Normal 
Calcium (mmol/l) 2.95 3.0 2-35-2-65 ) For 
Phosphate (mmol/l) 0-31 1-2 1-1 -1-9 age of 
Alkaline phosphatase (IU/l) 53 244 100—260 son 
Albumin (g/l) 45 45 
Urea (mmol/l) 3.0 2-9 
Parathormone (ng/ml) 1-4 0.94 <1-0 
Thyroxine (nmol/l) 104 104 70-140 
Gastrin (pmol/l) <5 LS <50 
Glucose (mmol/l) 4.0 4.9 3.5-5.3 
Insulin (mU /l) 2.9 5.9 2-12 
Cortisol (nmol/l) 
Morning 205 280-670 
Evening 130 140—280 
Urinary cortisol (nmol/l) 211 -— 280 


—————MMÓáá— 
Conversion: SI to traditional units—Calcium: 1 mmol/l ~ 4 mg/100 ml 
Phosphate: 1 mmol/l ~ 3-1 mg/100 ml. Urea: 1 mmol/l ~ 6-0 mg/100 
ml. Glucose: 1 mmol/l « 18 mg/100 ml. Thyroxine: 1 nmol/l = 
0-078 pg/100 ml. Cortisol: 1 nmol/l « 0-036 yg/100 ml. Urinary 
cortisol: 1 nmol/l œ 0-36 ug/24 h. 


right lower parathyroid was not seen. Postoperatively 
plasma Ca fell to normal. 


Case 2 


The mother, who was asymptomatic, was found to be 
hypercalcaemic when members of the immediate 
family were screened (father, mother, and brother). 
On direct questioning she admitted to polyuria of 
4 years’ duration and polydipsia for one year. She 
had had a thyroidectomy 18 years previously for 
thyrotoxicosis. Systematic examination was normal. 
The corrected serum Ca was 2:95 mmol/l (11-8 
mg/100 ml). This failed to become normal during a 
standard 10-day hydrocortisone suppression test, 
the serum Ca being 2:90 mmol/l (11:6 mg/100 ml) 
on day 8, 2:87 mmol/l (11-5 mg/100 ml) on day 9, 
and 2:92 mmol/l (11-7 mg/100 ml) on day 10. The 
results of other biochemical investigations are given 
in the Table, and showed a low plasma phosphate, 
and raised parathormone level. Investigations for 
associated endocrine disorders were normal. Radio- 
logically there was no evidence of bony or renal 
involvement. 

Parathyroid venous sampling showed abnormal 
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venous drainage due to previous surgery. Con- 
sistently high levels of parathormone with a 
maximum value of 5-2 ng/nl were found in the 
brachiocephalic vein, suggesting a tumour in a lower 
parathyroid gland. At neck exploration (Mr E 
Milroy) an adenoma was found in the right lower 
gland and was removed. Postoperative serum Ca 
was normal. 

Histological examination of the tumour from both 
mother and son showed a typical parathyroid 
chief-cell adenoma. 


Discussion 


The boy is interesting in two respects. He had 
primary hyperparathyroidism and a peptic ulcer 
which in children is a rare combination: Bjernulf 
et al! mentioned only 2 similar cases. In addition, it 
is unusual for a child with hyperparathyroidism to 
have no bone or renal involvement.? 

The mother originally denied any symptoms, but 
early diagnosis before bony or renal complications 
had occurred was mede when the serum Ca was 
measured in the child's close family. We consider 
that this should be done routinely in childhood 
hyperparathyroidism. 

In neither patient was there any evidence of 
associated endocrine disturbance. This appears to be 
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a further example of familial isolated hyperpara- 
thyroidism, which is rare and is said to be inherited 
as an autosomal dominant trait.” 

In familial hyperparathyroidism generalised hyper- 
plasia of the parathyroid glands is usually found.* It 
is interesting that both our patients had a single 
parathyroid adenoma, which is the usual finding in 
childhood.? 


We thank Dr J O’Riordan and Mr E Milroy for 
permission to publish details of these patients. 


References 


T 


Bjernulf A, Hall K, Sjogren I, Werner I. Primary hyper- 
parathyroidism in children. Brief review of the literature 
and a case report. Acta Paediatr Scand 1970; 59: 249—58. 
Jackson C E. Hereditary hyperparathyroidism associated 
with recurrent pancreatitis. Ann Intern Med 1958; 49: 
829-36. 

Frier B M, Marrian V J. Uncomplicated hyperpara- 
thyroidism. Arch Dis Child 1974; 49: 808-10. 

Cutler R E, Reiss E, Ackerman L V. Familial hyper- 
parathyroidism. A kindred involving eleven cases, with 
a discussion of primary chief cell hyperplasia. N Engl J Med 
1964; 270: 859-65. 

Verger P, Courand L, Guillard J M, Sandler B, Asanea K, 
Gambier P. Hyperparathyroidie majeure par adénome 
parathyroidien chez l'enfant. Ann Pediatr 1970; 17: 17-23. 


t2 


e 


-— 


c 


Correspondence to Dr M W Moncrieff, Department of 
Paediatrics, The John Radcliffe Hospital, Oxford OX2 6HE. 


Course of rotavirus gastroenteritis in a closed community 
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TAKAO OZAKI, SHIN ISOMURA, AND SAKAE SUZUKI 


Department of Paediatrics, Nagoya University School of Medicine, Japan 


SUMMARY There were 3 outbreaks of rotavirus 
gastroenteritis accompanied by milky-white stools 
in a closed community of 21 children in Japan 
during a 2-year period. Several different clinical 
courses were observed as a result of clinical, sero- 
logical, and virological observations. 


There is strong evidence from many parts of the 
world that human rotavirus is commonly associated 
with acute nonbacterial gastroenteritis in infants and 
children.! In Japan, this virus is also found in acute 
gastroenteritis, particularly in that form of infantile 
diarrhoea which is accompanied by a milky-white 
stool (called Hakuri in Japanese).? Hakuri has long 


been known as a well-defined and common type of 
nonbacterial gastroenteritis occurring in winter.? 
Rotavirus has been detected by electron microscopy 
(EM) in the faeces from as many as 90% of Hakuri 
patients.” * However, the mode of human rotavirus 
infection and immunity against this virus has yet to 
be elucidated. To clarify these points, we studied a 
series of outbreaks of Hakuri in a closed community 
during a 2-year period. 


Materials and methods 
The study group comprised 21 children (10 boys, 


11 girls) between ages 3 and 18 months, under the 
care of the Shuzenkai Orphanage in Nagoya. They 
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lived together, mainly in the same room. There were 
3 outbreaks of Hakuri between April 1976 and 
March 1978. The first two outbreaks took place in 
February and December 1977, and the third was in 
February 1978. As the affected children could not be 
isolated, the others were directly exposed. Through- 
out this period, using bedside charts, one of us 
looked daily for evidence of gastroenteritis, and 
recorded the following for each child: the presence of 
diarrhoea (a loose stool passed at least 3 times a 
day), fever (37-5°C or more), vomiting, the duration 
of symptoms. 


Methods 


During each of the 3 epidemics, faecal samples were 
collected from between 3 and 5 Hakuri patients (a 
total of 11 patients, 12 samples) and from 7 asympto- 
matic children. These samples were examined by 
negative-staining EM.? Immune adherence haemag- 
glutination (IAHA) was also used to detect rotavirus 
antigen in faeces. Sera were examined by comple- 
ment fixation (CF) using human rotavirus as an 
antigen source. 


Results 


During the 3 Hakuri outbreaks, 15 children had 
acute gastroenteritis clinically (Figure, black circles). 
Six were affected in the first outbreak, 3 in the second, 
and 6 in the third. Six children remained free of 
gastroenteritis symptoms. Ages of affected children 
ranged from 7 to 24 months (mean 13). Vomiting 
took place in all but one, particularly on the first day 
of illness. Loose milky-white stools were passed for 
one or two days and thereafter were greenish yellow. 
The incubation period appeared to be 24-48 hours. 
All 15 children recovered without complications. 
Except for the milky-white stools, these symptoms 
resemble those previously reported in winter 
epidemics of infantile gastroenteritis. The mechanism 
producing milky-white stools is still unclear. 

At each outbreak, rotavirus was detected by EM 
or IAHA in all faecal samples collected from 
symptomatic children. Samples from 7 asymptomatic 
children were all rotavirus-negative. No other virus 
particles could be detected by EM. 


Serological studies. The Figure shows that all 15 
children with Hakuri developed CF responses to 
human rotavirus. CF antibody rise was absent in 
3 of the 6 asymptomatic children during this period 
(Cases 7, 20, and 21), but was present in the remaining 
3 (Cases 6, 18, and 19). Reinfection was observed in 
2 patients. One (Case 11, 14 months), whose CF 
antibody titre was 4, had Hakuri in the second 
epidemic with a rise in titre to 16. In another (Case 
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2nd outbreak 3rd outbreak 


Ist outbreak 


@ Clinical gastroenteritis 

@ Mild vomiting 

O Fever only, for 1-2 days 

O No clinical signs oí infection 
O* Faeces positive for rotavirus 
O** Faeces negative for rotavirus 


Figure Symptoms, and titres of CF antibody to 
rotavirus, in 21 children during 2-year period. 


10), the illness recurred after an interval of 12 months, 
with also an antibody rise from a titre of 4 to 16. Two 
other children (Cases 8 and 9), who had suffered 
from Hakuri at the first outbreak, had mild vomiting 
or fever at one of the subsequent outbreaks (Figure, 
black squares and white squares), with a large 
renewed rise in CF antibody during the second 
outbreak. 


Discussion 


During a period of 2 years, five different clinical 
courses of rotavirus gastroenteritis were observed. 
Type 1, children who remained free of rotavirus- 
infection throughout all 3 Hakuri outbreaks (Cases 
7, 20, and 21). Type 2, inapparent infection (Cases 
6, 18, and 19), as reported among neonates by 
Murphy et al.’ Type 3 (the most common type), 13 
children who developed Hakuri once but showed no 
clinical manifestations on re-exposure. Type 4, 
reinfection, was observed in 2 children (Cases 10 and 
11) by EM of faeces and serological examinations. 
Type 5, exemplified by 2 children (Cases 8 and 10) 
who had typical Hakuri once, and later showed CF 
responses on re-exposure together with mild 
vomiting or fever. We can suppose that these 
children were reinfected with rotavirus, but that 
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intestinal local immunity may have provided enough 
protection to prevent diarrhoea. 


It has been suggested that there are subtypes of 
this virus, which might explain the variety of clinical 
coürses. We ourselves have suggested that 
immunological responses of this illness might differ 
from those in most other common viral infections, 
with individual differences in the acquisition of 
local immunity within the intestine.? 
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Primary vesicoureteric reflux in neonates with imperforate anus 


A M K RICKWOOD AND L SPITZ 
The Children's Hospital, Western Bank, Sheffield 


SUMMARY Cystography, performed in 26 out of a 
total of 33 consecutive neonates with imperforate 
anus, revealed primary vesicoureteric reflux in 12 
cases. The reflux was usually pronounced, and was 
particularly common in females and in infants with 
urinary tract infections. The incidence of reflux was 
unrelated to the severity of the anorectal anomaly, 
and reflux was often demonstrated in patients in 
whom an intravenous pyelogram had shown an 
undilated upper renal tract. 





Primary vesicoureteric reflux (VUR) is the most 
common anomaly of the upper renal tract in child- 
hood! and it was expected that this condition might 
often be found in infants with an imperforate anus, 
in whom the incidence of upper renal tract anomalies 
is such that a neonatal intravenous pyelogram (IVP) 
is generally considered mandatory. In four major 
series in which the genitourinary tract anomalies 
associated with imperforate anus were described, 
Singh et al.? and Hasse? mentioned VUR but gave 
no statistics, while Wiener and Kiesewetter* listed 
only 11 examples in a series of 200 cases. Smith? was 
the only one to advocate a micturating cystourethro- 
gram (MCU) as a routine in neonates with 
imperforate anus; he found 13 examples of VUR in 


195 cases. At this hospital it was not formerly the 
practice to perform an MCU routinely in patients with 
imperforate anus, but when we did perform one in 
response to a particular indication (unexplained 
urinary tract infection, upper tract dilatation on 
IVP, to demonstrate a rectourethral fistula, etc.), 
VUR was often revealed, and reimplantation of 
refluxing ureters was virtually the only urological 
surgery undertaken in these patients. As a result, 
it is now our practice to perform an MCU in any new 
case of imperforate anus. 


Case material and findings 


33 new patients with imperforate anus presented as 
neonates in the 3-year period January 1976 to 
December 1978. Three died before their renal tracts 
had been investigated, and 4 had IVPs only. The 
remaining 26 had both IVPs and MCUS before being 
discharged from hospital. The radiological findings 
in these cases are shown in Table 1, and the compari- 
son between the MCU and clinical findings in Table 
2. Generally VUR of grades I and II only took place 
during voiding, and grade III during both filling and 
emptying of the bladder. Only one patient had a 
sacral deficiency likely to produce neurogenic bladder 
dysfunction; his MCU showed no reflux. It is too 
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early to assess the progress of the VUR or its effects 
on the kidneys, but 3 patients with grade III reflux 
showed early renal scarring when reinvestigated 
between 1 and 2 years of age. All 3 had had urinary 
tract infections which had apparently been 
adequately controlled with antibiotics: 2 have 
undergone reimplantation of their refluxing ureters. 


Table 1 Radiological findings (IVP and MCU) in 
26 patients with imperforate anus 
MCU findings 
VUR unilateral 8 (3 with solitary kidney) 
VUR bilateral 4 
Total 16 refluxing pyelons 
2 grade I* 
3 grade II* 
11 grade III* 
Comparison between IVP and MCU findings 
IVP MCU 
Normal bilateral 19 VUR 9 
No VUR 10 
Normal solitary functioning kidney 2 VUR 2 
No VUR — 
Solitary functioning kidney with ureteric 3 VUR l 
dilatation No VUR 2 
Unilateral pelviureteric obstruction | VUR — 
No VUR | 
Horseshoe kidney l VUR —- 
No VUR | 


——————————— r—— uc 


*Grade I reflux into ureter only, grade II complete reflux without 
dilatation, grade III complete reflux with dilatation cf pelvical yceal 
system, 


Table 2 Correlation between MCU and clinical 





findings 
——————————————————— 
Male Female Total 
n—17(5) n—9(7) n=26 (12) 
Urinary tract None 12 (1) 2 (2) 14 (3) 
infection* Present 5 (4) T (5) 12 (9) 
Anorectal anomaly High 8 (2) 4 (2) 12 (4) 
Low 9 (3) S (5) 14 (8) 
Birthweight >3 kg 11 (3) 4 (4) 15 (7) 
<3 kg 6 (2) 5 (3) 11 45) 
Major associated None 12 (3) 8 (6) 20 (9) 
anomalyt Present 5 (2) 1 (1) 6 (3) 


n EE E E nr € (— PàÓó — ÓrÓÜ—MÀÀ 
Figures in brackets indicate numbers with vesicoureteric reflux. 
*Excludes urinary tract infections occurring in the presence of a 
rectourethral fistula, 13 tracheo-oesophageal fistula and oesophageal 
atresia, | duodenal atresia, 1 colonic atresia, 1 oesophageal atresia, 
duodenal atresia, malrotation and subglottic stenosis. 


Discussion 


On the basis of this fairly small series, the following 
features emerge: (1) primary VUR is a common 
abnormality of the upper renal tract in patients with 
imperforate anus, occurring in 12 (45%) of the 26 
cases fully investigated; (2) when present, VUR 
tends to be quite severe (grade IIT); (3) the demon- 


stration of normal upper tracts without ureteric 
dilatation on IVP does not exclude the presence of 
VUR of any degree; (4) VUR is more common in 
females; (5) although VUR is more likely to be 
present when there is a urinary tract infection which 
cannot be explained by the presence of a rectourethral 
fistula, the absence of such infection does not exclude 
the presence of reflux; (6) there is no correlation 
between the incidence of VUR and the type of 
anorectal anomaly, the birthweight, or the presence 
or absence of other associated major congenital 
abnormalities. 

Whether routine screening of these cases for VUR 
is justified depends not only on the incidence of 
reflux, but whether this is likely to be a cause of 
long-term renal damage. It is generally accepted that 
renal scarring rarely occurs except in the presence of 
more severe (grade III) VUR.’ It has also been 
stated that VUR in the absence of urinary tract 
infection does not cause renal damage.” Whatever 
the mechanism of reflux pyelonephritis, there is 
evidence that the damage usually occurs in the first 
few years of life.’ 

From these findings, we recommend an MCU be 
done in addition to an IVP in all neonates with 
anorectal anomalies. Even if this policy is not 
adopted, the demonstration of 2 normal kidneys on a 
neonatal IVP should not induce a false sense of 
security about the continued normality of the upper 
renal tracts, and, at the very least, these patients 
should be closely monitored for urinary tract 
infections in their early years and an MCU 
performed, should one be found. 
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Raised somatomedin associated with normal growth hormone 


A cause of Beckwith-Wiedemann syndrome? 


G S G SPENCER, F SCHABEL, AND H FRISCH 


Cardiothoracic Institute, London, and Universitatsklinik für Kinderheilkunde*, Innsbruck, Austria 


SUMMARY A child with Beckwith-Wiedemann syn- 
drome is described. Growth hormone levels were 
normal, but circulating somatomedin activity was 
increased. The role of somatomedins in this con- 
dition, and the possibility of a feedback mechanism 
controlling somatomedin production are discussed. 


The Beckwith-Wiedemann syndrome is rare and is 
characterised by omphalocele, muscular macro- 
glossia, visceromegaly, and gigantism.!~* Pancreatic 
islet-cell hyperplasia has been described at necropsy, 
and the resultant hyperinsulinism is believed to be the 
reason for the hypoglycaemia observed in many of 
the patients.? Growth hormone (GH) levels have 
been reported to be normal? and there is no explana- 
tion yet for the excessive growth. 

Somatomedin, as the active mediator of GH, and 
an insulin-like peptide? could be important in the 
aetiology of this syndrome. We describe a child with 
Beckwith-Wiedemann syndrome in whom we 
measured a number of hormones, including GH and 
somatomedin. 


Case report 


This baby boy was the first child of healthy non- 
consanguineous parents. He was delivered normally, 
10 days before term, after an uneventful pregnancy. 
Two hours after birth blood glucose was < 25 
mg/100 ml (1:39 mmol/l). Body length was 58 cm 
and weight 4:55 kg, both > 90th centile; head 
circumference was 34:5 cm, 50th centile. There was 
pronounced macroglossia, typical furrowing of the 
ear lobes in the shape of an inverted Y, a broad 
thorax, diastasis of the rectus abdominus, and a 
large, skin-covered umbilicus. Enlarged kidneys 
could be felt on both sides and the liver was palpable 
2 cm below the right costal margin. The spleen was 
not palpable. The right testis was descended but the 
left was not palpable. Musculature was well 
developed. X-rays showed typical signs of the 
syndrome: advanced bone age,  microcephaly, 
hypoplasia of the maxilla and prognatia, a prominent 


*Chairman, Professor H Berger. 


occiput, thymus hyperplasia, and enlarged kidneys. 
Blood-gases and electrolytes, blood cell count, and 
urine amino-acids were normal. 

The baby was fed calorie-enriched milk 4-hourly, 
but in the first 2 weeks twice became hypoglycaemic 
with blood glucose levels 23:2 and 29:8 mg/100 ml 
(1:29 and 1-65 mmol/l). On the 10th day there was a 
rise in blood glucose from 29-8 to 56:4 mg/100 ml 
(1:65 to 3:13 mmol/l) 60 minutes after oral glucose 
administration. Blood glucose fell to 33:1 and 
29:8 mg/100 ml (1:84 and 1:65 mmol/l) after 120 
and 180 minutes respectively. At the start of the 
third week, blood glucose levels were normal and 
after 2 months repeated oral administration. of 
glucose produced a normal glucose response, but 
without any detectable immunoreactive insulin. 


Methods 


Somatomedin activity was measured independently 
in two laboratories against the same standard 
reference plasma, using a porcine costal cartilage 
bioassay. GH and insulin were measured by 
radioimmunoassay, and glucose by the glucose- 
hexokinase method. Bone age was determined 
according to the atlas of Greulich and Pyle. 


Results 


The tolbutamide test causes a release of insulin and 
produces hypoglycaemia in the normal, but not in 
the diabetic state. In this patient the hypoglycaemic 
response to tolbutamide was pronounced, however 
no immunoreactive insulin was detectable. Plasma 
GH level was high at 4 weeks, but was normal at all 
other times that it was measured (Table 1). 

Table 2 shows the length, weight, head circum- 
ference, and bone age during the first 3 years, 
together with measurements of urinary corticosteroid 
excretion and plasma cortisol levels. 

Somatomedin activity was 9:4 and 9:8 U/ml at 32 
months, whereas in pooled plasma collected from 
normal adults somatomedin activity was 1:0 U/ml. 
Plasma | somatomedin increases throughout 
childhood until adult levels are reached during 
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Table 1 Human growth hormone and glucose 
response to intravenous insulin administration 


Age (years) 


0-078* 0-153* 1-6671 
GH Glucose GH Giucose GH Glucose 
(ug/I) (mmol/l) (ug/I) (mmol/l) (ug/l) (mmol /1) 
Fasting 12-0 6-0 2-05 4-8 
2-4 2-9 
10-5 6.5 1-25 4-2 
After 
administration 
(minutes) 
15 10-0 1-7 11-0 3:1 1-25 2-8 
30 9.5 1-1 12-5 3-1 2-0 i-7 
60 4-0 0-7 9.5 3.3 3-75 2.8 
90 — — — — 8-25 3.4 
120 — — — — 6.5 4-2 


*Given 0-1 unit insulin, tgiven 2-0 units insulin, 


Table 2 Length, weight, head circumference, bone age, 
and corticosteroid levels 


————————————————— 











Age (years) 
0 0.153 1-667 2-667 
Length (cm) 54 75 94 109 
Weight (kg) 4.55 10-0 18.0 23.0 
Head circumference (cm) 34.5 46-0 49.0 — 
Bone age (years) 0-25 1-6 4 6 
Plasma cortisol (ug/100 ml) 2.8 — 22.8 — 
Urinary 17-ketosteroids 
(mg/24 h) 5.0 1-3 2-1 — 
Urinary 17-OH-steroids 
(mg/24 h) 0-4 1-6 1-6 — 


Conversion: traditional units to SJ—plasma cortisol: 1 ug/100 ml œ 
27-6 nmol/l. 


adolescence. The normal plasma level at age 2 years 
is about 0-6 U/ml. 

Thyroid function and thyroxine levels were 
normal. 


Discussion 


This patient exhibiting the Beckwith-Wiedemann 
syndrome had an advanced bone age and gigantism, 
however basal GH levels were normal, except at 
4 weeks of age. The response of GH to insulin was 
normal at all ages at which it was tested. The normal 
GH level under both stimulated and nonstimulated 
conditions suggests that the GH-hypophyseal 
system was not the aetiological factor for the 
gigantism in this patient. Plasma somatomedin was 
very high at 32 months, despite the normal GH levels, 
and could have been responsible for the excessive 
height and weight. 

The Laron dwarfism is now well documented and 
is characterised by high immunoreactive GH but 
negligible plasma somatomedin activity. It has been 





suggested that there is a defect in the control of 
somatomedin production, rather than a defect in the 
GH molecule.? It would seem that our patient ex- 
hibits the other end of the spectrum as there is normal 
GH but high somatomedin activity. This suggests a 
defect in the control of somatomedin production and 
indicates that circulating somatomedin may control 
somatomedin production by a direct autofeedback 
mechanism, but does not regulate GH production. 

The liver is probably the main site of somatomedin 
production and the visceromegaly associated with 
Beckwith-Wiedemann syndrome often includes a 
large liver. This could be a part of the cause of high 
somatomedin levels; however in some experimental 
conditions of increased liver size (for example, the 
obese-hyperglycaemic syndrome in mice), plasma 
somatomedin activity is not increased.? It is also 
interesting to note that patients with Beckwith- 
Wiedemann syndrome often have adrenal hyper- 
plasia, and the somewhat raised 17-ketosteroid 
levels suggest that this patient may also have adrenal 
hyperplasia. Paradoxically, low somatomedin levels 
have been associated with adrenal hyperplasia in 
Cushing's syndrome when they are thought to be due 
to inhibition of the bioassay by increased levels of 
cortisol. 

The tolbutamide test produced a strong hypo- 
glycaemic response, but this was not accompanied 
by any detectable immunoreactive insulin. It has 
been established? that most of the serum insulin 
activity is nonsuppressible insulin-like activity 
(NSILA). Somatomedin has a strong insulin-like 
activity, and somatomedin activity cannot be 
separated from NSILA during purification. It 
seems that NSILA is one of the family of somato- 
medins, and could be a factor in the hypoglycaemia 
associated with some cases of Beckwith-Wiedemann 
syndrome. However, the present knowledge of 
somatomedin response to tolbutamide is not 
sufficient to explain the decrease in glucose after a 
tolbutamide test, although the high NSILA of 
somatomedin may be implicated. 

It would seem that in this patient the gigantism, 
macroglossia, and visceromegaly may be the result 
of a defect in the control of somatomedin production, 
leading to increased somatomedin levels in the 
plasma. If this patient is typical of patients with 
Beckwith-Wiedemann syndrome, the high somato- 
medin activity may be at least one of the causative 
factors of this condition. 
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SUMMARY Two cases of bilateral neonatal testicular 
torsion are reported and combined with 6 previously 
reported ones. These infants with bilateral testicular 
torsion are compared with neonates with unilateral 
torsion. Both have similar signs and symptoms: (1) a 
swollen bluish-red firm scrotum at birth, and (2) no 
evidence of spontaneous pain. Infants in neither 
group had any systemic symptoms. Immediate in- 
vestigation with reduction is mandatory to prevent 
testicular atrophy. 


ee 


Bilateral neonatal testicular torsion remained 
unrecognised until the reports of Frederick et al. 
and Papadatos and Moutsouris? in 1967. Since then 
4 more cases ?-9 have been reported; yet, the clinical 
presentation has not been defined. The purpose of 
this report is to define the clinical features of 
bilateral neonatal testicular torsion and to correlate 
these findings with those of the more common uni- 
lateral testicular torsion. 


Patients and methods 


14 patients with unilateral testicular torsion were 
identified from the records over 100 years at the 


Hospital for Sick Children, of which 12 were 
sufficiently documented for analysis. The clinical 


Table /00-year review of unilateral neonatal testicular 
torsion. Comparison with 8 cases of bilateral neonatal 
testicular torsion of which 6 are cited from the literature. 

All patients were aged — 28 days. Bilateral torsion, 

under surgical procedures and findings, are recorded 

for each side 


sss 
Unilateral(°%) Bilateral(?) P 


Perinatal 
Median gestation (weeks) 4l(n—-11) Allterm — 
Median weight (kg) 3.60 3-49 — 
(n=12) (n=6) 
Side of involvement 8R:6L 8R:8L — 
Signs and symptoms 
Mass, firm 14/14 8/8 NS 
Discoloration 9/9 8/8 NS 
Blue 6/8 (75) 2/6 (33) NS 
Red 2/8 (25) 4/6 (67) | NS 
Elicited scrotal pain 4/7 (57) 0/6 0-05 
Spontaneous scrotal pain 0/7 0/5 NS 
Apparent abdominal pain 0/6 0/4* NS 
Vomiting 0/8 0/4* NS 


Surgical prodecure and findings 

Exploration alone + unilateral 3/14 (21) 
4 or contralateral 
| orchidopexy10/14 (71) 
1/14 (7) 
7/9 (78) 


7/14 (50) NS 


Orchidectomy 
No operation 
Extravaginal torsion 


7/14 (S0) NS 
0/14 NS 
12/14 (86) NS 


*One patient excluded due to symptomatic Hirschsprung's disease. 
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signs, the operative findings, and the procedures used 
are tabulated (Table). Two new cases of bilateral 
neonatal testicular torsion are summarised and 
tabulated with 6 previously reported cases. Both 
groups are compared as to age, gestation, weight, 
presence of a firm mass, scrotal discoloration, 
vomiting, elicited and spontaneous scrotal pain, 
abdominal pain, and the type of treatment given. 
The y? method of analysis is used to determine 
significance (P —0 05). 


Case 1. A 48-hour-old infant was referred with 
bilateral scrotal swelling, recognised at birth. He was 
the product of an uncomplicated 40-week gestation 
and delivery. Examination was normal except for a 
darkish-red scrotum and bilateral swollen testes. At 
surgery both testes were found to be enlarged, 
bluish-grey in colour, and had rotated extravaginally 
for more than 360?. The torsions were reduced; the 
testes were observed not to be perfused, and thus, 
with reluctance, removed. Necrosis of both testes was 
confirmed on pathological examination. The post- 
operative course was uneventful. 


Case 2. A 4-day-old infant was transferred with 
abdominal distention, bilious vomiting, and bloody 
stools. The scrotum was darkish-red and swollen. 
After stabilisation the infant was examined; blood 
was found in the rectal cul-de-sac and scrotum. Two 
weeks later the cause of the blood in the scrotum and 
cul-de-sac was found when the scrotum sponta- 
neously drained old blood. He had had bilateral 
testicular torsion with egress of blood into the 
peritoneal cavity. Subsequently the infants course 
was uneventful although both testicles are somewhat 
smaller than normal. 


Results and discussion 


Torsion of the neonatal testis was first described by 
Taylor? in 1897. Altogether 24 cases of unilateral 
torsion had been described before the first reports of 
bilateral torsion! and 55 cases were subsequently 
reported.’ The aetiology of testicular torsion remains 
unknown. In the neonate, the torsion is often 
extravaginal; whereas, in the older child, the 
intravaginal or bell-clapper type is seen. It is 
suggested that because of the loose scrotal attachment 
and lack of lateral stabilisation, the testis is able to 
rotate along its longitudinal axis." 

Clinically, neonates with bilateral testicular 
torsion are similar to those with unilateral torsion 
(Table): (1) the scrotum is swollen with a bluish-red 
colouration, (2) the testis is firm without evidence of 
spontaneous pain, (3) there are no systemic 


symptoms, and (4) the infant is of term gestation. At 
surgery, the torsion is usually extravaginal and the 
testes necrotic. 

Immediate scrotal investigation is essential for, in 
an animal model, Leydig cells become totally 
necrotic after 10 hours of vascular occlusidn.'° 
Other causes of testicular swelling in this age group 
are acute hydrocele, haematoma, strangulated 
inguinal hernia, epididymitis or orchitis, testicular 
tumour, and meconium peritonitis with a patent 
processus vaginalis, but all these are rare." 

The data support the thesis that neonatal testicular 
torsion, both unilateral and bilateral, is recognisable. 
The outcome bears a direct relationship to the 
time of testicular strangulation. Although atrophy 
occurred in 9 of 11 testes which were left in situ after 
exploration for bilateral testicular torsion, every 
effort should be made to salvage the testes. There is 
no place for expectant observation. 


We thank Dr J S Simpson, Dr C A Stephens, 
Dr M Barkin, Dr G T Cook (Toronto), and 
Dr R D Jeffs (Baltimore) for the use of their patients 
in review of unilateral testicular torsion, and Dr H 
Schroter for aid in translation. 
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SUMMARY 44 randomly selected infants under age 
one year with suspected lower respiratory infections 
were investigated for the presence of subclinical 
rickets. Seven infants had metaphyseal changes at 
the wrist compatible with a diagnosis of rickets and 
all of these infants had 25-hydroxy-vitamin D 
(25-OHD) concentrations —12 ng/ml. Serum 
calcium and phosphorus concentrations were 
normal in all 44 children. Alkaline phosphatase 
concentrations did not correlate with the presence of 
metaphyseal changes. The clinical presence of 
craniotabes or splaying and loss of definition of the 
anterior ends of the ribs on x-rays did not correlate 
with metaphyseal changes at the wrist or with 
25-OHD concentrations. An x-ray of the wrist is 
essential to confirm the presence of subclinical rickets 
and the at-risk infant can be detected by measuring 
serum 25-OHD concentrations. 


Subclinical vitamin D deficiency rickets is often 
difficult to diagnose.! A raised alkaline phosphatase 
concentration (a frequently used biochemical 
indicator)'* is not necessarily diagnostic.*-4 Radio- 
logical changes are often difficult to detect;? 
nevertheless the criterion used by Richards er al? for 
the diagnosis of minimal active rickets is a loss of 
definition of metaphyseal lines of the radius and 
ulna. More recently, serum 25-hydroxy-vitamin D 
(25-OHD) concentrations were used to assess the 
vitamin D status of a patient.? The present study was 
undertaken to assess the various methods of detecting 
subclinical rickets. 


Methods 


44 randomly selected infants under age one year, 
referred from the outpatient department for chest 
x-rays because of suspected lower respiratory tract 
infections, were studied. X-rays of the chest (antero- 
posterior and lateral views) and of both wrists were 
obtained. Serum calcium, phosphorus, alkaline 
phosphatase, and 25-OHD concentrations? were 
measured in each infant, who was also examined for 
clinical evidence of rickets. Informed consent was 
obtained from the parents of the children before 
the study was undertaken. 


The x-rays of the chest and wrist were assessed by 
one of us (J M DI) for the presence of rickets when the 
study had been completed, without knowing the 
results of the clinical examination or those of the 
biochemical investigations. The anterior ribs were 
assessed for the presence of splaying and cupping,” 
the distal metaphyses of the radius and ulna for loss 
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Fig. 1 Correlation between x-ray changes and 
25-hydroxy-vitamin D concentrations. @ Infants with 
craniotabes. ‘Both’ refers to those infants with both ulna 
and rib changes suggestive of rickets. Conversion: 
traditional units to SI—serum 25-OHD: 1 ng/ml = 
2-5 nmol/l. 
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of metaphyseal definition,® and the scapula for signs 
of rickets.? 


Results 


44 infants (15 girls, 29 boys) were examined during 
a 10-month period between July 1977 and April 1978. 
The mean age was 7-0 + SD 2:8 months. Clinically 
none of the infants had gross signs of rickets, 
although 8 had mild craniotabes. Seven of these 8 
children were less than age 6 months. 

Radiologically (Fig. 1), 7 infants had mild 
metaphyseal changes at the wrist compatible with the 
diagnosis of rickets. Five of these infants also had 
apparent splaying and loss of definition. of the 
anterior ends of the ribs. 15 children had changes 
only at the ends of the ribs, while 22 infants had 
normal chest and wrist x-rays (Fig. 1). Scapular 
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Fig. 2 Seasonal variation in 25-hydroxy-vitamin D 
concentrations. Mean and SD are drawn for each period. 
enfants with ulna alone or ulna and rib changes. 


changes were not found. There was no correlation 
between the presence of craniotabes and abnormal 
x-ray signs (y? = 0-39, P>0-50). Six of the 7 
infants with wrist changes presented during the 
winter and spring months of July to November 
(Fig. 2), but no seasonal variation was noted in the 
prevalence of radiological rib abnormalities. 

Serum calcium and phosphorus concentrations 
were normal in all infants: calcium 9-90 + 0:49 
mg/100 ml (mean + SD) (2:48 + 0-12 mmol/l), 
phosphorus 5:77 + 0:74 mg/100 ml (1-90 + 0:24 
mmol/l). The 7 infants with x-ray changes at 
the wrist had mean serum calcium and phosphorus 
concentrations (9:74 mg/100 ml; 2:44 mmol/l and 
5-59 mg/100 ml; 1:84 mmol/l) which did not differ 
significantly from the means for the whole group. 
Seven of the 44 children had serum alkaline phospha- 
tase concentrations — 300 IU/l, however only two of 
these had wrist changes. 

25-OHD concentrations were noted to have a 
striking seasonal variation (Fig. 2). The mean value 
for the summer and early autumn period December 
to April was 36:2 + 14:3 ng/ml (90:5 + 35-75 
nmol/l) and was more than twice that for the 
winter and spring months July to November, 
14-6 + 9-9 ng/ml (36: 5 + 24-75 nmol/l) (t = 5-72, 
P —0-0005). There was no correlation between 25- 
OHD concentrations and serum calcium (r = 0-03) 
or alkaline phosphatase values (r=0-03). The mean 
25-OHD concentration was significantly lower in 
those children with x-ray changes at the wrist 
(8:4 ng/ml; 21-0 nmol/l), than in either those 
with changes only at the ends of the ribs (28:5 
ng/ml; 71-25 nmol/l (t=4-24, P=<0-0005) or 
those with no x-ray abnormalities (30:6 ng/ml; 
76-5 nmol/l (t=3-18, P <0-0025). All infants 
with wrist changes had serum 25-OHD  con- 
centrations of 12 ng/ml or less. The presence of 
craniotabes did not correlate with the vitamin D 
status of the child, or with radiographical abnor- 
malities. 


Discussion 


Seven of the 44 infants who were examined radio- 
logically had changes at the distal ulna metaphyses 
compatible with the diagnosis of rickets.* It could 
be argued that these changes were not due to rickets 
as biochemically these infants did not differ from 
children with normal x-rays. Other evidence however 
supports the diagnosis of rickets. Firstly, 6 of the 
7 infants were seen in the winter and early spring 
months, when exposure to sunlight is likely to be 
minimal as the temperature is low. Secondly, those 
infants with wrist changes had significantly lower 
25-OHD concentrations than the infants with no 


x-ray abnormalities. Both of these facts are strong 
evidence for the assumption that the x-ray 
changes at the wrist are due to vitamin D 
deficiency. A correlation between metaphyseal 
changes and 25-OHD concentrations has previously 
beeri documented by Goel e: a/.? who also showed 
that the loss of definition at the metaphysis could 
be corrected by treatment with vitamin D. This latter 
finding could not be confirmed in our group of 
patients as we were unable to reassess the infants 
after a period of treatment with vitamin D. 

It is apparent from this study that the estimation 
of serum calcium, phosphorus, and alkaline 
phosphatase concentrations is of little value in the 
diagnosis of subclinical rickets in infants, thus 
confirming earlier  reports.!? Radiographically, 
splaying of the end of the ribs also does not appear to 
be a useful sign, as infants with rib abnormalities 
alone had similar 25-OHD concentrations as those 
with no x-ray changes. The only useful x-ray 
sign is the loss of definition of the ulna meta- 
physis at the wrist? and this correlates well with 
the vitamin D status of the infant as assessed 
by serum 25-OHD concentrations.? Although no 
particular value of 25-OHD concentration can be 
equated with the presence of rickets, a low 25-OHD 
concentration is indicative of vitamin D deficiency 
and thus of the infant at risk from developing 
subclinical and then clinical rickets. 

Of interest is the lack of correlation between the 
presence of craniotabes and any other sign of 
subclinical rickets. Park!” suggested that craniotabes 
is the earliest sign to develop in infantile rickets, 
however he did state that it is not pathognomonic. 
The results of the current study indicate that minor 
radiographical changes occur at the wrist before 
craniotabes develops, and that craniotabes occurs in 
a number of infants with no x-ray evidence of rickets 
and normal serum 25-OHD concentrations. 

In conclusion, therefore, the results of this study 
indicate that the estimation of serum calcium, 
phosphorus, and alkaline phosphatase concentra- 
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tions is of little value in the screening of infants for 
subclinical rickets, and that splaying or cupping of 
the anterior ribs on x-rays of the chest is not 
diagnostic. An x-ray of the wrist is essential to 
confirm the presence of subclinical rickets, while the 
at-risk infant can be detected by measuring serum 
25-OHD concentrations. 


We thank Dr R Drubin, superintendent of the 
Transvaal Memorial Hospital for Children, for 
permission to publish details of these cases, and the 
Medical Research Council of South Africa, and 
the Atomic Energy Board for financial assistance. 
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Real-time sector scanning in the diagnosis of congenital 
heart disease in infants. R W I Cooke. Department of 
Paediatric Cardiology, Sophia Children's Hospital, 
Rotterdam, The Netherlands. 


Growth in height and osseous maturation in response 
to human growth hormone therapy. R D G Milner, 
M A Preece, J M Tanner. Department of Paediatrics, 
University of Sheffield, and Department of Growth 
and Development, Institute of Child Health, 
London. 


Detection of brain damage in newborn infants by 
ultrasound. Rosalind J Thorburn, Karen E Pape, 
A P Lipscomb, R J Blackwell, G Cusick, M T W 
Houang, E O R Reynolds. University College 
Hospital, London. 


Physiological properties of dry artificial surfactant. 
C Morley, B Robertson, B Lachmann, G Grossmann, 
R Nilsson, A Bangham. Department of Paediatrics, 
Addenbrooke’s Hospital, Cambridge, Department 
of Pathology, Karolinska Institute, Stockholm, 
Research Institute for Lung Diseases, Berlin-Buch, 
and Biophysics Unit, ARC Babraham, Cambridge. 


The effect of a dry artificial surfactant (DSA) powder, 
composed of dipalmitoylphosphatidylcholine and 
unsaturated phosphatidylglycerol, on the lung 
mechanics of surfactant-deficient 27-day premature 
rabbits was compared with the effect of a suspension 
of crude natural surfactant (NSA) powder obtained 
by centrifuging mature lung wash fluid. The animals 
were delivered by caesarean section, kept at 37°C, 
stroked continuously and tracheostomised in turn. A 
cannula internal diameter 0:8 mm was tied into the 
trachea. DSA 1:8 + 0:54 mg or NSA 50 ul (phos- 
pholipid content approximately 8 mg/ml) was 
instilled into some animals while others were used as 
controls. Each animal was placed in a separate 
compartment of a multichamber, whole body 
constant pressure, plethysmograph at 379C. They 
were connected in parallel to a pressure-limited 
ventilator with a dead space of < 0:05 ml. They were 
ventilated for one minute at a time, at 35 cmH,O, 
with 10097 oxygen. Then the pressure was decreased 


to 22 cmH.O for one hour. Compliance was 
measured at 30 and 60 minutes. Results show that 
DSA has a beneficial effect on lung thorax compliance 
but is not quite as good as NSA. 


Compliance (ml/kg per cmH30) mean +. SD 


30 minutes 60 minutes 

Controls (n —17) 0-075 + 0-063 
DSA (n=12) 0:27 + 0-38 

NSA (n=10) 0-30 + 0-38 

DSA v. NSA P = NS 

DSA v. controls P < 0-02 

NSA v. controls P < 0-01 


Controls (n —17) 0-082 + 0-087 
DSA (n=12) 0-269 +. 0-372 
NSA (n=9) 0-489 + 0-346 
DSA v. NSA P = 0-05 

DSA v. controls P < 0-02 

NSA v. controls P < 0-01 





Effects of asphyxia on cerebral blood flow and 
oxidative metabolism in the newborn lamb. R M 
Gardiner. Physiological Laboratory, Cambridge. 


In this study, the effects of asphyxia on cerebral 
blood flow and metabolism were investigated in 
15 lambs of mean gestational age 145 + 1 days 
between 3 and 42 days after birth. The animals were 
anaesthetised with sodium pentobarbitone, paralysed 
with gallamine, and maintained on IPPV via a 
tracheostomy. Cerebral blood flow (CBF) was 
measured using a hydrogen clearance technique, 
and cerebral metabolic rate (CMR) quantified 
by simultaneous determination of arteriocerebral 
venous concentration differences. 

Episodes of asphyxia (n = 13) during which mean 
Pao, fell from 61 + 1 to 29 + 1 mmHg, and mean 
Paco, rose from 34 + 1 to 56 + 1 mmHg, were 
associated with a rise in CBF from 52 + 3 to 
96 + 5 ml/100 g per minute, a fall in CMR O, from 
136 + 11 to 80 + 6 umol/100 g per minute, and no 
change in CMR glucose. The glucose-oxygen index 
(6 CMR glucose/CMR O,) increased from 1:2 + 
0:1 to2:23 + 0-3(P «0:01). 

The sensitivity of CBF to alterations in arterial 
Pco, at constant arterial Po, was also examined. 
In the range of Pco, 15-95 mmHg there was a linear 
correlation between CBF and Paco, (r — 0:94, 
P —0-001) with a slope of 1:95 ml/100 g per minute 
mmHg Paco, During normoxia, an increase in 
arterial Pco, equal to that produced during asphyxia 
was associated with an equivalent rise in CBF but no 
significant depression of CMR O,. 
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Blood pressure and cerebral blood flow in the healthy 
neonate. Frances Cowan (introduced by J H Tripp). 
Neonatal Unit, Department of Physiology, London 
Hospital Medical College. 


Simültaneous measurements were made of the BP 
(systolic and diastolic) and the cranial blood flow 
(CBF) in a series of healthy babies using noninvasive 
and nondisturbing techniques.! All studies were 
performed at least 2 hours postprandially and the 
sleep state was noted. An average of BP readings 
taken at one-minute intervals during the CBF 
measurement was calculated and used in the analysis. 

The results show that in a group of 12 babies 
(6in REM and 6 in NREM sleep) there is a significant 
correlation between pulse pressure (PP) and CBF, 
but none between systolic or diastolic pressure and 
CBF. However, when PP is plotted against CBF in a 
group of infants all in the same sleep state this 
apparent relationship is no longer demonstrable. 
This is true for REM or NREM sleep. PP 
and CBF readings are lower in NREM than REM 
sleep but the ratio CBF/PP does not remain the same 
for a particular child when he changes sleep state. 

It therefore seems that the healthy newborn can 
control his CBF independently of his BP and any 
apparent relationship between the two is heavily 
influenced by the sleep state of the child. 
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Cell size and cell number: a reconsideration of organ 
growth and catch-up potential. J Dobbing, Jean Sands, 
Charmaine A Gratrix. Department of Child Health, 
University of Manchester Medical School. 


Tissues and organs have been said to pass through 
three phases of growth and development.! The first 
mainly consists of cell multiplication (hyperplasia), 
the last phase of growth in cell size (hypertrophy), 
and during the middle phase the cessation of cell 
multiplication overlaps with the beginning of growth 
in cell size. Cell number and size in this context were 
measurea indirectly by total organ DNA ; and weight 
or protein content per unit of DNA respectively. It 
was suggested” that nutritional growth restriction 
during the first phase, but not during the last, is 
followed by a resistance to ‘catch-up’ on rehabilita- 
tion. 

We re-examined this premise in the liver, heart, 
kidney, and gastrocnemius of 392 developing rats, 
ranging in age from 18 days of gestation to 112 days 
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of postnatal life, and found that the sequence is very 
different from that which was described. Cell 
multiplication, instead of ceasing early with an adult 
number of cells, continues throughout the entire 
period of growth in organ weight. Growth in mean 
cell size begins in the early stages of the period, not 
later, and is complete long before the end of cell 
multiplication or growth in organ weight. 

It is therefore difficult to accept the earlier 
hypothesis regarding catch-up growth. 
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Enteroendocrine response of coeliac children to 
gluten challenge. J F T Glasgow, D C Carson, 
C Shaw, J M Sloan, K D Buchanan. Department of 
Child Health, Department of Medicine, and 
Department of Pathology, The Queen's University of 
Belfast. 


11 coeliac children, mean age 6:7 (3:6-11-7) years, 
who initially had had flat jejunal mucosas at least 
2 years before and a good response to gluten 
withdrawal, were challenged with gluten powder 
(25 g daily for those >6 years of age, 15 g if <6). 
Plasma N-terminal glucagon-like immunoreactivity 
(N-GLD, vasoactive intestinal polypeptide (VIP), 
insulin and glucose were measured fasting, and after 
a glucose load (1-75 mg/kg), at 45 and 120 minutes, 
both before gluten challenge when mucosal histology 
was normal, and afterwards when it was abnormal as 
judged by significant deterioration in morphometric 
indices (P —0-005). Also before and after challenge, 
counts were made of gut endocrine cells within 
jejunal biopsies— VIP, gastrin, and gastric inhibitory 
polypeptide (GIP)—using immunohistochemistry. 

After gluten challenge there was a highly significant 
increase (paired ¢ test) in plasma N-GLI when 
fasting (P<0-025), and after glucose at 45 
(P—0-005), and 120 minutes (P<0-005). The 
presence of symptoms, which occurred in 6 of the 11, 
did not significantly influence the size of this increase. 
Significantly lower after gluten challenge were the 
one-hour p-xylose, fasting cholesterol, and glucose 
levels (in each P —0-05), although the 45- and 120- 
minute values for glucose and all those for insulin 
and VIP were virtually the same before and after 
challenge. Per unit area of jejunal mucosa there was a 
significant increase in VIP staining endocrine cells 
(P —0-05,) but not in gastrin or GIP cells. 
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Gut hormonal changes (humoral and cellular) are 
implicated relatively early during relapse in coeliac 
disease. The high fasting N-GLI values in relapse 
may have a role in clinical diagnosis and 
management. 


Studies on the pathogenesis of faecal bile salt loss in 
cystic fibrosis. Anne Kilby, D P R Muller, J T 
Harries. Institute of Child Health, London. 


In children with untreated cystic fibrosis (CF) the 
faecal excretion of bile salts is markedly increased, to 
a degree similar to that found in children with ileal 
resection, but the pathogenesis of this abnormality 
has not been defined. We investigated the effect of 
dietary and naturally occurring intraluminal com- 
pounds on the absorption of taurocholate (TC) in 
the distal ileum, using the rat as an experimental 
model. 

The absorption of TC was studied by using an 
in vivo steady state perfusion technique to determine 
simultaneously the luminal disappearance and 
biliary appearance of TC, which correlated closely. 

I mmol/l TC absorption was inhibited Dy 2% 
albumin (P —0-001) and by 3 mm2ol/l lysolecithin 
(P —0-001), the inhibitory effects were additive. 
Long and medium chain triglycerides (10 and 20 
mmol/l) and 3 mmol/l lecithin had no significant 
effect on the absorption of 0-5 and 1 mmol/l TC. 

These data suggest that lysolecithin and unhydro- 
lysed dietary protein have an additive effect in 
inhibiting the active ileal reabsorption of bile salts 
and could provide an explanation for the increased 
faecal excretion of bile salts in CF. Moreover, these 
results do not support the hypothesis that unhydro- 
lysed triglyceride or lecithin inhibits the ileal re- 
absorption of bile salts in CF. 


Electronic skinfold measurement. G P Wyatt, 
V Miller, T Brown. Booth Hall Hospital, Blackley, 
Manchester, and Department of Medical Biophysics, 
Manchester University. 


Skinfold calipers are used extensively in the assess- 
ment of body fat in babies and children. They 
provide information about malnourished children 
individually in hospital and collectively in the 
community. 

Calipers are not easy to use by the standard 
technique, but remain one of the few tools of the 
clinical nutritionist outside the laboratory. 

Because it is difficult to read skinfold thickness in 
burnt children who are receiving large volumes of 
milk, we examined a normal population of children 
to measure the decline with time of the skinfold 
measurement at triceps and subscapular sites. 


30 triceps and 29 subscapular sites were measured 
with electronically adapted Holtain calipers, in the 
manner described by Tanner and Whitehouse. 
Because the operator was well practised he was able 
to identify a point of early contact by visual inspec- 
tion of the dial. 


Visual results 
: 
% Of decline Time of decline 
— re 
7-62 + 90% by 5 seconds 
5-9 + 96 5 by 4 seconds 


Triceps 
Subscapular 


Electronic results 


———————————————— 


% Of decline Time for decline 








Triceps 
Subscapular 


16-68 + 8-04 
23-48 + 12-78 


5 seconds 
4 seconds 


Electronic results showed a greater decline than 
visual ones because of rapid changes of compression 
over short periods of time. The ° decline was a 
measure of the compressibility of the skinfold. 

A common physical sign in clinical medicine is 
pitting oedema, achieved by compression of the 
subcutaneous tissues by the thumb. Electronic 
skinfold calipers may refine the clinical measurement 
as well as comment on the compressed skinfold. We 
measured 18 elipses of skin with subcutaneous 
tissue and found a mean water content of 
27:28 + 7-79 5/7. We speculate that if the relatively 
uncompressed skinfold was measured as well as the 
compressed skinfold, comment on more than the 
skinfold fat could be made. 


Effect of baclofen on the gait of children with 
hemiplegia. A M B Minford, J K Brown, R A Minns. 
P Fraser, L Hollway, N Gibb, L Campbell, I 
Neijerink. Royal Hospital for Sick Children, 
Edinburgh, and Scottish Council for Spastics. 


This paper reports the effect of baclofen on gait 
patterns of 15 hemiplegic children aged 4-15 years. 
Gait was assessed by polarised light goniometry 
which enables measurement of hip and knee flexion 
at different phases of the gait cycle to be made. After 
initial clinical and goniometric assessment, baclofen 
5-10 mg/day was started and increased over 4-6 
weeks to a maintenance dose of 1-1-5 mg/kg per 
day. Assessments were made weekly throughout. 
Baclofen caused a statistically significant decrease 
in hip and knee flexion at the ‘toe-off’ phase of the 
gait cycle in both legs but not at other phases of the 
cycle. Of 9 children with the greatest improvements 
in goniometric tracings, 5 showed obvious clinical 


improvements, 2 slight improvements; in one there 
was no change, and in one gait had deteriorated. Of 
6 children with slight or no change goniometrically, 
4 showed no change clinically, one slight clinical 
improvement, and one a deterioration clinically. 
Children with significant shortening of the affected 
leg did not benefit. Side effects were transient 
sedation (7 children), difficulty with concentration 
(1 child), behaviour disturbance (1 child), and 
nocturnal enuresis (3 children). 


Conclusions. (1) Polarised light goniometry is a 
rapid and satisfactory method of assessing change in 
gait. (2) Although baclofen causes functional 
improvement in some hemiplegic children its use 
should be carefully supervised as there can be side 
effects and gait can deteriorate. 


Investigation of a child with narcolepsy. Andrew 
Evans. St George's Hospital Medical School, 
London. 


Narcolepsy is a disorder of unknown cause com- 
prising excessive daytime sleep attacks. There is 
usually nocturnal sleep disturbance, and it may be 
associated with cataplexy, hypnagogic hallucinations, 
and sleep paralysis. Early onset REM sleep is a 
pathognomonic feature of the condition. An 8-year- 
old girl presented with narcolepsy. She was investi- 
gated by polygraphic recording of EEG, EOG, and 
EMG, and simultaneous hourly blood sampling for 
24 hours. The samples were assayed for GH, FSH, 
TSH, cortisol, cyclic-AMP, melatonin, and 
5-methoxytryptophol. The results showed massive 
GH production with 4 nocturnal peaks greater than 
120 mU/I and fasting levels of 109 and 121 mU/I. 
Pineal function showed an inversion of the usual 
circadian rhythm. Measurement of urine output 
showed a very large bladder capacity which may be 
an adaptive response. 


A new look at loperamide. Bhupinder Sandhu, 
J H Tripp, J T Harries. Institute of Child Health, 
and The Hospital for Sick Children, London. 


Loperamide (Imodium) is an opiate-like compound 
which is now widely used in the treatment of 
diarrhoea. It is known to reduce intestinal motility. 
Prostaglandins induce small intestinal secretion of 
fluid and electrolytes and have been implicated in the 
pathogenesis of certain diarrhoeal states. This study 
was prompted by the hypothesis that the therapeutic 
effects of loperamide were related not only to its 
effect on motility, but also to an effect on small 
intestinal absorption. 

The effect of loperamide on intestinal transport 


Paediatric Research Society 161 


during absorption and during prostaglandin- (PGE,) 
induced secretion has been studied using an in vivo, 
steady-state perfusion technique in rat jejunum. 

Loperamide treatment resulted in increased 
absorption of fluid (P —0:05), sodium (P <0-05), 
and glucose (P —0-05) from a glucose electrolyte 
perfusate. PGE, induced secretion of fluid and 
electrolyte (P | —0-001) and inhibited glucose 
absorption (P <0-001). Loperamide treatment 
reversed this secretion of fluid (P <0-001) and 
electrolytes (P —0-01) to absorption and enhanced 
glucose absorption. 

These results indicate that loperamide is an 
antisecretory agent, and provide an additional 
dimension to explain its beneficial effect in diarrhoea. 


Circulating immune complexes in children with 
fulminant hepatic failure and renal failure. V F 
Larcher, D Vergani, A P Mowat. Department of 
Immunology and Child Health, King's College 
Hospital, London. 


Renal failure of unknown cause is a common and 
usually fatal complication of fulminant hepatic 
failure (FHF). Since immune complexes have been 
found in serum and glomeruli in patients with liver 
disease, we tested for circulating immune complexes 
(CIC) in 14 children with FHF, 7 of whom developed 
renal failure, by Clq binding and Raji cell techniques. 
Sera from 4 children surviving FHF and 20 age- 
matched controls were also examined. 

Significantly high levels of Clq binding CIC were 
detected in 10 of 14 children with FHF and one of 4 
survivors, compared with controls. For IgG com- 
plexes, detected by Raji cell technique, the respective 
figures were 8 out of 14 and 0 out of 4, and for IgA 
2 out of 14 and 0 out of 4, and for IgM 12 out of 14 
and one out of 4. 

Clq binding CIC were found in all 7 children with 
renal failure, IgG complexes in 6 out of 7, IgA in 
one out of 7, and IgM in 7 out of 7. 

As complement affects the clearance of CIC we 
measured functional activity of complement com- 
ponents in these children. All 14 in FHF had 
significant defects in factors B,D, C3, 4, 5 and total 
alternative pathway activity, indicating a possible 
relationship with the high levels of CIC . 

CIC in children with FHF are found more 
commonly in those with renal failure, suggesting a 
possible role in pathogenesis. 


Antirespiratory syncytial virus activity in human 
colostrum and milk. G L Toms, C R Pullan, P S 
Gardner, M Scott, R Scott. Department of Virology, 
University of Newcastle upon Tyne. 


Breast feeding has been implicated as a major factor 
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in protection of infants against respiratory syncytial 
(RS) virus bronchiolitis. The mechanism of pro- 
tection however, remains obscure. In this study we 
examined the immunological reactivity of humoral 
and cellular components in colostrum and milk col- 
lected throughout lactation from healthy primipara. 

All mothers tested secreted virus neutralising 
inhibitors in colostrum correlating with high levels of 
specific antiviral IgA. Only 4 of 16 mothers continued 
to secrete antibody in their milk during the period 
that their infants were most vulnerable to RS virus 
infection, 2 to 6 months postpartum. Low titres of 
virus neutralising inhibitors were detected in milk 
samples from all mothers, probably representing a 
nonimmunoglobulin inhibitor 

Lymphocyte transformation assays were per- 
formed on cells collected from colostrum, on cord 
blocd, and maternal blood. Of 17 colostral samples 
which produced a significant proliferative response 
to PHA only 5 reacted significantly to RS virus 
antigen. Specific RS virus reactivity in colostral 
lymphocytes did not correlate with reactivity in 
maternal or cord blood lymphocytes. 

Thus, although there was evidence that most 
mothers had experienced RS virus, in less than 
one-third was substantial immune reactivity detected 
in colostrum and milk. 


Comparison of the radioallergosorbent test with 
skin and provocation tests and the clinical history in 
asthmatic children. R C McWilliam, T H MacDonald. 
Department of Child Health, Royal Hospital for 
Sick Children, and Stobhill Hospital, Glasgow. 


A comparison of the radioallergosorbent test 
(RAST), skin test, nasal provocation test, and the 
allergen exposure history was made in 39 asthmatic 
children using a panel of 8 allergens: house dust mite, 
cat fur, dog dander, Aspergillus fumigatus, 
Cladosporium herbarum, Mucor racemosus, grass 
pollen, Betula verrucosa. Skin tests were performed 
by the scratch technique using undiluted extracts, 
and nasal provocation tests were performed using 
one drop of undiluted extract on the septal mucosa 
of one nostril (the other nostril acting as a control). 
The history was recorded. 

The overall agreements obtained were: RAST/skin 
test 80%; RAST/nasal test 74%; RAST/history 
81%; skin test/nasal test 82%; skin test/history 
81 %; nasal test/history 81 %; 

It is concluded that the RAST is as reliable as a 
test for allergen identification as are skin testing and 
nasal provocation testing. 


Articular deformities in association with congenital 
nephrotic syndrome. G Morgan, R J Postlethwaite, 


J M Savage, I B Houston. Royal Manchester 
Children’s Hospital. 


Finnish type congenital nephrotic syndrome is 
associated with certain morphological characteristics 
(large placenta, low birthweight, small low bridged 
nose, widely open anterior and posterior fontanelle, 
increased separation of skull sutures, calcaneovalgus 
deformities). There are other histological types of 
congenital nephrotic syndrome, the most common 
being diffuse mesangial sclerosis. During the last 
4 years we have seen 6 cases of congenital nephrotic 
syndrome all of which showed the characteristic 
morphological features, irrespective of histological 
type. In addition other articular deformities were 
commonly present affecting predominantly the 
upper and lower limbs. 

The morphological features are not, therefore, 
confined to the Finnish type of congenital nephrotic 
syndrome but are a consequence of being nephrotic 
in utero. These characteristic features should enable 
an early diagnosis to be made if the presence of 
oedema, proteinuria, and hypoalbuminuria are 
sought. 


Controlled trial of cromoglycate and slow-release 
aminophylline in perennial asthma in childhood. 
A T Edmunds, F Carswell, Pat Robinson, A O 
Hughes. Bristol Royal Hospital for Sick Children. 


In a randomised double-blind crossover trial 30 
children with perennial asthma received slow-release 
aminophylline (Phyllocontin), cromoglycate (Intal), 
and placebo for periods of one month each. Before 
the trial began the therapeutic dose of slow-release 
aminophylline was individually adjusted and each 
patient was taught how to use a spinhaler. Control of 
asthma was assessed by comparing daily records of 
symptom scores, morning and evening peak 
expiratory flow (PEF), and use of salbutamol for 
treatment of intermittent symptoms. 

During treatment both with slow-release 
aminophylline and cromoglycate, symptom scores 
were lower, use of salbutamol was less, and PEF was 
significantly greater than during the placebo month. 
Severe attacks requiring treatment with prednisolone 
at home or admission to hospital were also signifi- 
cantly fewer during active treatment. Symptom 
scores were significantly lower during the cromo- 
glycate period than during the slow-release amino- 
phylline period, but no difference between the two 
treatments was shown by the other measurements. 
There were few side effects with either treatment and 
80% of patients preferred taking slow-release 
aminophylline. 

Both drugs provided effective prophylaxis for 
perennial asthma in children. 


Archives of Disease in Childhood, 1980, 55, 163-167 


Correspondence 


A suggested child-health clinic form 


Sir, 

I read with interest the paper by Professor Illingworth 
(Archives, 1979, 54, 626). The format is clear and concise, 
and the columns for ‘normal’, ‘doubtful’, ‘abnormal’, and 
"why the finding may be abnormal' are practical and 
serve to emphasise the author's oft repeated warning of 
the fallacies of a figure for an overall score. The list of risk 
factors, similar to that used in an earlier record card 
designed by a subcommittee of the BPA and the (then) 
Society of Medical Officers of Health, has proved 
invaluable. 


My main points of criticism are: 


(1) The omission of tests for distant and near vision in 
infants from 6 months. Two of the important questions 
asked of developmental assessment are, ‘Can he hear?’ 
and ‘Can he see?’. Child health doctors have become 
increasingly aware of the need to attempt to answer the 
former but still require guidance to learn to use Stycar 
tests of vision, admirably designed by Mary Sheridan. 
The visual experience of young children plays an important 
part in early learning. Poor visual acuity is not necessarily 
associated with nystagmus, opacity, or persistent squint 
and may be missed unless tests for vision are done 
routinely. 


(2) The development of prelanguage and early language 
skills is of special importance from 9 months. By 2 years 
the child's personality is becoming more integrated and 
any unevenness between performance and language 
skills may be significant. A simple heading ‘Speech’ is 
inadequate in this context. The whole cognitive develop- 
ment of the child is closely bound up with the ability to 
communicate in spoken language. There are many reasons 
why a child may ultimately fail to develop expressive 
speech. The child health doctor must learn to think of 
language development in terms of comprehension, 
symbolisation, and expressive speech if effective inter- 
vention programmes are to be introduced early. 


(3) The subheading ‘Developmental examination only 
if necessary’, from 2 years, is difficult to interpret and 
appears contrary to the aim for periodical developmental 
assessment of all young children. 

There is little doubt that a well-designed record form 
can offer helpful guidance and contribute to a rise in the 
standard of the service itself. Professor Illingworth has 
offered a design which goes some way towards this 


^ Objective. 


Dorotuy F EGAN 
Newcomen Clinic, 

Guy's Hospital, 
St Thomas Street, 
London SEI 9RT 
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Professor Illingworth comments: 


I am pleased to have Dr Egan’s observations. The 
omission of tests for distant and near vision in infants was 
deliberate. I should like to know what is to be gained by 
the tests recommended by Dr Egan when there is no 
squint, opacity, or nystagmus, and when it is clear from 
watching the child reach out and grasp small objects that 
there is no significant treatable visual defect. 

Regarding the heading 'Speech', I should like to see a 
clear statement of the ‘effective intervention programmes’ 
advised by Dr Egan for a child, starting to speak later 
than usual and who has been properly tested for a hearing 
defect, with the evidence for the effectiveness of that 
programme. 

I agree that the words ‘developmental examination only 
if necessary' should be changed. 

I should emphasise that in a busy clinic (like mine 
where, single-handed, I see at least 40 babies in an 
afternoon session) one must be sensible and perform only 
the tests which are useful and important. If the routine 
rapid screening reveals some doubt about normality, 
detailed examination of visual or other functions is 
essential and then one may have to devote an hour or more 
to a single child. 

Dr Irene Chesham has pointed out a significant 
omission on the suggested chart ; a test for phenylketonuria 
should have been included. 

The form was intended to be for consideration, and 
I shall be grateful for all constructive criticism. 


R S ILLINGWORTH 
Children's Hospital, 
Western Bank, 
Sheffield S10 2TH 


Wilson's disease, chronic copper 
poisoning, or Indian childhood 
cirrhosis ? 


Sir, 
In 1973, the case was described of an Australian boy who 
presented at age 14 months with abdominal distension.! 
He was found to have a micronodular cirrhosis, renal 
tubular aminoaciduria, and anaemia. He became 
jaundiced and died 6 weeks later. Histological examination 
of the liver showed continuing parenchymal destruction, 
no regeneration, cytoplasmic hyaline changes, and copper 
storage. The necropsy hepatic copper concentration 
exceeded 3000 ug/g dry weight; 47 umol/g (normal range 
15-55 ug/g; 0-24-0- 87 umol/g). 

Had this been a Hindu child living in India, his clinical 
features would have been regarded as typical of Indian 
childhood cirrhosis (ICC), in which condition hepatic 
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copper is also grossly raised.? We were able to re-examine 
the necropsy histology of this child. and found it indis- 
tinguishable from the changes seen in ICC.? 

The boy's copper toxicosis was attributed to the 
ingestion of water which had a high copper concentration. 
Although the family's well water contained little copper, 
it had a pH of 3-8-4-8, and dissolved copper from the 
domestic plumbing. Three explanations may be offered for 
the fact that his parents and his 4-year-old brother were 
unaffected. Firstly, he may also have had Wilson's disease, 
as suggested by a plasma caeruloplasmin concentration of 
150 mg/l, although this may not be significant in the 
presence of a serum albumin concentration of 21 g/l. 
Plasma caeruloplasmin concentration is normal in 
patients with ICC.* Secondly, since the neonate has 
a modestly increased hepatic copper content, there 
may be greater susceptibility to copper toxicosis in 
infancy. Thirdly, he had been fed on cows’ milk diluted 
with water, and it is known that the availability for 
absorption of copper in milk is greater than in other 
foods.^ 

This case report therefore shows that a disease state 
strikingly similar to ICC may be produced by excessive 
copper ingestion, but leaves unresolved the question—Can 
this occur in normal infants or only in those genetically 
predisposed ? 


We thank Dr Pat Bale, Royal Alexandra Hospital for 
Children, Camperdown, New South Wales, for providing 
the necropsy specimens. 
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Pneumopericardium in a neonate not 
artificially ventilated 


Sir, 

Because the incidence of pneumopericardium in neonates 
has been increasingly reported since the advent of 
positive pressure-assisted ventilation in the treatment of 
hyaline membrane disease, we report a case of pneumo- 
pericardium in a neonate in the absence of any form of 
assisted ventilation. 

A 1766-g baby boy was the first of twins born to a 
24-year-old gravida 3, para 2 female whose pregnancy was 
complicated by spotting and a urinary tract infection in 
the first trimester. The infant was delivered vaginally 
without difficulty. The Apgar scores were 7 at one minute 
and 7 at five minutes. On admission to a nursery at 
another hospital, the infant appeared to be cyanotic and 
plethoric and had grunting respirations. He was given 
oxygen by hood to relieve cyanosis. Haemocrit was 80°%, 
assumed to be high on the basis of feto-fetal transfusion. 
He was phlebotomised 15 ml and this volume was replaced 
with Plasmanate (Cutter Laboratories) resulting in a 
haemocrit of 69%. He was then transferred to the 
Children's Mercy Hospital where the initial examination 
showed a plethoric infant of about 35 weeks’ gestation. 
He was in mild respiratory distress with audible grunting 
and intercostal retraction. The initial chest x-ray at age 
8 hours showed a fine reticulogranular pattern in both 
lungs with slight diffuse atelectasis (Fig. 1). Arterial 
blood-gases and pH on 40% oxygen by hood were 
pH 7-28, Pco» 48 mmHg (6-4 kPa), and Pos 90 mmHg 





Chest x-ray at 8 hours showing fine recticulo- 
granular pattern of diffuse atelectasis. 


Fig. 1 


(11-9 kPa). At 32 hours a repeat chest x-ray showed more 
diffuse lung disease with absence of interstitial emphysema. 
At 41 hours the infant began to cry, became deeply 
cyanotic, and remained so on 100% oxygen. Heart rate 
and respiratory rate increased from 140 to 160 beats/min 
and from 60/80 breaths per min. Breath sounds were 
clear and equal bilaterally and the peripheral pulses were 
absent. A chest x-ray showed a large pneumopericardium 
without pneumothorax or pneumomediastinum (Fig. 2). 
A No. 22 Jelco (Jelco Laboratories, Raritan, NJ) catheter 
was placed in the pericardial sac and approximately 
5 cm air aspirated. The infant responded quickly with 
improvement of colour, return of pulses, and a decrease in 
heart and respiratory rates. The catheter was connected to 
a water seal and intermittent aspiration was required to 
maintain patency. Within 2 hours the infant again 
deteriorated secondary to a massive right pneumothorax 
which responded to placement of a chest-tube. The 
pericardial catheter was removed after 48 hours without 
recurrence of the pneumopericardium. The infant was 
breathing room air by day 6 and, after removal of his 
chest tube, had no further problems. 

There has been only one other case report! of a 
pneumopericardium in infancy in the absence of resuscita- 
tive procedures or assisted ventilation. Our patient had a 
fairly typical clinical presentation with hypotension, 
absent pulse pressure, increased respiratory distress, and 
cyanosis. His tachycardia was an unusual finding, 
bradycardia being more commonly described. Intense 
cyanosis and agitation with hypotension, poor peripheral 
perfusion, muffled heart tones, and normal breath sounds 
are the key elements of clinical diagnosis in pneumo- 
pericardium alone, but some infants are asymptomatic 





Fig. 2 Chest x-ray showing large pneumopericardium 
without pneumothorax or pneumomediastinum. 
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and the diagnosis is made incidentally on routine 
roentgenological examination. Infants without evidence 
of cardiac tamponade may be managed conservatively but 
in those who deteriorate rapidly, pericardiocentesis is 
imperative. 
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Perinatal listeriosis 


Sir, 

We agree with Robertson et al. (Archives, 1979, 54, 549) 
that perinatal listeriosis may be under reported (or even 
underdiagnosed) in Britain. This belief is supported by 
2 further cases which must have occurred at about the 
Same time in an adjacent health district to that of 
Robertson et al. 


Case 1 


A 29-year-old music teacher had a severe cough in late 
pregnancy. Two weeks later in the 37th week of pregnancy 
she went into spontaneous labour, which was accompanied 
by fever and generalised aches. Liquor stained with 
meconium was drained and emergency caesarean section 
resulted in the birth of a baby girl weighing 3-49 kg. Her 
Apgar score was only 4 at one minute. She had increasing 
respiratory difficulty, unresponsive to treatment of 
hypoglycaemia. X-ray of chest showed diffuse coarse 
mottling, and Listeria monocytogenes was cultured from 
the infant’s blood, eye swab, umbilicus, and nose, as well 
as from the mother’s vaginal swab. CSF was sterile on 
culture, but two bacteria were seen on microscopical 
examination. IV chloramphenicol (50 mg/kg per day) and 
ampicillin (400 mg/kg per day) were given for 2 weeks. For 
several days she had diarrhoea, abdominal distension, 
enlarged liver, irritability, and fits, with intractable 
hypocalcaemia, although slowly her condition improved. 
Now at almost one year she is developmentally and 
physically normal. Three months before this child's birth 
the family cat had been ill with cat flu treated with 
chloramphenicol. Feline stool culture at the time of the 
child's illness failed to isolate Listeria. 


Case 2 


After an uneventful term pregnancy a Pakistani woman 
underwent elective caesarean section to be delivered of a 
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healthy baby boy weighing 3-54 kg. The mother developed 
a productive cough 4 days later, and on day 9 the 
infant became irritable and febrile. Two days later the 
CSF contained 3-5 x 10*/] WBC and 125 x 105/] RBC, 
protein 3-15 g/l, and glucose 0-7 mmol/1(12-6mg/100 ml). 
L. monocytogenes was grown from his CSF and blood. It 
was not grown from the mother's vagina, but she had just 
received co-trimoxazole. He was treated with IV ampicillin 
and chloramphenicol, and later with oral amoxycillin for a 
total of 4 weeks, with apparent complete recovery. 

Although widespread in animals and reported in 
epidemics,'^* the epidemiology of listeriosis remains 
obscure and most cases are sporadic. Regardless of the 
German origin of one of Robertson's cases, the close 
proximity of our two sets of cases of this rare condition 
does raise the possibility of a connection between them, 
and therefore we plea that there should be greater aware- 
ness and reporting of this disease. 

A Swedish report? suggests that the late meningitic form 
may be acquired from congenitally infected babies in the 
newborn nursery, which would be in keeping with the 
sequence in which our own two babies became ill. 

Despite the susceptibility of this organism to a wide 
range of antibiotics on in vitro testing, high-dose ampicillin 
seems to be the drug of choice, * although it might be 
wise to use this with chloramphenicol rather than with 
gentamicin, if there is any likelihood of meningitis. Our 
two critically ill babies responded well to treatment. 
Although it has been previously pointed out by New 
Zealand workers,? it does not seem to be widely appre- 
ciated that if such patients are adequately treated there is 
likely to be complete recovery. 
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Normal children with large heads 


Sir, 
I should like to draw the attention of Day and Schutt 
(Archives, 1979, 54, 512) to the Cronqvist index.'-? This 


relates the size of the cranial vault to a dimension of the 
face and appears to distinguish megalencephaly due to 
hydrocephalus from a normal, large skull. It would be 
valuable if Day and Schutt could measure this index in 
their cases and confirm its value. 
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Technique for facilitating tendon 
reflexes in children 


Sir, 

Tendon reflexes, such as the patellar, are often difficult to 
elicit. The best known manoeuvre for facilitating tendon 
reflexes is Jendrassik’s, and consists of pulling the 
interlocked hands apart. As this needs the patient's 
collaboration, it is rarely applicable in children. I have 
observed that during or immediately after throat inspec- 
tion the knee reflex is elicited without difficulty. If a 
tongue-depressor is introduced until the child gags (the 
mother can do this) the patellar reflexes become easy to 
elicit. 

I have been unable to find reference to this simple 
manoeuvre and would like to know if anyone else has 
applied it. 

EUGENIO VARCASIA 
Department of Paediatrics, 
General Hospital, 

04100 Latina, Italv 


Systemic blood pressure and 
intraventricular haemorrhage in the 
newborn 


Sir, 
I read with great interest the report by Fujimura ef al. 
(Archives, 1979, 54, 409). I was surprised that they state 
that the relationship between systemic blood pressure and 
cranial blood flow in the neonate is not known. Using 
venous occlusion plethysmography.'^? I have shown that 
healthy term babies display autonomy of their cranial 
flow.? 

However, in the context of sick babies, the work of 
Lou et al.* is more interesting; they demonstrated that in 
acidotic and asphyxiated babies the cerebral flow is 


dependent on systemic blood pressure. It is this possible 
link between blood pressure and cerebral bleeds that 
makes the work of Fujimura eż al. of such interest. 


References 


Cross K W, Dear P R F, Warner Ruth M, Watling G B. 
An attempt to measure cerebral blood flow in the newborn 
infant. J Physiol (Lond) 1976; 260: 42-3P. 

Cross K W, Dear P R F, Hathorn M K S, et al. An 
estimation of intratracranial blood flow in the newborn 
infant. J Physiol (Lond) 1979; 289: 329-45. 

Rahilly P M. The responses of cranial blood flow in the 
newborn infant to some common stimuli. MD thesis, 
London University, 1979: 82-9. 

Lou H C, Lassen N A, Friis-Hansen B. Low cerebral blood 
flow in hypotensive perinatal distress. Acta Neurol Scand 
1977; 65: 343-52. 


— 


te 


(= 


-— 


P M RAHILLY 

Department of Medicine, 

Royal Alexandra Hospital for Children, 
Pyrmont Bridge Road, 

Camperdown, 

NSW 2050, 

Australia 


Giant exomphalos—conservative or 
operative treatment? 


Sir, 

I would like to comment on the successful use of conserva- 
tive treatment of giant exomphalos by Gough and 
Auldist (Archives, 1979, 54, 441). Their 6 patients on 
conservative treatment had the intact sac painted daily 
with 2% aqueous mercurochrome. Two of these patients 
had complications of mercury intoxication, one with 
failure to thrive at age 8 weeks and one who became 
mentally retarded with microcephaly. The risk of mercury 
poisoning in conservative treatment of giant exomphalos 
can be avoided by using 1% aqueous gentian violet. I 
successfully treated 6 infants with exomphalos measuring 


Correspondence 167 
more than 5 cm in diameter in Singapore between 1969 
and 1972. Three had the intact sac painted with 1% 
aqueous gentian violet and 3 with 2% aqueous mecuro- 
chrome. All survived and none developed complications 
during the 2 years that they were followed up. The infants 
treated with 1% gentian violet paint responded with 
epithelialisation and healing of the abdominal defect with- 
in 12 weeks while those treated with mercurochrome did 
not heal until 20 weeks. The only disadvantage of using 
gentian violet was that it stained the linen. 

All my patients required secondary surgery to the 
ventral hernia which replaced the exomphalos. 


M C K CHAN 

Department of Tropical Paediatrics, 
Liverpool School of Tropical Medicine, 
Pembroke Place, Liverpool L3 5Q A 


Mr Gough comments: 


I agree that mercury intoxication remains a significant 
risk when mercurochrome applications are used daily in 
the management of large omphaloceles. However, one of 
our patients had 3 exchange transfusions for hyper- 
bilirubinaemia and it is difficult to know what part this 
played in his subsequent poor progress. The second case 
illustrated in the article has developed normally despite 
high urine mercury excretion when aged 8 weeks, and 
thus the risks may have been overstated. 

I have recently treated a patient with gentian violet 
applications, as Dr Chan describes, and can confirm the 
favourable progress which he noted, and his letter gives 
further support to the concept that conservative treatment 
is both effective and safe. 


D CS GouGH FRCS 

Royal Manchester Children’s Hospital, 
Pendlebury, 

Manchester M27 1HA 


^ . 


` 
Archives of Disease in Childhood, 1980, 55, 168 


Book reviews 


Emergency Radiology of the Acutely Ill 
or Injured Child. By Leonard E Swischuk. 
(Pp. 496; illustrated + tables. $49.50 
hardback.) Williams and Wilkins: 
Baltimore. 1979. 


The author of this book is a radiologist 
who believes that, ‘to best benefit the 
patient, one should treat the roentgeno- 
gram as an extension of the physical 
examination’. Accordingly, the main 
emphasis is on the evaluation of x-rays 
obtained of children suffering from acute 
conditions, commonly seen in the emer- 
gency department or outpatient clinic. 
There are separate chapters on the chest, 
upper airways, abdomen, extremities, the 
head, and the spine. The whole provides a 
catalogue of disease with illustrative 
x-rays. There are plenty of up-to-date 
references. Most conditions which are 
mentioned, and certainly all that are 
important, are illustrated by x-rays which 
mainly are well chosen and well repro- 
duced. Neonatal problems are largely 
excluded. The text is rather uneven and 
occasionally turgid, as may be expected 
in a book which attempts to cover a very 
large field and includes numerous un- 
common and some nonurgent conditions. 
The text is at its best when answering 
specific questions—' What to look for in 
acute osteomyelitis’ and ‘How to deal 
with children with head trauma’. In 
marked contrast is the short passage on 
abdominal abscesses. 

To be of help to an acutely ill patient, 
the radiologist is required not only to 
interpret x-rays accurately, but also to 
advise on the best diagnostic imaging 
‘tests’. Where this approach has been 
applied, the book is enjoyable and 
useful, and I know of no competitor. The 
price is reasonable by today's standards 
and should not preclude its purchase both 
by radiologists and paediatricians. 

C D R FLOWER 


Human Milk in the Modern World. By 
Derrick B Jelliffe and E F Patrice Jelliffe. 
(Pp. 500; illustrated + tables. £7.50 


paperback.) Oxford University Press: 
Oxford. 1979. 


The charming man-and-wife team, the 
Jelliffes, are enthusiasts for breast feeding 
(using the word enthusiast in its early 
almost religious meaning). They have 
lived in many parts of the world and have 
seen the danger to a baby's health of 
contaminated other foods. The authors 
express their belief that 99% of mothers 
can feed their babies, the main reasons for 
failure being cleft palate in the baby or 
the death of the mother. They attribute 
difficulties in feeding to psychological 
inhibition of secretion and argue that 
total persuasion within the mother is 
the solution to that problem. They seek to 
disseminate that persuasion. 

The book presents the grand view (the 
"modern world' of the title) describing the 
likelihood of underfeeding of the mothers 
themselves when recently urbanised and 
experiencing social isolation. They rightly 
emphasise the fecundity which failure of 
breast feeding brings. What seems to be 
lacking in the book is the perception 
derived from extensive personal care of 
mothers. The book offers almost no help, 
only the implication of inadequacy, to a 
mother with difficulties, no mention of the 
risks if her baby is small (the most 
common cause of lactation failure), nor 
does it mention that even in the best of 
circumstances this physiological function, 
like others, can fail or be deceptive in its 
inadequacy. And in their devotion to 
breast feeding, the authors recommend 
statutory powers to enable working 
mothers to feed their babies. This would 
be very much second best, for the baby’s 
need of every other kind of mothering 
from his mother in his first year is at least 
as great as that for breast milk. And a 
mother dislikes being a mere source of 
milk while others bring up her baby. 

MAVIS GUNTHER 


Manual of Pediatric Anesthesia. By David 
J Steward and the staff of the Department 
of Anesthesia at the Hospital for Sick 
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Children, Toronto, Canada. (Pp. 3 
tables. £9.00 paperback.)  Churc 
Livingstone: Edinburgh. 1979. 


This paperback describes the anatomi 

and physiological differences betwe 

children and adults, gives gene 

principles of the anaethestic manageme 
of paediatric patients, and outlines . 
techniques used for specific procedures 

Toronto. Each chapter has a bibliograpl 
largely from American and Canadi 

sources, and includes blank pages ff 
making personal notes. There is a use; 
appendix on the anaesthetic implicatioe 
of unusual syndromes, and othe 
appendices contain recommended dr 

dosages and data about resuscitation. 

There is clearly a danger that a manu 
such as this, often condensing a lar 
topic into brief notes, will have serio 
omissions, and it is a tribute to the clinic 
experience of the authors that su 
criticisms are relatively few. It is a pi 
that there is such brief coverage 
neonatal physiology and of problems « 
neonatal anaesthesia in general, and tl 
addition of a few photographs «c 
commonly used equipment would | 
helpful. There are some controversi: 
statements: few would agree that the 
piece is easily scavenged, or that a bloc 
sugar level below 40 mg/l100 ml i 
prematurity should necessarily Y 
corrected. Recommended endotrachdl 
tube lengths are too long when th 
standard British method of fixation 
used. SI units are not given. 

The information is imparted in 
didactic manner, often without explan: 
tion, but is fundamentally sound. Tr 
techniques advocated are safe, and largel 
reflect those used in major paediatri 
centres throughout the world. It should b 
useful, particularly for those faced with a 
unfamiliar paediatric emergency, and 
hope that its relatively cheap binding wi 
stand the test of time. It is one of the bes 
books so far published on the subject, bi 
does not remove the need for a mor 
comprehensive textbook. ` 

DAVID HAT( 
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Annotation 


Pathogen or commensal? 


The distinction between bacterial commensals and 
pathogens has never been sharp in the perinatal 
period. At other ages commensals are mainly to be 
found on the skin and in the upper respiratory, 
gastrointestinal, and lower genitourinary tracts. 
They and other so-called nonpathogens of the 
environment may assert on occasions a dangerous 
and sometimes lethal dominance in the fetus and 
newborn, which is foreign to their role of peaceful 
coexistence with healthy older children and adults. 
If however there is impaired host defence, the body 
commensals may move away from their usual place 
of residence to invade other tissues; and it seems 
likely that it is a similar failure to mount the necessary 
immune and inflammatory responses to fight 
infection which accounts for the newborn's peculiar 
susceptibility to an enormously wide variety of 
bacteria.! A greater awareness of the opportunism of 
the ‘harmless’ variety perhaps came as incubators 
and other apparatus containing humidification 
units were introduced into newborn nurseries on a 
large scale, for a plethora of weird microbes 
flourished in the water there.? Generic names such as 
Pseudomonas, Acinetobacter, Moraxella, Alkaligenes 
and Edwardsiella among others soon found their way 
into paediatricians’ vocabulary; and paediatricians 
began to realise that the deficiencies of their sterilisa- 
tion procedures could cause fatal sepsis in their 
immunologically innocent patients. 

Bacterial commensals of the vagina may also pose 
special problems for the infant, and group B 
streptococcal infection is a case in point. In a 
recent issue of this journal the isolation of Coryne- 
bacterium kutscheri in pure culture from the umbilical 
cord, fetal membranes, rectum, nose, throat, eye, 
and external ear of an immature infant was 
described.? It was also possible to demonstrate 
numbers of organisms within the cord and 
membranes, and the cellular response they evoked. 
The 980-g infant was ill for several days after birth, 
and radio-opacities in the chest were thought to be 
consistent with a pneumonitis. As she recovered, and 
the organism was not isolated from her tracheal 
aspirate, proof that C. kutscheri caused the illness 
was lacking, although the circumstances certainly 
suggested it. Diphtheroids are recognised as part of 
normal vaginal flora, but rarely if ever are"they 


reported in pure culture, as Fitter et a/.? pointed out. 

Chorioamnionitis and funisitis, such as they 
described, were the subjects of careful work some 
years ago,^-? and have recently been re-examined in 
a series of publications by Naeye et a[.971? They 
believe amniotic fluid infection syndrome to be the 
leading cause of perinatal mortality; and define it as 
congenital pneumonia associated with inflammation 
of the extraplacental membranes, umbilical cord 
and chorionic plate of the placenta, with intact 
membranes at the beginning of labour. They state 
that the condition in most cases, is caused by bacteria 
ascending from the vagina and that invasion of 
membranes near the cervical os leading to a localised 
chorioamnionitis is a fairly common event. 
Mycoplasma sp. may be responsible in a small propor- 
tion of cases.? The condition has its peak between 
20 and 26 weeks of gestation—when it may be 
associated with premature rupture of the membranes 
and premature labour, and repeated fetal losses— 
drops to its lowest between 32 and 37 weeks, and 
then increases again.!” Studies in New York City 
showed it to have a direct association with poverty,® 
and to be more common in blacks than in Puerto 
Ricans and whites. Parallel studies in Ethiopia have 
shown the same relation with poverty. They have also 
shown an interesting inverse connection between 
water usage and the amniotic infection syndrome, 
with a low incidence of the condition when the use of 
water is high, even in the poorest sections of the 
community, though as the use to which the water 
had been put was unknown, no conclusions could 
be drawn." Amniotic fluid is now known to have 
antimicrobial properties. A low molecular weight 
fraction consisting of a family of polypeptides whose 
bactericidal activity is zinc-dependent has been 
isolated.'4~ Antimicrobial activity was found to be 
absent at term in 75% of 53 Ethiopian women 
studied, and undernutrition was suggested as the 
most likely cause.H 

There are some fundamental difficulties in 
regarding many cases of congenital pneumonia as a 
true infection as Naeye et al. do, for often the 
histological picture seems to represent a passive 
aspiration of maternal leucocytes into the air spaces, 
together with squames and amniotic debris.!9-!7 
There is rarely evidence of infiltration or destruction 
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of bronchopulmonary tissue, although this may 
occur in the fetal membranes with the accompanying 
chorioamnionitis. Leucocytes found in the gastric 
aspirate shortly after birth following prolonged 
membrane rupture have certainly been proved 
maternal in origin.!? Furthermore the histological 
findings in the lungs in the often devastating intra- 
partum infection caused by group B 6-haemolytic 
streptococcus may be very different. Many babies 
with congenital pneumonia, especially in the 
Ethiopian series, were stillborn. There was a 
pronounced fall in deaths from pneumonia in this 
country between the two National Perinatal 
Mortality Surveys of 1958 and 1970. Thus perinatal 
deaths from pneumonia fell from 1:3/1000 to 
0-1/1000 total births, and first week deaths from 
1:0/1000 to 0-1/1000 livebirths.?? Although it is not 
certain to what extent ‘congenital pneumonia’ as 
defined by Naeye? took part in this decrease, one 
might suppose that many infants with amniotic 
fluid infection syndrome have died an asphyxial 
death in the past, and that improved antenatal care 
with careful watchfulness during labour, and 
improved resuscitation at birth will allow many of 
them to live. Chorioamnionitis is certainly a fairly 
common condition, and may exert its greatest harm 
by its association with premature labour. But there 
is also evidence not confined to  necropsy 
material,?—? to show that infants may come from 
an infected intrauterine environment unscathed; few 
would deny however that their liability to subsequent 
sepsis is greater. 


References 


T 


Miller M E. Host defenses in the human neonate. Mono- 
graphs in neonatology. New York: Grune and Stratton, 
1978. 

Editorial: Water bugs in the bassinet. Am J Dis Child 
1961; 101: 273-7. 

Fitter W F, de Sa D J, Richardson H. Chorioamnionitis 
and funisitis due to Corynebacterium kutscheri. Arch Dis 
Child 1979; 54: 710-2. 

Benirschke K, Clifford S H. Intrauterine bacterial 
infection of the newborn infant: frozen sections of the cord 
as an aid to early detection. J Pediatr 1959; 54: 11-8. 
Blanc W A. Pathways of fetal and early neonatal infection. 
Viral placentitis, bacterial and fungal chorioamnionitis. 
J Pediatr 1961 ; 59: 473-96. 


t2 


Lu 


- 


e 


1 


1 


o6 


~ 


9 


Naeye R L, Blanc W A. Relation of poverty and race to 
antenatal infection. N Engl J Med 1970; 283: 555-60. 
Naeye R L, Blanc W A. Unfavorable outcome of 
pregnancy: repeated losses. Am J Obstet Gynecol 1973; 
116: 1133-7. 

Naeye R L, Dellinger W S, Blanc W A. Fetal and maternal 
features of antenatal bacterial infections. J Pediatr 1971; 
79: 733-9. 

Tafari N, Ross S, Naeye R L, Judge D M, Marboe C. 
Mycoplasma T strains and perinatal death. Lancet 1976; 
1: 108-9. 

Naeve R L, Tafari N, Judge D, Gilmour D, Marboe C. 
Amniotic fluid infections in an African city. J Pediatr 
1977; 90: 965-70. 

Tafari N, Ross S M, Naeye R L, Galask R P, Zaar B. 
Failure of bacterial growth inhibition by amniotic fluid. 
Am J Obstet Gynecol 1977; 128: 187-9. 

Naeye R L, Peters E C. Amniotic fluid infections with 
intact membranes leading to perinatal death: a prospective 
study. Pediatrics 1978; 61: 171-7. 

Naeye R L, Tafari N, Judge D, Marboe C C. Twins: 
causes Of perinatal death in 12 United States cities and 
one African city. Am J Obstet Gynecol 1978; 131: 267-72. 
Schlievert P, Johnson W, Galask R P. Isolation of a low- 
molecular-weight antibacterial system from human 
amniotic fluid. /nfect Immun 1976; 14: 1156-66. 

Sachs B P, Stern C M. Activity and characterisation of a 
low molecular fraction present in human amniotic fluid 
with broad spectrum antibacterial activity. Br J Obstet 
Gynaecol 1979; 86: 81-6. 

Osborn G R. Letter: Congenital pneumonia. Lancet 
1962; 1: 275. 

Davies P A, Aherne W. Congenital pneumonia. Arch Dis 
Child 1962; 37: 598-602. 

Vasan U, Lim D M, Greenstein R M, Raye J R. Origin 
of gastric aspirate polymorphonuclear leukocytes in 
infants born after prolonged rupture of membranes. 
J Pediatr 1977; 91: 69—72. 

Katzenstein A-L, Davis C, Braude A. Pulmonary changes 
in neonatal sepsis due to group B $-hemolytic strepto- 
coccus: relation to hyaline membrane disease. J Infect Dis 
1976; 133: 430-5. 

Claireaux A. Stillbirths and first week deaths. In: 
Chamberlain R, ed. British births 1970, vol. 1, The first 
week of life. London: Heinemann Medical, 1975: 235-53. 
Shurin P A, Alpert S, Rosner B, et al. Chorioamnionitis 
and colonization of the newborn infant with genital 
mycoplasmas. N Engl J Med 1975; 293: 5-8. 

Keenan W J, Steichen J J, Mahmood K, Altshuler G. 
Placental pathology compared with clinical outcome. A 
retrospective blind review. 4m J Dis Child 1977; 131: 
1224-7. 


PAMELA A DAVIES 
Department of Paediatrics and Neonatal Medicine, 
Hammersmith Hospital, 


Du Cane Road, 
London W12 OHS 


Archives of Disease in Childhood, 1980, 55, 171-174 


Continuous sodium valproate or phenobarbitone in 
the prevention of ‘simple’ febrile convulsions 


Comparison by a double-blind trial 


EUGENIA NGWANE AND BRIAN BOWER 
Department of Paediatrics, Radcliffe Infirmary, Oxford 


SUMMARY Of the 265 children aged between 6 and 18 months admitted to hospital in a 26-month 
period each with his first febrile convulsion, there were 64 who satisfied our criteria for a simple 
febrile convulsion. Of these, 43 (random) were entered into a double-blind trial of continuous sodium 
valproate versus phenobarbitone, and 21 were untreated. The dosage was phenobarbitone 3-6 m g/kg 
per day; sodium valproate 30-60 mg/kg per day. 39 completed treatment (21 phenobarbitone, 18 
sodium valproate), 2 in each group being withdrawn because of unacceptable side effects. Close 
supervision and random serum drug estimations showed compliance to be good. 

After a mean treatment period of 12 months (mean age 25 months) there had been one recurrence 
in the sodium valproate group compared with 7 in the untreated group (P<0-05), and 4 recurrences 
in the phenobarbitone group. The difference between treatment and no treatment was significant 
(P<0-05). 

These results suggest that in simple febrile convulsions occurring between 6 and 18 months of age 
sodium valproate is as effective as phenobarbitone in preventing recurrence and that either treatmen- 
is better than none. 


The prevention of febrile convulsions has become Patients and methods 
particularly important since it has been shown that Between April 1976 and June 1978, 265 children 


prolonged convulsions may cause temporal lobe (180 boys and 85 girls) aged between 6 and 18 months 
epilepsy. The risk that a convulsion Will bé were admitted to the Radcliffe Infirmary or the 
prolonged increases with each succeeding con- Churchill Hospital, Oxford, with their first febrile 


vulsion.? There is therefore good reason to try to convulsions. Of these, 64 had each had a simple 
prevent further convulsions once a child has identified febrile convulsion which, for the purposes of this 


himself as being at risk by having his first febrile study, fulfilled the following criteria: (1) It was a 
convulsion. — — l Wr generalised tonic-clonic convulsion which was not 
Prophylactic intermittent phenobarbitone is in-  |ateralised or followed by lateralised  postictal 
effective since it takes up to 72 hours to achieve an paralysis. (2) Its duration was less than 30 minutes. 
adequate blood level even at double the ordinary (3) The patient had a normal perinatal and postnatal 
dose.4~* Continuous phenytoin is also ineffective.’ history and there was no history of neurological 
By contrast continuous phenobarbitone has been disease. (4) There was no evidence of current 
found to have some prophylactic effect,57? although intracranial disease. 
in one trial this did not reach statistical significance." 43 of the 64 children were entered into a double- 
As sodium valproate (Epilim) has been shown to bea pind trial of continuous sodium valproate against 


safe and effective anticonvulsant in tonic-clonic continuous phenobarbitone. Informed parental 
seizures, 77^ we decided to test its effectiveness in consent was obtained. The remaining 21 of these 64 
preventing the recurrence of febrile convulsions. children were not entered into the trial either because 

of parental refusal or because they were admitted on 


l—————— — 
Department of Paediatrics, Radcliffe Infirmary, Oxford a ‘take’ day of a consultant who did not wish to 
EUGENIA NGWANE, research assistant participate in the trial. These 21 children form the 


BRIAN BOWER, consultant diatrici: 
desist isha untreated group. 


171 


172 Ngwane and Bower 


For technical reasons it was not possible to 
provide phenobarbitone tablets identical in taste and 
appearance with sodium valproate or to provide 
identical syrups. However it was possible to provide 
placebo tablets and syrup which were identical with 
each active preparation in taste and appearance. 
Each patient was therefore given medication both in 
tablet and syrup form, one of which was placebo— 
that is either phenobarbitone tablets and placebo 
syrup, or placebo tablets and sodium valproate 
syrup. Dosage was twice daily. Allocation was 
random and double-blind, the code being kept by the 
hospital pharmacist. The dose of the anticonvulsant 
was determined according to the child’s body 
weight at entry into the trial. Children weighing 
5-10 kg received phenobarbitone in a dose of 30 mg 
or sodium valproate in a dose of 300 mg, and those 
weighing > 10-15 kg received phenobarbitone 45 mg 
or sodium valproate 400 mg (Table 1). 

The patients were followed by one of us (E N) for 
an average period cf 12 months. 

Patients were reviewed 2 weeks after discharge, 
then after a further 2 months, and thereafter at 
4-monthly intervals unless otherwise indicated. On 
discharge from hospital the parents were given 
instruction about antipyretic measures to be taken in 
the event of a febrile illness." 


Results 


39 children (21 in the phenobarbitone group and 
18 in the sodium valproate group) remained in the 
trial from the time of entry to the time that the code 
was broken at the end of the period of observation. 
Four children, 2 in each treatment group, developed. 
such severe side effects that the code was broken and 
treatment stopped. The side effects consisted of 
pronounced hyperactivity and night wakefulness in 
the phenobarbitone group and persistent diarrhoea 
in the sodium valproate-treated children. 

Blood Jevel estimations both of scdium valproate 
and phenobarbitone were done on 28 of the 39 
children in the trial. Blood samples were taken 2-4 
hours after the morning dose. A total of 35 estima- 
tions were done, 16 in the phenobarbitone group and 
19 in the sodium valproate group. These were done 
at random intervals and the parents had no warning 


Table 1 Anticonvulsants given to the two groups 
according to body weight 





Body weight at entry into trial 











5-10 kg 10-15 kg 
Phenobarbitone 30 mg daily 45 mg daily 

(3-6 mg/kg per day) (3-4 mg/kz per day) 
Sodium valproate 300 mg daily 400 mg daily 

(30-60 mg/kg per day) (26-40 mg/kg per day) 


a S ———MM———  ———— 


that a blood test would be done at the next clinic. Of 
the 19 estimations in the sodium valproate group, 
only one was below the therapeutic range (0:26 
mmol/l; 4:3 mg/100 ml). In the phenobarbitone 
group, 4 of the 16 estimations were below. the 
therapeutic range: 25 umol/l (0:58 mg/100 ml); 
30 umol/l (0:70 mg/100 ml); 38 gumol/l (0:88 
mg/100 ml); 37 umol/I (0:86 mg/100 ml). The 
therapeutic range was taken as 0-3-0:7 mmol/l 
(4-98-11-62 mg/100 ml) for sodium valproate 
and 40-100 umol/! (0:93-2:32 mg/100 ml) for 
phenobarbitone. 

The number of febrile episodes (T? — 389C) was 
similar in the two treated groups. In the pheno- 
barbitone group there was an average of 4 febrile 
episodes (range 2-8) and in the sodium valproate 
group an average of 3 (range 2-7), during the period 
of observation. There were $8 readmissions to 
hospital with febrile illnesses but no recurrence of 
febrile convulsions in any of these. 

Are these three groups comparable? The children 
in all three groups were comparable for age at 
beginning and end of the trial and for length of 
period of observation (Table 2). 

The number of recurrences during the period of 
observation is shown in Table 3. 

Only one patient in the sodium valproate group 
had a recurrence. In the phenobarbitone group there 
were 4. Bv contrast, of the 21 patients in the untreated 
group 7 had further fits during the period of observa- 
tion. 


Table 2 Age and follow-up period distribution 


Sodium Phenobarbitone Untreated 
valproate 
(n — 20, (n —23 (n=21, 


10 M and 10 F) 13 Mand10 F) 14 M and 7 F) 











Follow-up (months) 
Maximum with- 


out recurrence 20 27 24 
Mean 13 12 13 
Median 15 121 15 
Age at entry (months) 
Mean 123 12} 121 
Median 13 14 13 
Mean age at end of 
trial (months) 25 25 28 
Table 3 Recurrence rate and side effects in the three 


groups 


Phenobarbitone Untreated 
(n— 23) (n — 21) 


Sodium 
valproate 
(n=20) 





Side effects, code 

broken 2 
No. remaining in trial 18 
Recurrences 13:575) 


2] 


A — N 


(19%) 
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Continuous sodium valproate or phenobarbitone in the prevention of ‘simple febrile convulsions 


The difference between the sodium valproate and 
the untreated groups was significant (y? = 3-8 
P —0-05); as was the difference between all treated 
subjects (sodium valproate and phenobarbitone 
groups combined) and the untreated group (y? — 4-3 
P<0-05). The difference between the sodium 
valproate and the phenobarbitone group was not 
significant. 


Discussion 


Two reasons account for the small numbers in this 
trial. Firstly, the strictness of our definition. Previous 
reports show considerable confusion about the 
definition of febrile convulsions which differ greatly 
in severity, aetiology, and precipitating factors, 
making controlled trials difficult." We decided to 
adhere to a strict definition even though this reduced 
the numbers. Secondly, the restriction of our cases to 
those below 18 months. There is a greater risk of 
further convulsions in children whose first fit takes 
place before they are 18 months.? It therefore seemed 
justifiable to use sodium valproate in such children 
although little is known about its long-term effects 
in the immature brain. We felt that its use in the 
low risk (that is, older) group was unjustifiable. 

The aim of the trial was to discover whether 
sodium valproate was as effective as phenobarbitone 
in the prophylaxis of febrile convulsions. This has 
been shown to be the case in the age of greatest risk. 

Is sodium valproate preferable to phenobarbitone ? 
In this study sodium valproate was more effective 
although the difference was not significant. C ontrary 
to our expectations, the incidence of side effects in 
the two groups was similar. Five of 23 pheno- 
barbitone-treated children developed side effects, and 
in 2 these were so severe that both children were 
withdrawn from the trial. In all cases the parents 
volunteered the information and the side effects 
began within 72 hours of starting treatment. 

In the sodium valproate group 4 children 
developed side effects, 2 of whom were withdrawn 
from the trial. The most common side effect was 
diarrhoea. This invariably resolved even when 
treatment was maintained. In one instance, treatment 
was stopped due to intolerable diarrhoea and the 
patient was treated with phenobarbitone, this was 
later stopped due to excessive hyperactivity and the 
child put back on sodium valproate. There was no 
recurrence of diarrhoea. 

Although the untreated group appears to be 
comparable with the two treated groups, it was not 
designed as a control group. Nevertheless comparison 
of the incidence of recurrence (33 % in the untreated 
group and 5:5% in the sodium valproate group) 
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suggests that continuous prophylactic medication 
reduces the risk of recurrence. 

Moreover, 6 out of the 7 children who had 
recurrences in the untreated group each had at least 
one subsequent seizure which lasted 25 minutes or 
longer. Such prolonged seizures carry a substantial 
risk of the development of anoxic brain damage and 
chronic temporal lobe epilepsy. Simple febrile 
convulsions, as defined by us, are therefore not 
necessarily benign and in our view prophylactic 
treatment is justifiable. 

From this trial we conclude: (1) That sodium 
valproate is at least as effective as phenobarbitone in 
the prophylaxis of febrile convulsions. (2) That there 
are side effects which although different are equally 
likely. (3) That treatment with either sodium 
valproate or phenobarbitone prcduced a significant 
reduction in the incidence of further convulsions. 

We recommend that any child below age 18 
months who presents with febrile convulsions should 
be treated with either sodium valproate or pheno- 
barbitone for at least 12 months from the time of 
his first febrile convulsion. 


We thank the consultant paediatricians at the 
Radcliffe Infirmary and Churchill Hospital for 
allowing us to study children under their care, 
Dr B Winsley and the staff of the pharmacy for their 
willing help, Dr J Mann for advice on the design of 
the trial and evaluation of results, Miss J Bradley for 
secretarial help, Reckitt and Colman Limited for the 
supplies of sodium valproate and placebo, and the 
parents of our patients for their understanding and 
co-operation. 
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salmonella osteomyelitis in childhood 


A report of 63 cases seen in Nigerian children of whom 57 had sickle cell anaemia 


A A ADEYOKUNNU AND R G HENDRICKSE 


Department of Paediatrics, University College Hospital, Ibadan, Nigeria, and Department of Tropical 
Paediatrics, Liverpool School of Tropical Medicine 


SUMMARY A review of 63 Nigerian children with salmonella osteomyelitis showed that in all but 
2 of them the disease occurred in association with HbS either in the homozygous state (57 patients) or 
in heterozygous combination with other haemoglobins (4 patients). Osteomyelitis was most prevalent 
during the first 2 years of life, and boys were more often affected than girls. In the majority, multiple 
sites were involved and lesions were usually bilateral and often symmetrical. Sa/monella sp. was 
isolated from blood or pus, or both, in all patients. In some patients additional pathogens were also 
isolated from blood or pus. Clinical presentation was variable. In many patients the illness was 
slight and they were treated entirely as outpatients, but serious toxaemia, severe bone lesions with 
pathological fractures, and chronic suppuration occurred in others. Most patients responded well to 
chloramphenicol and conservative management. There were 4 deaths. 17 patients recovered with 
sequelae. 

It is suggested that the peculiar susceptibility of patients with sickle cell anaemia to salmonella 
osteomyelitis is due to spread of salmonella from the intestine facilitated by devitalisation of gut 
caused by intravascular sickling, and that infarcts in bone became infected either by transient 
bacteraemia or by activation of dormant foci of salmonella in bone marrow when tissues are 
devitalised. It is further suggested that immunological defects in sicklers may impair host response to 
infection, while haemolysis and hepatic dysfunction, both of which occur in sickle cell anaemia, 
favour propagation of salmonellae. 


Salmonella infections are universally prevalent and 
the infection rate is considerably higher in early 
childhood than later in iife.!^? Clinical manifestations 
of infection are many and various but reports 
indicate that salmonella osteomyelitis is peculiarly 
rare.4~® Patients with sickle cell anaemia appear 
to have a greater susceptibility to this complication 
than nonsicklers.'°-"' Salmonella osteomyelitis, even 
among patients with sickle cell anaemia cannot, on 
the basis of reports published to date, be regarded as 
common. 

The first report of the peculiar association of 
sickle cell anaemia with salmonella osteomyelitis 
was by Carrington in 1925.1? In 1951, Hodges and 
Holt in the USA,!* and Lambotte-Legrand in the 
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Belgian Congo?? independently drew attention to the 
special susceptibility of patients with sickle cell 
anaemia to salmonella osteomyelitis.!? 35 This 
Observation has been amply confirmed by 
others.’ !! 14-16 These reports were based on very 
small numbers of patients, and one of the largest 
series published to date is that of Hendrickse and 
Collard in 1960, who reported on 13 cases of 
salmonella osteomyelitis in Nigerian children, the 
majority of whom had sickle cell anaemia. 

We report here experience of 63 cases of salmonella 
osteomyelitis, seen over an 8-year period in the 
Children’s Department of University College, 
Hospital, Ibadan in only 2 of whom the condition 
was unassociated with HbS. 


Patients 
All the 63 patients were Nigerian children, mainly of 


Yoruba origin, living in south-western Nigeria 
where the hospital is situated. Table 1 shows their 
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Table1 Sex and haemoglobin type in 63 patients 
Sex Haemoglobin type 

SS SC AS SF AA 
Male (n= 36) 33 l - I I 
Female (n —27) 24 -— 1 l l 
Total 57 l 1 2 2 





sex and Hb type. It will be seen that 57 patients had 
sickle cell anaemia (homozygous S disease), two had 
Hb (AA) and the remainder had HbS in heterozygous 
combination with Hb A, C, or F. Findings in the 
S-homozygotes will be presented separately from 
findings in other patients. 


Findings in patients with sickle cell anaemia (HbSS). 


Age and sex 

Table 2 shows the ages and sexes of patients: boys 
predominate and in the under 2-year age group there 
is a 2:1 male to female ratio. It will also be noted that 
the condition was particularly prevalent during the 
first 2 years of life and tended to become less so in 
successive age groups. 


Seasonal incidence (Table 3) 

Cases occur throughout the year but there is a 
pronounced increase in prevalence between the 
months of October and December at the end of the 
rainy season. 


Sites 
In most patients, osteomyelitis was present in 
multiple sites (Table 4). The sites affected varied 


Table2 Ages and sexes of 57 patients with HbSS 
anaemia complicated by salmonella osteomyelitis 


Age Male Female Total 

(months) (n=33) Gia 23) (n — 57) 

«12 9 4 13 (— 1) sex not recorded 
12-23 7 3 10 

24-35 3 5 8 

36-47 3 2 5 

48-59 6 2 8 

60—71 1 3 4 

72-120 4 4 8 


P — 


Table 3 Seasonal incidence of 57 cases of salmonella 
osteomyelitis 


Season No. of cases 
a E t i 
January to March 2 

April to June 11 

July to September 11 

October to December 23 





Table 4 Number of sites* of salmonella osteomyelitis 
in 57 patients 





No. of sites No. of cases 

l 7 

2 17 : 
3 13 

4 9 

5 5 

6 or more 6 





*Anatomical sites—for example, hand or foot—not individual bones. 


according to the age of the patient. The small bones 
of the hands and feet were more commonly affected 
in the youngest patients (Table 5), while in the older 
ones it was more likely to be the long bones of the 
arms and legs. In most patients lesions were bilateral 
and often remarkably symmetrical. 


Summary of bacteriology 

The diagnosis of salmonella osteomyelitis was based 
on culture of Salmonella sp. from blood in 19 
cases, pus in 27 cases, and blood and pus in 11 cases. 
Species identified included Salmonella — typhi, 
Salmonella typhimurium, | Salmonella paratyphi, 
Salmonella dublin, Salmonella enteritidis, Salmonella 
group G (probably Salmonella poona). Ina number of 
patients specific species identification was not 
possible because of the lack of specific antisera. 

In 31 patients the only pathogens isolated were 
salmonellae. A remarkable feature of many patients 
was the isolation of one or more other pathogens, in 
addition to salmonellae, from pus or blood, or both. 
In 18 patients one other pathogen was identified 
(Table 6) while in 8 patients two or more other 


Table 5 Frequency of anatomical sites in patients with 
multiple lesions 


Site Right Left Bilateral Total Age(years) 
<2 2-6 7-10 

a 
Hand 8 6 8 22 16 4 2 
Forearm 3 7 11 21 11 6 4 
Humerus 2 3 » 12 4 3 5 
Foot 6 3 10 19 16 2 l 
Tibia 3 6 14 23 12 5 6 
Femur 3 5 2 9 6 2 1 
Spine 2 2 2 6 2 2 2 

= — — 3 1 1 1 


Ribs 
a 


Table 5b Sites in patients with single lesions 


Site No. of cases (n=7) 








Hand 

Forearm 

Foot 

Tibia or fibula 


Sternum 
E 


-— N N = m 


Table 6 Additional pathogens isolated from patients 
with sickle cell anaeniia and salmonella osteomyelitis 








Organism No. of cases Source from which isolated 
(n — 18) 
Blood Pus Blood 
. and pus 

Staphylococcus 

pyogenes 8 6 l l 
Coliforms 5 2 l 2 
Staphylococcus 

saprophyticus l I —- -— 
Pseudomonas 

aeruginosa 


1 "E 
Micrococci l l 
Streptococcus group A 1 v 
Shigella sp. l l 


Ill 


l 
l 





Table 7 Patients with multiple pathogens in addition 
to salmonellae 





No. of No. of Types of organisms from pus 

pathogens cases 

2 5 Staphylococcus + Streptococcus (2 cases). 
Staphylococcus* + coliforms. 
Staphylococcus* + pseudomonas. 
Coliforms + diphtheroids* 

3 2 Staphylococcus + coliform + streptococcus 

group B. 

Coliforms* + streptococcus + pseudomonas 

4 1 Staphylococcus* + Streptococcus* + 


coliforms + diphtheroids 





*Organisms recovered from blood. 


pathogens were isolated (Table 7). Mixed infection 
was more common in the very young (less than 2 
years) than in other age groups. 

In 14 patients mixed infections were detected 
during the initial investigation. in the remainder the 
additional pathogens were detected when bacterio- 
logical investigations were repeated during the course 
of the illness in patients not responding well to 
treatment. 


Clinical presentation 

Patients with sickle cell anaemia are prone to develop 
periodic episodes of pain in their limbs, of variable 
severity and duration due to bone ischaemia, 
consequent on intravascular sickling and occlusion 
of vessels, leading to infarction. In the very young, 
the bones of the hands and feet are commonly 
affected and this leads to painful swelling of the 
extremities, the ‘hand-foot syndrome,’ which is one 
of the characteristic manifestations of sickle cell 
anaemia in Africa. In older children the long bones 
of the limbs tend to be more frequently affected than 
the hands and feet. 

The onset of salmonella osteomyelitis is usually 
indistinguishable initially from nonseptic infarction 
and in many cases the diagnosis of osteomyelitis is 
Suspected only when symptoms fail to respond to 
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nonspecific measures—such as rest, increased fluid 
intake, analgesics, and alkalis. In some patients 
intensity of pain, evidence of local inflammatory 
reaction, and pronounced pyrexia and toxaemia at 
the time of presentation suggest osteomyelitis, but it 
should be noted that similar symptoms can be 
presented by patients with widespread noninfected 
infarcts. 

Some of our patients were first seen some time 
after the onset of osteomyelitis with complaints of 
persistent pain and loss of function in limbs, 
painful swellings localised to small bones of hands 
and feet or other sites, or occasionally with patho- 
logical fractures or discharging sinuses. In many of 
the older patients who showed gross x-ray evidence 
of bone destruction, although local pain and tender- 
ness were generally evident, other signs of inflamma- 
tion—such as redness, increased heat, and swelling— 
were often not very evident. 

The relatively ‘slight’ course of the disease in many 
patients is reflected by the fact that 29 patients in this 
series were treated entirely as outpatients with 
satisfactory results. Among the cases admitted for 
treatment there were several in whom the immediate 
cause for admission was not directly related to bone 
infection—for example measles, severe gastroenteritis 
with dehydration, pneumonia, and severe anaemia. 
The main reasons for admitting patients with 
salmonella osteomyelitis were: (1) extensive bone 
involvement requiring immobilisation; (2) special 
surgical procedures, such as open drainage; 
(3) pathological fractures of weight-bearing bones; 
(4) initial pronounced toxaemia, with widespread 
and severely painful limbs; (5) unsatisfactory 
response to outpatient management. In addition, 
some patients lived too far away for outpatient 
treatment. 


Radiological findings 

The x-ray findings in the early stages of salmonella 
osteomyelitis are indistinguishable from those due to 
aseptic infarction. Both the small and the long bones 
show the same pattern except that generally in the 
latter only the diaphysis is implicated. It is manifested 
by early periosteal reaction along the whole length of 
the shaft of the bone which gradually becomes more 
pronounced and invests the diaphysis almost as an 
involucrum, but eventually the original diaphysis 
becomes partially absorbed and merges with the new 
periosteal envelope leaving a slightly thickened shaft. 
The epiphysis because of its richer blood supply 
usually, but not always, escapes. Also of note at the 
initial stage of the disease is the presence of linear 
intracortical fissuring paralleling the shaft adjacent 
to the medullary involvement. Short intraosseous 
sinus tracts seem to occur between the obvious 
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medullary infection and cortical fissure. As the 


disease continues, there is progressive destruction of 


the bone which may lead to a ‘moth-eaten’ 
appearance extending throughout the shafts of long 
bones with surrounding periosteal new bone forma- 
tion of variable extent and density (Fig. 1). In some 
patients there may be localised areas of extreme 
rarefaction in the shafts of bones and pathological 
fractures tend to occur at those sites (Fig. 2). 
Periarticular bone disease may lead to septic arthritis 
especially in the hip and shoulder region but 
generally septic arthritis is not a common complica- 
tion of salmonella osteomyelitis. Destruction of 





Fig. 1 Extensive bone destruction with cortical 
fissuring and periosteal new bone formation. 





Fig. 2 Note areas of rarefaction with pathological 


fractures in both femora. 


bones around joints may lead to dislocation or to 
other permanent deformity of joints. Involvement of 
epiphyses may lead to their destruction with subse- 
quent impairment of bone growth (Fig. 3). 

The extent to which recovery can occur in bones 
which are grossly diseased is often remarkable and 
complete restitution of normal architecture (Fig. 4, 
a and b) can take place in bones which initially 
appear to be totally destroyed. 

As previously noted most patients have multiple 
bone involvement, and lesions are commonly 
bilateral and often remarkably symmetrical (Fig. 5). 
Salmonella osteomyelitis may also occur in sites 
other than the limbs. Fig. 6 (a and b) shows early and 
late changes in a patient with spinal involvement. 


Course and prognosis 

Most patients were treated initially with chloram- 
phenicol in a dose of 80 mg/kg per day for 3 to 4 
weeks. On this regimen clinical improvement was 
usually evident within a week and x-ray improvement 
demonstrated within 2 to 4 weeks. 

24 patients recovered completely without any 
sequelae. 12 patients defaulted before complete 
resolution of lesions: in 10 of them there was clear 
evidence of clinical improvement when last seen but 
2 patients defaulted while the disease was still active. 





(a) (b) 


Fig. da Extensive disease of humerus, radius, and 
ulna, 1963. 
Fig. 4b Same patient 1967 with normal bones. 
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Fig. 3 Impaired growth proximal phalanx 
R-index finger after osteomyelitis. 


Four patients died. Two deaths appeared to be due 
to overwhelming septicaemia in the acute phase of 
the disease. In 2 other cases the deaths were reported 
to us 8 to 18 weeks after the patients had been lost to 
follow-up. 17 patients recovered with sequelae 
(Table 8). 


Salmonella osteomyelitis in patients without sickle cell 
anaemia. Table 9 summarises findings in 6 patients 
who did not have sickle cell anaemia (SS). One 
patient had sickle cell haemoglobin-C disease (SC) 
and was clinically indistinguishable from those with 
sickle cell anaemia and required blood transfusion 
for severe anaemia. Two patients had HbS in 
association with HbF. One of these was a neonate 
and may well have been a case of sickle cell anaemia 
masked by fetal Hb. This patient had overwhelming 
infection with Salmonella sp., coliforms, and 
staphylococcus, and died soon after admission. 
Osteomyelitis was confined to the right femur. The 


Table 8 Sequelae to salmonella osteomvelitis 








Condition No. of cases 
(n=17) 
Destruction of small bones in hands or feet with 
resultant shortening of fingers or toes 6 
Shortening or deformity, or both, of long bones 
Femur 3 
Tibia and fibula l 
Radius and ulna l 
Flexion deformity of elbow l 


Other skeletal deformity 


Spine l 
Sternum I 
Persistent discharging sinus 2 


Cosmetic, disfiguring scar on leg and arm in a young 
girl l 
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other patient with HbS and HbF was 18-mouths old 
and was an example of hereditary persistence of 
HbF in heterozygous combination with HbS. He had 
a septic right shoulder which required surgical 
drainage, but he defaulted from follow-up before full 
recovery. 

One patient, a 3-year-old girl with sickle cell trait, 
had osteomyelitis in multiple sites. Salmonella sp. 
and coliforms were isolated from pus and 
Staphylococcus pyogenes from blood. She showed a 
good response to chloramphenicol but required 





Fig. 6a Osteomyelitis of spine, early changes. 


Fig. 5 Osteomyelitis affecting 
both radii. Note bilateral and 
synunetrical involvement and 
pathological fractures. 


surgical drainage of pus, and recovered completely. 
Her clinical behaviour was similar to that of our 
patients with sickle cell anaemia and salmonella 
osteomyelitis. 

One of the patients with entirely normal Hb who 





Fig 6b Same patient showing healing. 
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Table 9 Salmonella osteomyelitis in patients without sickle cell anaemia 








Age Sex Hb type | Source of Other organisms Sites of osteomyelitis Treatment Qutcome 
(years) salmonella ^ isolated and 
source 
I 10 M AA Pus Nil Right hand and right radius Chloramphenicol Complete 
and ulna both tibiae and and other recovery 
fibulae antibiotics 
2 #-1 F AA Pus Nil Both humeri also had Chloramphenicol Defaulted before 
purulent meningitis and other complete 
antibiotics recovery 
3 3 F AS Pus Staphylococcus Right humerus and forearm Chloramphenicol. Complete 
from blood; with pathological fractures Surgical drainage recovery 
coliforms from in 2 sites 
pus 
4 1/12 F SF Pus and Staphylococcus Right femur Chloramphenicol Died: 
stool from blood: and other dehydration 
coliforms from antibiotics, IV acidosis and 
pus therapy, aspiration septicaemia 
of pus 
5 1} M SF Pus Nil Right shoulder Chloramphenicol. Defaulted 
Surgical drainage 
6 6-10 M SC Pus Nil Both hands, Chloramphenicol. Recovery with 


left forearm, both 
femora 


Blood transfusions 


shortening of 
left femur. 


Sinus discharge 





developed salmonella osteomyelitis was a 10-year-old 
boy who was initially regarded as a case of sickle cell 
anaemia both on clinical and x-ray criteria. He had 
osteomyelitis in multiple sites and the lesions in the 
legs were bilateral and symmetrical. He ran a 
chronic course and was slow to respond to treatment, 
but ultimately he made a complete recovery. Fig. 7 
shows x-ray appearances on admission. The remark- 
able similarity between his bone lesions and those 
seen in salmonella osteomyelitis in sickle cell anaemia 
is worthy of note. This patient's Hb was repeatedly 
examined and confirmed as HbAA. 

The other patient with normal Hb was a girl 
under one year of age who presented with purulent 
meningitis (no organism recovered from CSF) and 
bilateral osteomyelitis of the humeri from which 
Salmonella sp. was isolated from aspirated pus. 
She recovered from her meningitis on chloram- 
phenicol and other antibiotics but defaulted before 
she had recovered fully from the osteomyelitis. 


Discussion 


A wide variety of salmonellae are endemic in 
Ibadan'’—'® and are a frequent cause of morbidity in 
childhood. The finding of only 2 patients with 
normal Hb among 63 patients who had salmonella 
osteomyelitis, of whom 57 had sickle cell anaemia, 
reinforces previous observations? 7-819 of the 
peculiar susceptibility of sicklers to this combination, 
and its rarity in the normal population. 

The diagnosis of osteomyelitis in patients with 
sickle cell anaemia presents peculiar difficulties as 
bone lesions secondary to infarction present clinical 


and x-ray features which may be indistinguishable 
from bone infection.’ !?7 Experience shows that 
salmonella osteomyelitis should be considered 
whenever the course of a patient with sickle cell 
anaemia suggests bone infection. Because of the 
rarity of salmonella osteomyelitis’~® it is equally 
true to assume that its occurrence suggests haemo- 
globinopathy until the contrary is proved. 

Multiple sites of bone involvement reported to be 
characteristic of salmonella osteomyelitis in patients 
with sickle cell anaemia!!!?79 occurred with 
remarkable frequency in this series as well. Also of 
note is the bilateral and symmetrical nature of the 
lesions in many cases. 

Our findings confirm earlier reports!?-16?? that the 
disease is particularly common in infancy and early 
childhood and becomes less so with advancing age. 
A contrary view is that the age prevalence is more 
apparent than real because of the poor survival of 
patients with sickle cell anaemia in the population 
studied." Survival of patients with sickle cell 
anaemia has improvedconsiderably in our population 
during the last decade and it can be confirmed that 
salmonella osteomyelitis is rare after adolescence. 

Response to treatment with chloramphenicol was 
satisfactory in most patients but the drug had to be 
given for long periods as therapeutic response is 
generally slow. Notwithstanding prolonged and 
sometimes repeated use of chloramphenicol, aplastic 
anaemia or other blood dyscrasia was not observed 
in any patient. 

The reasons for the peculiar susceptibility of 
patients with sickle cell anaemia to salmonella 
infections and the mechanisms responsible for 
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Fig. 7 Salmonella osteomyelitis in a nonsickler 
(HbA A), note symmetrical lesions in fibulae. 


osteomvelitis have not been fully elucidated. The 
similarity in the presentation and distribution of 
osteomyelitis to aseptic infarction in sickle cell 
anaemia suggests an opportunistic role of the 
salmonella in the pathogenesis of the osteomyelitis, 
but our observation of a case with normal Hb and 
salmonella osteomyelitis, whose clinical behaviour 
was indistinguishable from our cases of sickle cell 
anaemia, argues in favour of a more specific role for 
the organism in the pathogenesis and pattern of 
osteomyelitis. 

Patients with sickle cell anaemia show an increased 
susceptibility to infection and acute infection is a 


major cause of death in this disease.!! Susceptibility 
to infection could, on general grounds be expected 
to be increased in patients prone to periodic infarctive 
episodes that devitalise tissues in many anatomical 
sites but additionally, there is evidence of specific 
immunological derangements that occur in sickle cell 
anaemia. 

In young patients with splenomegaly a form of 
functional asplenia, which is transfusion reversible, 
may occur with depression of splenic phagocytic 
function which is permanently lost when auto- 
splenectomy occurs at a later age.??7?* Clearance of 
infecting organisms from the circulation will be 
impaired in these circumstances. There is evidence 
also that sera from patients with sickle cell anaemia 
may be deficient in opsonising ability for pneu- 
mococciH ?? and this has been shown to be related to 
a reduced ability to fix the third component of com- 
plement to the bacterial cell surface owing to an 
abnormality in the alternate pathway of complement 
activity.” Notwithstanding these subtle cellular im- 
mune abnormalities, studies on host reaction to intra- 
muscular salmonella vaccine in sickle cell anaemia 
have shown normal antibody responses." 57?? The 
immunological deficiencies which have been noted in 
sickle cell anaemia appear to be age related, with 
older subjects tending to show more persistent abnor- 
malities. The greater susceptibility of younger rather 
than older patients to salmonella osteomyelitis 
suggests that while immunological derangements may 
contribute to the pathogenesis of the lesions they are 
unlikely to be a major determinant of the pathology. 

Gastrointestinal defences against exogenous 
enteric pathogens like salmonellae include the level of 
gastric acidity, integrity of mucosal surfaces, and 
normal liver function.*°~*® Gastric acid secretion 
appears to be normal in sickle cell anaemia?’ and 
direct evidence that disease secondary to sickling in 
the gastrointestinal tract enhances susceptibility to 
bacteraemia is largely lacking.’ ?9 But, liver function 
is often impaired in sickle cell anaemia in childhood?! 
and structural damage leading to hepatic fibrosis 
occurs with increasing age.?? ?? There is also experi- 
mental evidence in animals that morbidity from 
salmonella infection is enhanced by haemolysis with 
or without anaemia.?? 

Taking all available evidence into account the 
occurrence of salmonella osteomyelitis in sickle cell 
anaemia seems to reflect both the peculiarities of the 
lesion in sickle cell anaemia and peculiarities of 
the Salmonella sp. 

We suggest that the pathogenesis is as follows: 

I. In areas like Ibadan, where sanitation is poor, the 
population is exposed to frequent gastrointestinal 
infection with Salmonella sp. to which infants and 
young children are especially susceptible. 


2. In sicklers, haematogenous spread is probably 
facilitated by devitalisation of gut caused by 
intravascular sickling. Abdominal ‘crises’ are 
common in sickle cell anaemia and presumably 
involve the same basic mechanism responsible for 
crises in other anatomical sites. Lack of direct 
proof of blood spread from devitalised gut is not 
surprising considering the technical constraints on 
such investigation and does not invalidate the 
concept which is consistent with the basic 
pathology in sickle cell anaemia. 

3. The expanded marrow in sickle cell anaemia with 
its increased metabolic activity, high oxygen 
demands, and sluggish circulation is especially 
vulnerable to infarction. The characteristic 
x-ray changes in bone are consistent with 
interruption of medullary blood supply with 
persistence of intact periosteal vascular bed. In 
infancy and early childhood the collateral 
circulation to medulla via periosteal vessels is 
poorly developed?! and this observation is 
consistent with the increased susceptibility of the 
very young to osteomyelitis. 

. Salmonellae characteristically tend to linger in 
bone marrow long after other sites are sterile, and 
dormant medullary foci proliferate if tissues are 
devitalised by infarction or other causes. 

. In sicklers, hepatic dysfunction and persistent 
haemolysis provide favourable conditions for 
propagation of Salmonella sp., while immuno- 
logical derangements may diminish the effective- 
ness of the host's response to infection. 
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Micro-organisms in outpatient infantile gastroenteritis 


A M WEINDLING, J A WALKER-SMITH, AND R BIRD 
Queen Elizabeth Hospital for Children, London, and Electron Microscopy Unit, London School of Hygiene 


and Tropical Medicine 


SUMMARY This study reports the results of an examination of the stools of 58 infants with gastro- 
enteritis who were seen as outpatients. The stools were examined by routine bacterial culture, and by 
electron microscopy for virus particles. The stools of a comparable control group of infants who had 
no gastrointestinal symptoms were also similarly examined. Enteropathogenic Escherichia coli, 
Salmonella sp., and rotaviruses, as well as other viruses, particularly adenoviruses and coronaviruses, 


were isolated. 


Since the rotavirus was identified as an important 
aetiological agent in children with acute gastro- 
enteritis, there has been renewed interest in the 
aetiology of this common illness and several reports 
of studies have been published. These studies'-? were 
concerned with the identification of aetiological 
agents in children ill enough to warrant admission to 
hospital. However, the present study attempted to 
determine the micro-organisms in the stools of 
outpatients attending the casualty department of a 
children's hospital using both bacterial culture and 
electron microscopy (EM). 


Patients and methods 


Single stool specimens from 88 children who were 
brought to the casualty department of the Queen 
Elizabeth Hospital for Children between August and 
November 1977 were examined by routine bacterio- 
logical methods in the hospital laboratory, and by 
EM at the London School of Hygiene and Tropical 
Medicine. No attempts were made to culture viruses 
or to obtain sera from the children. All patients were 
aged less than 18 months and came from the 
surrounding area. 

58 children were suffering from acute diarrhoea 
and vomiting, diagnosed as acute gastroenteritis. The 
clinical features of this group were compared with 
those of 30 children who had no gastrointestinal 
disturbance, and in all cases were recorded 
prospectively. Each child was examined by the 
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doctor conducting this study within 48 hours of 
initial presentation. 

Management of gastroenteritis was by a standard 
regimen? of electrolyte mixture to which sugar was 
added by the parents, or by the use of clear fluids in 
the case of toddlers, with gradual regrading to a 
normal diet over 3-5 days. 


Results 
Gastroenteritis group. 


Age, sex, and ethnic origins of the children 

58 children were found to be suffering from acute 
gastroenteritis: 41 (71%) boys and 17 (29%) girls. 
Most of these children were below age 6 months, but 
only 3 were under 4 weeks. Age and sex distributions 
are shown in Table 1. The ethnic origins of these 
children are shown in Table 2. 








Table 1 Ages and sexes of children with acute 
gastroenteritis 

Months 

<6 6-12 13-18 
Boys 27 (47) 12 (21) 2 (3-5) 
Girls 15 (26) 2 (3.5) 0 





Percentages are given in parentheses. 


Table 2 Ethnic origins of children with acute 
gastroenteritis 











White Asian Black Mixed race 
n=36 (62) n=11 (19) n=7 (12) n=4 (7) 
Boys 23 (40) 8 (14) 7 (12) 3 (5) 
Girls 13 (22) 3 (5) 0 1 (2) 





Percentages are given in parentheses. 
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Micro-organisms indentified and clinical features 


Bacterial pathogens. Faeces from 54 of these 58 
children were examined using routine bacteriological 
methods, and bacterial pathogens were isolated from 
the stools of 8 (14°). Known serotypes of entero- 
pathogenic E. coli were isolated from the stools of 
6 patients, and Salmonella Sp. was identified in 
2 cases. The stools of 2 children with entero- 
pathogenic E. coli also contained myxovirus-like and 
20-30 nm particles, considered to be enteroviruses. 
Another child with enteropathogenic E. coli also had 
a rotavirus in his stool and was admitted to hospital. 


Stool virus particles. Rotavirus particles (Fig. 1) were 
identified in the stools of 4 (7°) children, all aged 
6 months or less. Boys and girls were equally 
represented. The illness in the case of 3 of these 
children settled at once with routine treatment, but 
the fourth, aged 2 months, with E. coli 0128 was 
admitted for 8 days. 

An adenovirus (Fig. 2) was identified in the stool 
of 2 children; one aged 13 months had an associated 
slight upper respiratory tract infection (URTLI) the 
other had not. The conditions of both patients 
settled quickly after treatment with clear fluids. 

Particles 20-30 nm in size (enterovirus size) (Fig. 3) 
were identified in the stools of 3 children with 
diarrhoea but no vomiting. All were mildly pyrexial: 
the youngest was exclusively breast fed and had 
additional signs of an URTI. Neither of the other 
2 had any upper respiratory disturbance. One of 
these 2 had been in contact with a child whose entire 
family had had diarrhoea: he eventually required 
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Fig. 1 Rotavirus, x 126 000, 





admission, although no bacteria and no virions were 
found in the stool of the contact, who also needed to 
be admitted. 

Myxovirus-like particles alone (Fig. 4) were 
identified in 5 patients with gastroenteritis. Their ages 
ranged from 2 weeks to 10 months. Four suffered 
from vomiting as well as diarrhoea, and the gastro- 
intestinal disturbance had been present for between 
one and 3 weeks. In one case, regrading had been 
attempted at another hospital, but this had failed and 
the child was admitted. The fifth child was breast fed 
and had a much less severe illness. Two of these 5 
children were pyrexial with additional signs of an 
URTI. 
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Fig. 2 Adenovirus, X 126 000. 





20-30 nm particles, x 126 000. 


Fig. 3 


Micro-organisms in outpatient infantile gastroenteritis 


Both myxovirus-like and enterovirus particles were 
found simultaneously in the stools in 5 patients; 
E. coli was also isolated from 2 of these. Diarrhoea 
lasting from 5 days to a week was the main feature. 
Only one of these (a boy from whose stool E. coli 
was also isolated) was pyrexial and had a pronounced 
associated URTI. 

Coronavirus (Fig. 5) was observed in the stool of a 
boy aged 9 months. He was pyrexial and there was no 
associated URTI. He had a colostomy because of 
Hirschsprung's disease. The colostomy actions had 
been frequent and watery for 3 days, and the 
colostomy had prolapsed. He had vomited but only 
on the first day of the illness. The loose colostomy 
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Fig. 4 Myxovirus-like particles, x 126 000. 





Fig. 5 Coronavirus, 126 000. 
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actions gradually settled with clear fluids, although 
admission was required. 

The presence of coronavirus particles was 
suspected in 2 other children. Diarrhoea and 
vomiting were fairly severe in both, lasting for 5-6 
days. One of these children had an URTI in addition, 
and in his case there were particles resembling both 
coronavirus and herpesvirus. 


Candida. Candida sp., but no bacteria or viruses, was 
isolated from the stools of 2 children. Both were boys 
aged under one year. One had a strong history of 
contact with diarrhoea. Neither had any clinical 
evidence of candidiasis. The diarrhoea settled 
promptly with electrolyte mixture in both cases. 


Hospital admissions 

Six (11%) of the children in this group were admitted. 
One was admitted because of bloody diarrhoea 
(Salmonella agona was subsequently isolated), and 
2 others were admitted because of prolonged 
diarrhoea. They had been in close contact with each 
other, and an enterovirus (see above) was isolated 
from the stool of one. Rotavirus was found in one of 
the others, and coronavirus was isolated from the 
colostomy actions of another. Two children were 
admitted for social reasons. None required intra- 
venous fluids. 


Infant feeding 

The majority of babies were either artificially fed or 
on mixed feeding. Of the 3 babies who were 
exclusively breast fed, particles suspected of being 
myxoviruses were seen in the stool of one, and 
20-30 nm particles, thought to be an enterovirus, 
were seen in the stool of another; no virions were 
suspected in the third. 


Control group. 


30 children with no gastrointestinal disturbances 
were seen during the same period by the same 
observer. Twice as many boys were seen as girls. The 
most common diagnoses were ‘normal infant’ in 20 ?7, 
and ‘feeding problem’ in 17%: other presenting 
complaints varied from squints and asthma to 
minor trauma. Only one child was aged below 4 
weeks. Distribution of age, sex, and ethnic origins are 
summar'sed in Tables 3 and 4. 

Particles judged to be enteroviruses were seen in 
the stools of 4. Two had signs of an URTI and one 
had pronounced expiratory wheezing. The fourth had 
been screaming intermittently, and was found to be a 
windy baby. 

Myxovirus-like particles were found in 4: two 
children were off their food but displayed no 
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Table 3 Ages and sexes of children in control group 





Months 

<6 6-12 13-18 
————————— 
Boys 14 (46) 3 (10) 3 (10) 
Girls 5 (17) 2 (7) 3 (10) 


Percentages are given in parentheses, 


Table 4 Ethnic origins of children in control group 





White Asian Black Mixed 

n=20 (66) n=5 (17) n=5 (17) race 
Boys 12 (40) 4 (13) 4 (13) 0 
Girls 8 (26) 1 (4) 1 (4) 0 


Percentages are given in parentheses. 


abnormal physical signs, one had a pronounced 
URTI, and the loud screaming of the fourth child 
settled after feeding. 


Discussion 


It is noteworthy that in Autumn 1977, despite EM, 
no pathogens were isolated or virions identified in 
the stools of half the children with clinical gastro- 
enteritis observed as outpatients. Bacteria were 
absent from the stools of the control group, and no 
virions were seen in 74% of the stools of this group. 

Rotavirus was only found in 4 (7%) cases of the 
gastroenteritis group, no doubt due to this study 
being undertaken before the winter peak; this 
compares with a previous estimate of an incidence of 
about 20% during the rest of the year.? There were 
no rotaviruses among the controls, although 
Murphy et al. found a high incidence among certain 
populations of asymptomatic neonates. 

Neither adenovirus nor coronavirus was isolated 
from any child who did not have a gastrointestinal 
disturbance. Adenoviruses have been previously 
found in cases of acute diarrhoea.? Coronavirus has 
been implicated in human gastroenteritis on only 3 
previous occasions; vomiting has hitherto been 
described as a principal feature,? but was not 
pronounced in our patients. 

The finding of Candida sp. in the stools of 2 children 
with diarrhoea is interesting in view of the previously 
recognised increased numbers of normal bowel 
flora, particularly of C. albicans, present in the upper 
small intestine of adults and children with diarrhoea.’ 

Enterovirus and myxovirus-like particles were 
found in the stools of both groups. The significance 
of this finding is not clear. 

These results are summarised in Table 5 and our 
findings are compared with those of a previous 
inpatient study undertaken during the same months 
in 1976 at the Queen Elizabeth Hospital for Children 
(W Cutting, 1978, unpublished observations). 


Table 5 Summary of micro-organisms found in stools 
of control group and gastroenteritis groups (97) 


Gastroenteritis groups 








Controls Outpatients Inpatients 

Particles 20-30 nm 13 5 10 
Myxovirus (alone) 13 9 17 
Rotavirus 0 7 12 
Myxovirus + particles 

20-30 nm 0 9 3 
Coronavirus 0 2 2 
?Herpes- ?coronavirus 0 3.5 0 
Adenovirus 0 3.5 4 
Bacteria 0 18 25 

E. coli 0 11 — 

Shigella sp. 0 0 -— 

Salmonella sp. 0 3.5 = 
C. albicans 0 3-5 -— 
Unknown N/A 52 27 
N/A = not applicable, — figures not available. 


This study shows the need for further surveys of 
the pattern of excretion of stool viruses by children 
who have acute gastrointestinal symptoms, but who 
are not necessarily ill enough to need admission to 
hospital. 


We thank the staff of the Microbiology and Casualty 
Departments, Queen Elizabeth Hospital for 
Children, for their assistance. 
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Yeast opsonisation in children with chronic 
diarrhoeal states 


D C A CANDY, V F LARCHER, J H TRIPP, J T HARRIES, B A M HARVEY, 
AND J F SOOTHILL 


Department of Child Health and Department of Immunology, Institute of Child Health, and The Hospital for 
Sick Children, Great Ormond Street, London 


SUMMARY Four patients with defective yeast opsonisation and protracted diarrhoea are reported. 
Plasma infusions improved the opsonising function in all 4 and the diarrhoea in 3. This immuno- 
logical abnormality was assessed in 100 sequential patients with chronic diarrhoea associated with 
various gastrointestinal disorders: 52 with protracted diarrhoea and failure to thrive of undetermined 
cause, 26 with ‘toddler diarrhoea’, 8 with coeliac disease, 5 with chronic inflammatory bowel disease, 
and 9 with miscellaneous disorders. 239/ of the patients with protracted diarrhoea of undetermined 
cause had defective opsonisation, a greater proportion (P —0-05) than that in ‘toddler diarrhoea’ or 


the remaining patients, in whom the frequency (4%) was similar to that (5 %) in healthy populations. 
We suggest that yeast opsonisation be tested in children with protracted diarrhoea, as plasma 


infusions can be an effective form of treatment. 


Some immunodeficiency diseases are associated with 
diarrhoea, malabsorption, and failure to thrive. 
Miller et al.’ described a syndrome of defective yeast 
opsonisation, eczema, frequent infections, and death 
in infants of two families. Soothill and Harvey? 
reported that defective yeast opsonisation is common, 
occurring in about one in 20 of the population, and 
showed that it is often associated with recurrent 
infections in young children and with atopy.? 
Although the precise nature of the defect has not 
been defined, a defect of the alternative pathway of 
complement has been suggested.‘ Plasma corrects the 
defect in vitro and in vivo and can be of therapeutic 
value.1-? 

In this paper we report 4 children with protracted 
diarrhoea and failure to thrive of undetermined 
cause, and defective yeast opsonisation. The 
association of diarrhoea and defective opsonisation 
(——— 
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in these patients prompted us to assess the incidence 
of this immunological abnormality in 100 sequential 
patients with various gastrointestinal disorders and 
chronic diarrhoea admitted to the gastroenterology 
unit. 


Materials and methods 


The children had all been referred to The Hospital 
for Sick Children for further investigation of chronic 
diarrhoea, with or without failure to thrive. 

Yeast opsonisation was measured using the 
method of Soothill and Harvey.? The diagnostic 
value (<2-5 yeast/polymorph) described by them, 
and subsequently confirmed in a larger population of 
healthy children, was used. Inulin activation of 
complement was determined using the method of 
Soothill and Harvey.* Jejunal biopsies were obtained 
by standard techniques; half the specimen was 
immediately snap frozen and stored at —709C until 
analysis. Mucosal (Na* —K *) — ATPase and adeny- 
late cyclase activities were measured as previously 
reported.? Statistical analysis was by the 3? test with 
continuity correction. 


Case histories 


Table 1 summarises the results of the relevant 
gastrointestinal and immunological investigations 
performed on the 4 patients. Unless otherwise 


189 


190 Candy, Larcher, Tripp, Harries, Harvey, and Soothill 


Table 1 Relevant gastrointestinal and immunological investigations in index patients 
Case Sex  Jejunal biopsy Opsonisation index Insulin activation of Duodenal intubation 
yeast |polymorph) alternative pathway 
Histology Disaccha- Adenylate (Na* —K*) (change in titre)t Culture Pancreatic 
ridases cyclase — ATPase enzyme 

(pmol/mg (ymol/mg activity 
per min)* per h)t 

NNNM U a D DO ALMA. ———— 

1 F PVA Normal 9.3 1-77 1-26 l Normal Normal 

2 F PVA Normal 13 1-87 0-90 2 Normal Normal 

3 F Normal Normal — — 0-81 2 — — 

4 M — — — — 0-90 l — — 


—————— M—— —— — M —— ——— —— —————— 


*Control range, 7-3-18-8 pmol/mg protein per minute (basal activity). 


tControl range, 1-39-4-59 umol/mg protein per hour. 
tNormal change in titre >3. 
PVA = partial villous atrophy; — not done. 


indicated results of chest x-ray, barium studies, faecal 
microscopical examination and culture, and tests for 
reducing substances and chromatography, and 
plasma electrolytes, urea, calcium, phosphate, 
alkaline phosphatase, total proteins, albumin, 
aspartate transaminase, and alanine transaminase 
were normal. Also normal were immunoglobulin 
concentrations (except Case 1), neutrophil and 
lymphocyte counts, T- and B-cell populations, 
haemolytic complement, and C3. Apart from the 
defective yeast opsonisation (Table 1), complement 
activation by inulin was defective in all of them and 
by Escherichia coli endotoxin in three. 

Unless otherwise stated, all had been born at term 
by spontaneous delivery to healthy unrelated 
parents, and were of appropriate birthweights 
with no relevant family history. 


Case 1. The mother had often had skin infections as a 
child; the father and siblings were well. Two maternal 
uncles had died in childhood: one aged 3 months 
with eczema, recurrent chest infections, and 
diarrhoea, and the other at 6 years with recurrent 
chest infections. Our patient was breast fed for 5 
months, during which time she had been well and 
thrived. She then developed paronychia, recurrent 
impetigo, mouth ulcers, and increasingly frequent 
chest infections; at 4 years she developed chickenpox 
with severe secondary infection, followed by an 
episode of watery diarrhoea which had resolved 
spontaneously. At 5 years she developed profuse 
watery diarrhoea with impetigo and mouth ulcers 
which had persisted for 8 weeks before her referral. 

She was a pale, sick girl (weight and height —3rd 
centile), with fever, finger clubbing, impetigo, mouth 
ulcers, and hepatosplenomegaly. The respiratory rate 
was raised, crepitations were present over both lung 
fields, and chest x-ray showed the appearances of 
widespread bronchiectasis; she produced about 
20 ml purulent sputum daily, which grew 
Haemophilus influenzae and Pseudomonas aeruginosa. 


Serum iron, folate, potassium, gastrin, and IgA 
concentrations were low, and salivary IgA was not 
detected; jejunal biopsy showed the appearances of 
partial villous atrophy. The profuse diarrhoea 
(1-1-5 litres of stool/24 h) isotonic with plasma— 
that is 1/20 of her body weight—necessitated intra- 
venous feeding. The administration of fresh frozen 
plasma (20 ml/kg every 5 days) resulted in a great 
reduction in stool volume, the sputum volume and 
mouth ulcers improved, and the yeast opsonisation 
rose (Figure). During the subsequent 6 months she 
gained 1 kg in weight (3rd centile), but the 
appearances of a repeat small intestinal biopsy were 
unchanged. 


Case 2. The maternal grandfather has bowel cancer 
but otherwise there was no family history of gastro- 
intestinal disease or immunodeficiency. Our patient 
was breast fed for 6 months and had remained well, 
but after the simultaneous introduction of cows' milk 
and solid foods, she developed frequent loose, pale 
stools and failure to thrive. On referral, at age one 
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year, her weight was 1 kg below the 3rd centile and 
her height on the 25th centile. Serum iron and folate 
levels were reduced, faecal fat output was slightly 
increased (6:3 g/24 h; 22-2 mmol/24 h), and serum 
IgE antibodies to bovine serum albumin and 6-lacto- 
globulin were undetectable. After four infusions 
of pooled fresh frozen plasma (20 ml/kg) given at 
weekly intervals the yeast opsonisation returned to 
normal (4-06) but this was not accompanied by any 
clinical improvement. A gluten- and cows’ milk 
protein-free diet was instituted together with sup- 
plementary vitamins, iron, and folate. On this regimen 
her stools became normal and she thrived, despite 
the opsonisation index returning to its previously low 
level (1:94). Small intestinal biopsy was normal 4 
months later, and remained so 3 months after the 
reintroduction of cows’ milk and after a similar 
period on a gluten-containing diet. She remains 
asymptomatic and continues to thrive on a normal 
diet. 


Case 3. She was born at term by breech delivery, 
weighing 1:42 kg. The mother and a sister have 
asthma but there was no family history of gastro- 
intestinal disease or immunodeficiency. Our patient 
was bottle fed and at age 2 months, shortly after the 
introduction of solid foods, she had developed 
intermittently loose stools (up to nine a day for 2 to 4 
days each week), which did not improve after 
dietary withdrawal of milk. On referral at 5 years her 
height was on the 3rd centile and her weight was 1 kg 
below the 3rd centile; she was irritable and the 
abdomen was distended. Concentrations of serum 
phosphate and potassium were low, and IgE 
antibodies to bovine serum albumin and 6-lacto- 
globulin were not detected. She received pooled fresh 
frozen plasma (20 ml/kg) weekly for 9 weeks. The 
opsonisation index rose after the first and fourth infu- 
sions, but did not change after the second and third. 
During this time her mood improved, and after the 
fourth infusion the diarrhoea resolved and she 
began to thrive. Four days after the last plasma 
infusion diarrhoea recurred, the opsonisation index 
having fallen to 0-10. Her symptoms were not 
sufficiently severe to justify further plasma infusions 
and her weight has increased to the 3rd centile. 


Case 4. He was born post-term weighing 3:49 kg. The 
mother reacts to bee stings with extensive local 
swelling; she has four children from a previous 
marriage, three of whom have repeated upper 
respiratory tract infections, while the other has 
repeated skin pustules. There was no other relevant 
family history. Breast feeding was supplemented 
with bottle feeding and during the first week our 
patient passed up to 20 watery stools a day, and 
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developed hypoproteinaemic (23 g/l) oedema. At 7 
weeks he was wasted (weight 0-95 kg below 3rd 
centile) and dehydrated. Hb was 8-9 g/dl, and 
x-rays showed patchy consolidation of the left lung 
base and mastoiditis with bone destruction. He was 
treated with intravenous feeding and had recurrent 
episodes of hypoglycaemia, cellulitis, and left otitis 
media. Subsequently a diet containing comminuted 
chicken, medium chain triglycerides, and glucose was 
introduced and at 3 months he began to thrive; a 
normal diet was gradually introduced from 4 
months. A left cortical mastoidectomy was per- 
formed at 5 months, a radical mastoidectomy at 
7 months; at 10 months he was discharged from 
hospital with a persistently discharging left ear and 
diarrhoea. The opsonisation index was first deter- 
mined at 2 years, after which plasma infusions 
(20 ml/kg) were administered every 3 weeks. The 
opsonisation index became normal, with improve- 
ment in the ear discharge and diarrhoea. Since 
then monthly attacks of loose stools (up to eight 
stools a day lasting for about a week) have recurred, 
but despite this his height and weight have increased 
and are on the 90th and 50th centiles respectively. 


Family studies 


Yeast opsonisation was defective in the mothers of 
Cases 1 and 4, and in the siblings of Cases 3 and 4 
(Table 2). The opsonisation index of the mother of 
Case 2 was just above the arbitrary diagnostic limit. 


Yeast opsonisation in children with chronic diarrhoea 
The association of defective opsonisation, chronic 
diarrhoea, and failure to thrive, and the impressive 
response to plasma infusions in Cases 1, 3, and 4, 
prompted us to measure yeast opsonisation in 100 
children with chronic diarrhoea due to a variety of 
causes who had been admitted to the gastro- 
enterology unit. The diagnostic categories are 
shown in Table 3. 52 of them had protracted 
diarrhoea and failure to thrive; extensive investiga- 
tions failed to show a defimtive cause and they 
presented features similar to those previously 
reported." 26 had ‘toddler diarrhoea’ (that is 
chronic intermittent diarrhoea of undetermined 


Table 2. Yeast opsonisation* in families of index 
patients 


Case Mother Father Siblings 
Se ee aaa a 
1 2-28 4-22 4-86 

2 2-56 5.10 None 

3 3.40 3.86 0-88, 3-00 

4 2-28 3.20 2-38, 4-68 
—————————————————————— 


*Normal yeast opsonisation 2-5, 
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Table 3 Defective yeast opsonisation in 100 children 
with chronic diarrhoea 
————————————————À——H MT 





Category No. No. defective % defective 
Chronic diarrhoea 

With failure to thrive 52 12 23 

Without failure to thrive, 

‘toddler diarrhoea’ 26 1 4 
Coeliac disease 8 0 0 
Chronic inflammatory 

bowel disease 5 1 20 
Miscellaneous 9 0 0 
Total 100 14 14 





cause with growth and weight gain parallel to 
population centile charts), 8 had coeliac disease, and 
5 had chronic inflammatory bowel disease (ulcerative 
colitis (3), Crohn's disease (2) ). Of the miscellaneous 
patients, 4 had short bowels after surgical resection, 
3 had Shwachman's syndrome, one had cystic 
fibrosis, and one had tropical sprue. 

12 (23%) of the 52 patients with protracted 
diarrhoea and failure to thrive had defective 
opsonisation, but the defect was present in only one 
of the children with ‘toddler diarrhoea’, one with 
Crohn's disease, none of the patients with coeliac 
disease, and none in the miscellaneous group. 

The frequency of the defect was greater (P —0-05) 
in the first group compared with the ‘toddler 
diarrhoea’ group or the remaining patients, in whom 
the frequency (4%) was similar to the 5% reported in 
healthy populations.? 


Discussion 


One in 20 of the general population cannot opsonise 
baker’s yeast for polymorph phagocytosis.? * The 
precise nature of the defect or defects has not yet 
been defined, but there is some evidence that the 
alternative pathway of complement is involved. 
Although diarrhoea has been reported in some 
patients with defective opsonisation,'-? ™ there had 
been no systematic study in different diarrhoeal 
states. 

Our 4 patients had unexplained chronic diarrhoea 
with failure to thrive. In Case 1 the diarrhoea was 
cholera-like in volume, consistency, and composition, 
and the response to plasma infusions was striking. 

The association of defective opsonisation, salivary 
and serum IgA in Case 1 is of interest. Although 
isolated IgA deficiency has been reported in associa- 
with chronic diarrhoea,*-? the striking response to 
plasma infusions, which is unlikely in isolated IgA 
deficiency, suggests that the opsonising defect was 
the more important of the two abnormalities. 
Nevertheless it seems likely that the IgA deficiency is 
playing a part since this patient (Case 1) is by far the 
most severely affected of the 4, and the only one 


requiring continued plasma infusions. In this 
patient it was possible to increase the intervals 
between infusions to 3 weeks with only slight 
recurrence of symptoms and with little reduction in 
opsonisation index. In contrast the opsonisation 
index had fallen to low values after only one week in 
the other 3 patients treated with plasma. The 
reason for this difference is not clear but there have 
been no reactions to suggest an antibody response to 
a component in the plasma, which the recipient lacks. 
Although most infusions were associated with a rise 
in opsonisation index this did not occur after all 
infusions in Case 3; a possible explanation was that 
the donor plasma was defective in view of the 
incidence of the abnormality in the general popula- 
tion. 

Defective yeast opsonisation may be secondary to 
severe liver disease,'® or to complement consumption 
in vivo,” but there was no evidence for this in any of 
our 4 patients. Complement fixation by inulin was 
defective in all of them while haemolytic complement 
and C3 levels were normal, suggesting a defect in the 
alternative pathway of complement. This is in 
contrast to the 10 patients with protracted diarrhoea 
studied by Guiraldes ef al., who found that half of 
them had low levels of total haemolytic complement 
in association with defective opsonisation. 

The family studies are probably consistent with a 
dominant mode of inheritance for the defect with 
symptoms only in the offspring of affected mothers, 
as previously suggested;? opsonisation values were 
borderline in 2 mothers and normal in one other. 
However, IgG or IgM antibodies to yeast could, in 
theory, produce false-positives in defective sera. 

In order to assess the frequency of defective 
opsonisation in various chronic diarrhoeal states of 
childhood, we measured yeast opsonisation in 100 
patients with chronic diarrhoea. Compared with 
control populations a strikingly increased frequency 
(23%) of defective opsonisation was found in 
patients with protracted diarrhoea of undetermined 
cause and failure to thrive. The normal values found 
in some of the other groups with severe diarrhoea 
indicate that it is by no means an invariable effect of 
diarrhoea or failure to thrive. 

As in other immunodeficiency states the precise 
pathogenesis of the diarrhoea has not been defined. 
No pathogenic bacteria or Giardia sp. were recovered 
from duodenal juice or stools. In Case 2 transient 
cows' milk protein or gluten intolerance, or both, 
remains a possible explanation for the diarrhoea, and 
in this context it is of interest that the incidence of 
defective opsonisation is increased in atopic 
individuals compared with control populations.? 

There is now evidence that the intestinal mucosal 
enzymes, adenylate cyclase, and (Na* —K*) 
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—ATPase are fundamental to the regulation of 
fluid and solute movements across the intestine.!2-1? 

Adenylate cyclase mediates the secretion of water 
and electrolytes in diarrhoea induced by certain 
bacterial toxins such as the heat-labile enterotoxins 
of E. coli and Vibrio cholerae The diarrhoea of 
Case 1 was of cholera-like volume and consistency, 
but the normal specific activity of adenylate cyclase 
in small intestinal biopsies of this patient, and Case 2, 
makes such a mechanism for the diarrhoea unlikely. 
Diarrhoea in virus-infected animals is associated 
with impaired absorption, and reduced activity of 
(Na* —K *)—ATPase in intestinal mucosa.!! The 
activity of this enzyme was also normal in Cases 1 
and 2, so that the two established mechanisms for 
watery diarrhoea, infective and other, are apparently 
excluded. 

Protracted diarrhoeal states in children, 
particularly in early infancy, often pose major 
problems in diagnosis and management. Studies 
concerned with the pathophysiological mechanisms 
operating in the genesis of the diarrhoea in these 
patients represent important and challenging areas 
for research. The recognition of the common 
association between defective yeast opsonisation and 
protracted diarrhoea of undetermined cause in 
young children, whether associated with skin lesions 
or respiratory tract infections, is important as plasma 
infusions can be an effective form of treatment. We 
suggest that determination of the yeast opsonisation 
index should be an integral part of the investigation 
of such children. The finding of defective opsoni- 
sation in a symptomatic patient however, should not 
preclude the search for other Causes, since the 
association may be a chance one in any individual 
because of the frequency of the defect in the 
community. 


D CA C acknowledges the financial support of the 
Rayne Foundation. 
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Dopamine infusion for the treatment of myocardial 
dysfunction associated with a persistent transitional 


circulation 


GARRICK I FIDDLER, RANJIT CHATRATH, GORDON J WILLIAMS, 


DUNCAN R WALKER, AND OLIVE SCOTT 


Department of Paediatric Cardiology, Department of Anaesthesia, and Department of Cardiothoracic Surgery, 


Killingbeck Hospital, Leeds 


SUMMARY Four infants with myocardial dysfunction associated with a persistent transitional 
circulation were given dopamine infusions in addition to standard treatment. The condition of each 
improved strikingly with rapid diminution in heart size as judged by chest x-ray. Dopamine has a 
place in the management of the sick infant with a persistent transitional circulation. 


Dopamine, a catecholamine and an immediate 
precursor in the synthesis of noradrenaline, increases 
myocardial contractility and cardiac output by a 
direct action. Unlike isoprenaline it produces very 
little increase in heart rate in low to moderate 
dosage. It also increases renal blood flow and dilates 
the mesenteric vessels. It has been widely used 
both in adults and children for the treatment of 
various forms of shock.*~° As our experience with 
this drug has been favourable in children and infants 
requiring inotropic support after surgery for 
congenital heart disease, we used it in 4 infants with 
myocardial dysfunction associated with a persistent 
transitional circulation, and they form the basis of 
this report. 


Case reports 


Case 1. This gir] was the fourth child of a mother who 
had had two normal children and one stillborn child. 
The pregnancy and delivery were uneventful with 
normal Apgar scores; birthweight was 3:3 kg. 
Cyanosis was present shortly after birth and at one 
hour the arterial blood-gases in room air were pH 
7:24, Po, 4-2 kPa (31:6 mmHg), Pco, 7:8 kPa (58:6 
mmHg), base excess —4 mmol/l. Blood glucose was 
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0:5 mmol/l (9-0 mg/100 ml). She was nursed in 40 % 
oxygen and an IV infusion of 10% dextrose was 
started. Because of persisting cyanosis she was 
transferred to our unit at 5 hours. Examination 
showed no respiratory distress but moderate 
cyanosis, not improved by increasing O, concentra- 
tions. The pulses were normal and there was 
increased activity of the right ventricle on praecordial 
palpation. The second sound was loud and single and 
a short grade 2/6 systolic murmur was audible at the 
lower left sternal edge. There was no hepatomegaly. 
ECG showed pronounced right atrial enlargement 
with T-wave changes, suggesting subendocardial 
ischaemia in all the chest leads. Chest x-ray showed 
prominent right atrium with diminished pulmonary 
vascularity. The clinical diagnosis was pulmonary 
atresia with intact ventricular septum but cardiac 
catheterisation and angiography showed pulmonary 
hypertension, right-to-left shunting at atrial and 
ductal levels, mild tricuspid incompetence, and a 
small persistent ductus arteriosus. The diagnosis of 
persistent transitional circulation with myocardial 
dysfunction was made and an IV infusion of 
dopamine, 2 ug/kg per min, was started and con- 
tinued for 48 hours, the child being nursed in 40% 
O,. After this only slight cyanosis was present and 
chest x-ray showed a pronounced diminution in 
right atrial size. The baby was then digitalised and a 
further 48 hours later was acyanotic with a normal 
ECG. She was discharged home at age 6 days on no 
therapy and remains well: when last seen at 18 
months the murmur had disappeared. 


Case 2. This girl was a second child born at term 
after a normal pregnancy and delivery. Apgar scores 
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were normal and birthweight 4 kg. Initial examina- 
tion showed a normal infant but at one hour she 
was deeply cyanosed. There was no respiratory 
distress and peripheral pulses were normal. A short 
grade 2/6 systolic murmur was audible at the lower 
left sternal edge. There was no hepatomegaly. 
Capillary blood-gases in air were pH 6-78, Po, 
3:9 kPa (29:3 mmHg), Pco, 16-5 kPa (124 mmHg), 
base excess —26 mmol/l. Dextrostix was normal. 
ECG showed right atrial enlargement and severe 
ischaemic changes in the left chest leads (Fig. 1a), and 
chest x-ray showed gross cardiomegaly with pul- 
monary venous congestion (Fig. 2a). The baby was 
thought to have a persistent transitional circulation, 
mild tricuspid incompetence, and myocardial 
ischaemia. She was nursed in 60% O, and given 
sodium bicarbonate. At age 8 hours an infusion of 
dopamine 2:5 ug/kg per min was begun together 
with digitalisation and frusemide. During the next 
12 hours the baby improved strikingly, requiring less 
oxygen and after 20 hours the dopamine was stopped. 
By 3 days she was clinically normal with no murmur 


e | 
| Vies 


I mee m mv, 


OM e| Ko ge 


d 
—| — d 


LIT a ts m 








Fig. 1 


(Case 2). Electrocardiograms showing (a) peaked P- 
ischaemic S-T segment changes in left chest leads (b) resolut 


and both the ECG (Fig. 1b) and chest x-ray (Fig. 2b) 
had returned to near normal. Digoxin and frusemide 
were stopped on day 5 and she was discharged home 
at 9 days with no abnormalities. When last seen at 
9 months she appeared to be progressing normally. 


Case 3. This boy, the first child, was delivered by 
caesarean section at 38 weeks' gestation for fetal 
distress. Low oestriol values had been found in the 
pregnancy. Apgar scores were 2 at one minute and 7 
at six minutes, birthweight 2:9 kg. Cyanosis was 
present from birth and there was pronounced pitting 
oedema over the face, chest wall, and abdomen. 
Because of persisting cyanosis even in O, he was 
transferred to our unit at one day. Examination 
showed moderate cyanosis in air with mild 
respiratory distress. Facial and truncal oedema was 
still present. Peripheral pulses were normal and the 
second heart sound was loud and single. There were 
no murmurs. The liver was enlarged 3 cm at the 
right costal margin. Arterial blood-gases in air were 
pH 7-15, Po, 7:54 kPa (56:7 mmHg), Pco, 9-55 





waves of right atrial enlargement in lead II, with 
ion of right atrial enlargement and myocardial ischaemia. 
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(b) 


Fig. 2 (Case 2). Chest x-rays showing 
(a) cardiomegaly and pulmonary venous congestion 
(b) diminution in heart size and normal lung fields. 


kPa (71:8 mmHg), base excess —6 mmol/l. Dextro- 
stix was normal. ECG showed right ventricular 
dominance with poor left ventricular forces, and 
chest x-ray showed massive cardiomegaly. An 
echocardiogram was within normal limits. Because of 
the perinatal asphyxia, a persistent transitional 
circulation with myocardial dysfunction causing 
gross cardiac failure was diagnosed. The baby was 
nursed in 40% O, and given digoxin and frusemide. 
After this there was slight clinical improvement but 
the urine output remained poor and a dopamine 
infusion 5 ug/kg per min was begun. After 48 hours 
there was a striking clinical improvement with 
oedema almost cleared and chest x-ray returning to 
normal. Dopamine was stopped and the baby was 
eventually discharged home at 11 days with no 
abnormalities and on no therapy. 


Case 4. This boy, the second child, was born after a 
normal pregnancy and delivery. Apgar scores were 
2 at one minute and 8 at five minutes, birthweight 
3 kg. Some meconium was aspirated from the 
pharynx. At 2 hours he was deeply cyanosed and the 
blood glucose level was 0:6 mmol/l (10-8 mg/100 ml). 
Arterial blood-gases in 65% O, were pH 7:15, 
Po, 2:5 kPa (18:8 mmHg), Pco, 6-9 kPa (51-9 
mmHg), base excess —8:4 mmol/l. Bicarbonate, 
digoxin, and frusemide were given and a dextrose 
infusion started. Because of persistent cyanosis the 
patient was transferred to our unit at 8 hours. 
Examination showed an ill, cyanosed baby with pink 
frothy fluid oozing from the pharynx. Coarse 
crepitations were present over both lungs. Pulses 
were normal and the second heart sound was loud 
and single, with a grade 2/6 long systolic murmur at 
the lower left sternal edge. The liver was enlarged 
3 cm at the right costal margin. ECG showed right 
atrial enlargement, and chest x-ray cardiomegaly 
with pulmonary oedema. Because of the perinatal 
asphyxia and hypoglycaemia the left ventricular 
failure was thought to be associated with a persistent 
transitional circulation. The baby was intubated and 
ventilated and an infusion of dopamine 5 ug/kg per 
min was given for 48 hours. Digoxin was also given 
and continued for a further 3 days. The baby's 
condition rapidly improved and he was extubated 
after 60 hours of ventilation. Heart size and lung 
fields had by then returned to normal on chest 
x-ray. Echocardiography was performed on day 6 
and was normal. He was discharged home on day 
12, well and on no therapy. 


Discussion 


Pulmonary hypertension with a fetal direction of 
ductus arteriosus flow, otherwise known as a 
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persistent transitional circulation, has been 
increasingly recognised in the last decade as being 
associated with various forms of cardiorespiratory 
distress in the newborn infant.9-? The exact aetiology 
is unknown in many cases but polycythaemia, 
hypoglycaemia, and hypocalcaemia are known to be 
aggravating factors. A history of fetal distress or 
hypoxia is also significant.*-? The resulting clinical 
features depend on the response of the pulmonary 
vascular bed or the myocardium, or both, to the 
presumed insult. There is a spectrum of clinical 
presentation with cyanosis as the main feature, 
which may or may not respond to oxygen administra- 
tion. The degree of cyanosis depends on the state 
of the pulmonary vascular bed, and the presence of 
intracardiac as well as ductal right-to-left shunting. 
Myocardial ischaemia’ may be present resulting in 
myocardial dysfunction. This may cause cardio- 
megaly and venous congestion detectable radiologi- 
cally, or overt clinical evidence of cardiac failure. 
Murmurs of tricuspid incompetence are common 
and may be related to right ventricular dilatation 
from pulmonary hypertension or subendocardial 
ischaemia affecting the tricuspid papillary muscula- 
ture, or a combination of both factors. This problem 
is usually transient with the murmur eventually 
disappearing.!9-11 

Two of the patients (Cases 3 and 4) had perinatal 
asphyxia and two also had hypoglycaemia (Cases 1 
and 4). Cases 3 and 4 also had obvious clinical 
evidence of cardiac failure. Cases 1, 2, and 4 had 
murmurs of tricuspid incompetence and the murmurs 
eventually disappeared in all three. 

Treatment consisting of oxygen administration, 
with or without ventilation, and correction of 
biochemical disturbances produced improvement in 
many cases.-?!? [n those patients with severe 
cyanosis, acidosis, and hypoxaemia, as reported here, 
a vicious cycle of events occurs with intense pul- 
monary vasoconstriction and myocardial dys- 
function. Additional treatment for this group has 
been aimed at supporting the myocardium with 
digoxin and diuretics, and dilating the pulmonary 
vascular bed with either the «-blocker tolazoline,! 
or the direct vasodilator nitroprusside.!4 Tolazoline 
is an effective agent but in one report was shown to 
have side effects in 30% of cases when used for the 
treatment of pulmonary vasoconstriction,!? especially 
haemorrhage and renal abnormalities. 

Dopamine has three distinct dose-dependent 
actions.'~* Low doses (1-2 yg/kg per min) produce 
vasodilatation of the mesenteric, renal, coronary, 
and cerebral blood vessels with a reduction of the 
total peripheral resistance. No cardiac effect is seen 
in this dose range. Medium doses (2-10 ug/kg per 
min) have a direct effect on the beta adrenergic 
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cardiac receptors causing an increase in cardiac 
output. Doses greater than 10 ug/kg per min produce 
vasoconstriction because of «-adrenergic stimulation, 
and arterial blood pressure increases as total 
peripheral resistance increases. 

It has been reported to be a safe drug in doses 
below 10 ug/kg per min, the only side effects being 
nausea and vomiting. In doses greater than this 
extreme caution must be used because severe vaso- 
constriction can lead to gangrene.!? A recent study of 
the use of dopamine in 24 children ranging in age 
from 2 days to 18 years has shown it to be a safe 
effective drug in a mean dose of 9:3 ug/kg per min.? 

The use of dopamine in the persistent transitional 
circulation has not previously been reported. It has 
been used with some success in combination with 
chlorpromazine and methylprednisolone as pul- 
monary vasodilators to manage infants with 
diaphragmatic hernia and high pulmonary vascular 
resistance.!5 It offers immediate inotropic support for 
the hypoxic failing myocardium, and by dilating 
peripheral vascular beds reduces some of the after 
load on the heart. It does not alter the pulmonary 
vascular resistance if given in low to medium dosage, 
but we believe it has a place in the management of 
myocardial dysfunction associated with a persistent 
transitional circulation, when used with adequate 
oxygenation and correction of biochemical dis- 
turbances. Our experience suggests that it hastens the 
resolution of the myocardial dysfunction preventing 
further damage. 


We thank Dr J Littlewood, Dr G Lealman, Dr W 
Arrowsmith, and Dr J Ellis for referring the patients. 
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The trachea in children with respiratory diseases 
including children presenting as cot deaths 


M WAILOO AND J L EMERY 


Department of Pathology, Children's Hospital, Sheffield 


SUMMARY The tracheas of 74 children with respiratory disorders were analysed and compared with 
the tracheas of children with no respiratory symptoms. The test tracheas showed an increase in the 
size of the lumen and the length of the cartilage and membrane, the increase in the length of membrane 
being particularly striking. The relation between age at onset and duration of symptoms was 


uncertain. 


There has been an increased awareness of respiratory 
disease in children associated with abnormally 
collapsible tracheas.'^? The identification of these 
deformities requires a high level of suspicion on the 
part of the clinician and also, usually, specially skilled 
radiology and endoscopy. In the absence of clinical 
suspicion or diagnosis, detection at necropsy can be 
easily overlooked when the abnormality is not gross, 
or in children who present as unexpected deaths in 
whom the histories are often incomplete. For these 
reasons, we thought it useful to survey the tracheas 
of children who had respiratory symptoms and in 
whom no diagnosis of tracheal anomaly had been 
made for evidence of missed or hidden abnormalities. 


Materials and methods 


Tracheas taken from 1000 sequential necropsies of 
children of all ages were analysed for structural 
abnormalities. At necropsy, the main bronchi had 
been opened and the whole trachea fixed in 10% 
formol calcium for 4 days. A standard transverse, 
midtracheal block was removed, sectioned, and 
stained with Goldner's trichrome. The section was 
projected at a standardised magnification on to a flat 
surface and, with the aid of a map measure, the 
following measurements were made: (1) length of the 
transverse muscle—that is, the length of the mem- 
branous trachea; (2) length of internal perimeter, at 
the level of the basement membrane; (3) length of the 
tracheal cartilage. 

The ratio of the length of cartilage to length of 
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muscle was calculated from (1) and (2), and this was 
used as an index of tracheal wall shape. All measure- 
ments were made at a time when the clinical history 
and the ages of the children were not known. Later, 
from the case histories, the crown to rump lengths, 
ages, and relevant history were obtained and corre- 
lated with the tracheal measurements. 

From the history and necropsy findings, the 
children were divided into three groups: (1) children 
with any congenital deformity affecting any system, 
whether or not there were abnormalities or symptoms 
related to the respiratory tract (339 cases); (2) 
children with no developmental deformity, with no 
history of respiratory symptoms, or recognised 
disease of the respiratory tract on histology. These 
constituted our ‘normal’ group (392 cases); (3) 
children with no gross deformity of any system but 
with respiratory symptoms, with or without histo- 
pathological evidence of respiratory diseases (74 
cases). 

Only children of groups 2 and 3 are considered in 
the present study. The 392 ‘normal’ tracheas (group 2) 
were used to calculate normal structure, size, and 
pattern of growth of the trachea. 

Of the 74 who had respiratory tract diseases at 
various times (group 3), 47 presented as sudden 
unexpected death in infancy—that is, cot deaths. 
These 74 children were classified according to ‘age at 
onset’ as follows: 0-4 weeks (17); 5-8 weeks (11); 
9-12 weeks (14); 4-6 months (11); 7-12 months (8); 
| year plus (13). 42 had had symptoms for less than 
28 days and 32 for at least one month. 


Results 
perimeter, 


The measurements of the internal 
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cartilage, and muscle, and the ratios of cartilage/ 
muscle related to crown to rump length for the 74 
children are shown in Figs 1-4 against measurements 
derived from the group of 392 ‘normal’ children 
(group 2). 

Of the measurements of the internal perimeter 
shown in Fig. 1, 38 are above the mean, with 3 
higher than the 95th centile; there are 17 below the 
mean line, with 2 below the 5th centile. There are 
many tracheas that are wider than those of the 
controls (0:001 —P —0-01). 

In the analysis of the length of tracheal cartilage, a 
similar pattern of distribution is obtained (Fig. 2). 
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Fig. 1 Measurements of the internal perimeter of 
the 74 tracheas are distributed around the mean. There 
are many tracheas which are larger than normal 
(0-001 <P>0-01). 
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Fig.2 Lengths of the cartilage of the 74 test tracheas 
are shown distributed about the mean. Many 
measurements are above the mean. 





37 of the readings are above the mean line, 3 being 
above the 95th centile; there are 17 below the mean 
line, with 3 below the 5th centile. There is an increased 
proportion of tracheas with longer than normal 
cartilage. 

With the membranous trachea (Fig. 3), 44 
measurement readings are larger than the mean, 3 
being above the 95th centile, and 18 below the mean 
line. The significance of this distribution (P —0-001) 
is greater than that of the internal perimeter and 
cartilage. The greater the proportion of the wall that 
is cartilage, the more rigid and less collapsible the 
trachea. When the ratio of cartilage to muscle is 
charted (Fig. 4), there are 43 readings below and 17 
above the mean suggesting that, in many cases, the 
ratio is reduced (P —0-001). As there is an increase in 
both cartilage and muscle, the reduced ratio suggests 
that the relative increase in the length of the mem- 
branous trachea is greater than that of the cartilage. 
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Fig. 3 74 measurements of the tracheal membrane 
from children with symptoms referrable to the 
respiratory tract. Many are longer than the mean. 
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Fig. 4 Ratio of length of cartilage to length of muscle 
is shown against the normal. In the 74 test tracheas, 
this ratio is lower than normal, as shown by the 
distribution of the readings. This suggests that the 
increase in length of the membranous trachea is 
greater than that of the cartilage. 
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To estimate the relation between the duration of 
coughing and wheezing and the length of muscle, we 
have related the length of muscle to age at onset and 
duration of symptoms; the results are shown in 
Figs 5 and 6. Generally, children who started 
coughing and wheezing at an early age, and those in 
whom symptoms were more prolonged, appear to 
have the greatest increase in the length of muscle. We 
have insufficient numbers however, to determine if 
the differences are statistically significant. 

The following three case histories are examples of 
cases used in the study: 


Case histories 


Case 1 (aged 54 years). This child had been well until 
age one year when, after an episode of respiratory 
tract infection with cough, she developed a series of 
occurrences of acute dyspnoea with wheezing. A 
diagnosis of ‘asthma’ was made at age 2 years, and 
she received treatment in the form of bronchodilators 
initially and corticosteroids subsequently for her 
severe attacks. Later, her corticosteroid administra- 
tion was unsupervised, drugs being given at her 
parents’ discretion. Her final illness started with a 
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Fig. 5 When the length of tracheal muscle is related 
to age of onset of respiratory symptoms, children 

who have the earliest onset of symptoms tend to have 
longer tracheal muscles than those with a later onset of 
symptoms. 
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Fig. 6 When the length of tracheal muscle is related 
to duration of symptoms, those with the longer 
duration have longer tracheal membranes; the 
difference, however, is not statistically significant. 


sore throat, coughing, shortness of breath, and 
vomiting related to her coughing. After 4 days, she 
was admitted to hospital in extremis with severe 
bilateral bronchopneumonia for which she received 
antibiotics and controlled oxygen treatment. Her 
condition deteriorated and she died despite active 
resuscitation. 


Necropsy findings 

The naked-eye necropsy showed evidence of patchy 
consolidation and pneumonia with purulent fluid in 
trachea. Histologically, the trachea showed 
thickening of the basement membrane with dense 
round cell infiltration. The tracheal muscle measured 
9-3 mm which was above the 100th centile for her 
crown to rump length. 


Case 2 (aged 4 months). The third child of the family, 
the result of a normal pregnancy and delivery. 
Birthweight was 4:2 kg. His breathing had always 
been abnormal and was associated with a hacking 
cough rather like that of an old man. The cough was 
worse during the day and almost invariably made him 
vomit. No congenital deformities, in particular of 
the heart, could be detected; there was no family 
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history of respiratory illness; and cystic fibrosis had 
been excluded by a normal sweat test. At age 4 
months he appeared his normal self when put to bed, 
but was found dead in bed the next morning. 


Necropsy findings 

The child died with acute cardiorespiratory failure 
with oedema of the lungs and obstructive tracheo- 
bronchitis. 

There was some fibroelastosis in the heart and the 
trachea showed a considerable amount of squamous 
metaplasia and an apparent increase in the amount of 
elastic tissue deep to the basement membrane which 
itself appeared normal. 

The length of the tracheal muscle was 6 mm which 
was above the 95th centile. 


Case 3 (aged 10 years). This child appeared to be 
perfectly well until aged 18 months when he was 
admitted to hospital with pneumonia from which he 
fully recovered. Subsequently he had frequent 
episodes of shortness of breath with wheezing which 
responded to  bronchodilators. These episodes 
continued during the next 8 years in spite of broncho- 
dilator and corticosteriod therapy and were, on 
Occasions, associated with loss of consciousness, in 
which he would be pulseless and had to be given 
cardiac massage to recover. These unconscious 
attacks became a well recognised feature of his 
illness, but no explanation could be given for them 
despite extensive respiratory tract and cardio- 
vascular investigations. His final fatal episode 
occurred while he was at school, where he had a 
severe attack of shortness of breath with wheezing. 
He rapidly became unconscious and failed to 
respond to resuscitation. 


Necropsy findings 

There was very slight clubbing of the fingers and 
toes; the chest was not barrel shaped. Lungs were 
voluminous and did not collapse on opening the 
chest, meeting in the midline over the heart. There 
was no interstitial emphysema. The brain showed 
pronounced oedema with flattening of the cortical 
convolutions and herniation of cerebellar tonsils into 
the foramen magnum. There was no CSF around the 
brain. 

Histologically, the lung showed dilatation of 
alveoli in some areas and collapse in others, with 
some overgrowth of connective tissue and small 
semicrescents of fibroblasts which we term 'alveolar 
membranes'. The trachea and bronchi show basement 
membrane thickening with many subacute inflam- 
matory cells beneath. The tracheal muscle measured 
10 mm which, when corrected for crown to rump 
length, was considerably above the 100th centile. 


Discussion 


When dealing with an aberration of growth, the 
question of cause and effect and function on structure 
becomes more and more complicated as more is 
learnt about the subject. This applies to the whole of 
the respiratory tract. In general, the more rapidly 
growing a tissue, the more susceptible it is to growth 
modification both in deformation and reformation. 

In our series, the large number of children younger 
than 6 months (63 out of 74), suggests that these 
tracheal changes occur very early and points to the 
vulnerability of young children to respiratory 
disease. How long lasting and potentially harmful 
these changes are is difficult to assess. 

Of the 74 cases analysed, 47 come into the category 
of cot deaths, an example of which is given in 
Case 2. Here, respiratory distress was present from 
birth with severe hacking cough. At necropsy, 
pulmonary oedema and obstructive tracheo- 
bronchitis were thought to be the cause of death, and 
the length of his membranous trachea was above the 
95th centile. Respiratory tract disease plays an 
important role in children who die unexpectedly, but 
many of the histopathological changes found— for 
example necrosis of the vocal cord—*~? can still not 
be evaluated. 

Tracheal enlargement in children with respiratory 
diseases poses several questions: Is this a congenital 
or an acquired anomaly? What is its role in recurrent 
respiratory episodes? Can it be prevented? The 
evidence for this being a congenital anomaly is 
inconclusive. The early onset of symptoms in 17 
children could be an indirect pointer towards this 
being a congenital anomaly. However, the possibility 
that the greatest tracheal deformity may be directly 
related to duration of symptoms indicates that an 
acquired element is in operation. 

An analagous situation exists between distended 
lower airways—that is bronchiectasis—and disease 
of the respiratory system, particularly pertussis, 
pneumonia, and measles.*-!* The abnormalities 
described there occur in the muscular and elastic 
tissue of the bronchial wall.? Our findings in the 
trachea are in keeping with stretching of all tracheal 
tissues, but more so in the membranous part where 
muscle and elastic tissues predominate, than in the 
cartilage. 

Do these changes have any bearing on later 
disease? It is a common observation that, as ‘chesty’ 
children grow up, many lose their proneness to chest 
illness, but Colley!4 showed that there is a link 
between childhood respiratory disease and recurrent 
chest problems in adults. Furthermore, the idea that 
the expanded trachea in childhood may be the 
beginning of greater tracheal distension in adults 
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with recurrent respiratory tract disease is suggested 
by the reports of ‘megatrachea’. Mounier-Kuhn!? 
first described this entity and there have been further 
reports from Jiménez Diáz!*, Doyle et a/.,!* Rouan,!? 
Katz et al.,!? Levowitz et al., Johnston and Green,?! 
and McKerron and Hewitt.?? Their suggestion that 
the disorder is of congenital origin is much more 
tenuous than is ours, since their youngest patient 
reported was just 7 years old. 

Enlargement of airways has several deleterious 
effects on the efficiency of the respiratory system 
which could well predispose to a deterioration in 
respiratory function—for example, without a com- 
mensurate increase in lung capacity there is an 
increase in dead space volume which reduces the 
volume of air available for gas exchange; and unless 
ciliary action in conjunction with mucus secretion 
and circulation are improved, the clearing efficiency 
of the air purger is reduced. It is perhaps of some 
significance that in one of our cases (Case 2) there 
was some squamous metaplasia. 

An important potential hazard to respiration lies 
in the lengthening in the posterior membrane. 
During expiration this membrane could conceivably 
move freely into the tracheal lumen causing a partial 
or total obstruction. While this state of affairs has 
been recognised in adults,??—?5 it has not, as far as we 
are aware, been a feature of childhood respiratory 
embarrassment in conditions other than tracheo- 
oesophageal fistula, but the history of Case 3 could 
fit this concept. 

This study has given us a hint that elongation of 
the posterior membrane, and the distended trachea, 
may have their beginnings in early childhood and 
may have a bearing on adult disease. 
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Efficacy of orally administered salbutamol and 
theophylline in pre-schoolchildren with asthma 


R C GROGGINS, W LENNEY, A D MILNER, AND G M STOKES 


Department of Child Health, Queens Medical Centre, University of Nottingham 


SUMMARY Oral administration of salbutamol and theophylline has been shown to be effective in 
relieving bronchoconstriction in asthmatic children aged between 3 and 5 years. Changes in 
respiratory function were monitored using a Wright's low range peak flow meter and a modification 
of the forced oscillation technique. A combination of both drugs in half doses was as effective as 
either alone. Nebulised salbutamol produced considerable further improvement in lung function. 


Asthma affects up to 10% of pre-schoolchildren and 
is often, although inappropriately, described as 
recurrent wheezy bronchitis.'^? Wheezing attacks at 
this age are most conveniently treated with oral 
medication using either $ adrenergic stimulants or 
xanthine derivatives. It is now well established that 
5-2 stimulants are effective when given by inhalation 
down to age 18 months,? but to our knowledge, no 
double-blind controlled study has been performed to 
assess objectively the effectiveness of orally admini- 
stered drugs in the pre-schoolchild. We therefore set 
out to investigate the bronchodilator properties of 
two oral preparations, salbutamol, a 9-2 stimulant, 
and theophylline, a xanthine derivative. 


Material and methods 


Subjects. 15 children, 9 girls and 6 boys, aged 2 
years 11 months to 5 years 8 months (median 3 years 
10 months) took part in the study. All had suffered 
from recurrent wheezing attacks with onset of 
symptoms between ages 3 months and 4 years 
(median 21 months). 

12 children had a family history of asthma and 
4 of them also suffered from eczema. 13 of the 
children had required admission to hospital at 
least once (range 1-7). Seven children had nebulisers 
at home and were treated with sodium cromoglycate 
solution and salbutamol respirator solution. One 
further child was treated with sodium cromo- 
glycate using a spinhaler, and the remaining 7 with 
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inhaled (4) or oral (3) salbutamol. All the children 
had previously undergone respiratory function 
testing and shown at least a 15% improvement in 
total respiratory resistance (RT) and peak expiratory 
flow rate (PEFR) after inhaling 2 ml 0-125% 
salbutamol respirator solution from a nebuliser. 


Apparatus. Two systems were used to assess lung 
function: 

Wright’s low range peak flow meter. This gives 
reproducible results of PEFR down to age 21 years. 
A modification of the forced oscillation technique. The 
technique is based on the principle that when a sine 
wave flow oscillation is applied to the respiratory 
system at the resonant frequency, the impedance to 
the oscillatory flow is due soley to the Rr, since at 
resonance the elastic and inertial components are of 
equal magnitude and opposite in sign. The apparatus 
has been described previously in detail.” 


Procedure. The children were studied on four 
occasions, always at the same time of day, and 
usually within a period of 2 weeks. All treat- 
ment was stopped for at least 12 hours before 
each session. On arrival in the respiratory unit, each 
patient was questioned about his recent health and a 
clinical examination was performed. Baseline 
measurements of heart rate, PEFR (best of three 
attempts using a Wright’s low range peak flow 
meter), and Rr using the modified forced oscillation 
technique were recorded. After resting for 15 
minutes. all investigations were repeated. Each child 
then received one of four oral treatments, and tests 
were carried out after a further 5, 15, 30, 60, 75, and 
90 mintues. Oral treatment was administered under 
double-blind controlled conditions and consisted of 
two syrups containing salbutamol, theophylline, or 
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placebo as shown in the Table. The theophylline 
was made up in a nonalcoholic solution containing 
10 mg/ml, so that a 20-kg child would receive 14 ml. 
The salbutamol syrup was diluted to 0:14 mg/ml, 
enabling identical volumes of each syrup to be used. 
At the end of the 90-minute period, each child 
inhaled salbutamol respirator solution from a 
commercially available nebuliser (Pari) using 1 ml 
0:555 solution diluted to 2 ml with water. All tests 
were repeated 10 minutes later. 


Results 


The children tolerated the medication well with the 
exception of one child who suffered nausea after all 
four treatments. 11 children preferred the sal- 
butamol/placebo rather than the theophylline/ 
placebo syrup. Heart rate was recorded in 11 of the 
children. The mean baseline reading in the treatment 
groups ranged from 106-2 to 110-7 beats/minute. At 
no time after oral treatment did the group mean 
exceed the baseline by more than 4 beats/minute. 
There was a mean rise of 13-7% in heart rate after 
nebulised salbutamol. 

Lung function on arrival at the unit tended to be 
worse on the day the children received theophylline, 
but differences between groups did not reach 
statistical significance (Figs 1, 2, and 3). During the 


Table Oral treatment regimens used for each child 





















Treatment Syrup A Syrup B 
1 Salbutamol (0-1 mg/kg) Placebo 
2 Placebo Theophylline (7 mg/kg) 
3 Salbutamol (0-05 mg/kg) Theophylline (3-5 mg/kg) 
4 Placebo Placebo 
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Fig. 1 Mean inspiratory Ry before and after the four 


oral treatments and after nebulised salbutamol. Results 
are expressed as a percentage of that expected for height. 
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Fig. 2 Mean expiratory Ry before and after the 
four oral treatments and after nebulised salbutamol. 
Results are expressed as a percentage of the expected 
inspiratory resistance for height.” 
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Fig. 3 Mean PEFR before and after the four oral 
treatments, and after nebulised salbutamol. Results 
expressed as a percentage of that expected for height.* 


next 30 minutes lung function improved after the 
three active preparations, but there was little change 
after the placebo syrups. Lung function results 
tended to show further improvement during the 
next 60 minutes in all four groups. There was a 
further improvement in respiratory function after the 
inhalation of salbutamol so that all mean inspiratory 
Rs then fell within 8-4% of the expected value. The 
expiratory Rys were consistently higher than inspira- 
tory. 

All treatment groups were significantly better than 
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placebo at 30 minutes (0:05—P 0-01), when 
results were expressed as a percentage of the mean of 
the two pretreatment results. Subsequently, all 
treated groups fared better than placebo, but the 
differences did not reach statistical significance. 
Although the improvement appeared (Figs 1, 2, and 
3) to be greatest after the theophylline, this finding 
was not apparent when the results were expressed as 
a percentage change from initial. 

The combined treatment appeared to be as 
effective as either salbutamol or theophylline given in 
full dose alone. 


Discussion 


This trial shows that both oral salbutamol and 
theophylline are effective in relieving airways 
obstruction in pre-schoolchildren with asthma. 
Spontaneous improvement tended to take place 
about 45 minutes after placebo so that improvements 
with active treatment did not reach statistical 
significance after that time. Nevertheless, we have no 
doubt that oral administration of these drugs is 
useful in young asthmatics. Our patients had fairly 
severe asthma and were selected as being likely to 
have airways obstruction on each attendance. It may 
be that children with mild episodic asthma would 
respond more strikingly. 

The improvement after inhaled  salbutamol 
suggests that the oral drugs produced only about 
half the maximum available bronchodilation. It may 
be that higher oral doses of salbutamol would 
produce further improvement without causing 
unpleasant side effects. Previous experience? makes 
it unlikely that the children could tolerate a much 
higher dose of theophylline. 

Combined treatment in half strength doses was as 
effective as single drug treatment. It is likely that the 
full dose of salbutamol and theophylline combined 
will achieve better results than either alone. Previous 
work? shows that in asthmatic children aged between 
6 and 10 years, continuous treatment produces better 


lung function and fewer symptoms than is obtained 
by intermittent treatment and it may be that this 
young group would also benefit from continuous 
therapy if symptoms are sufficiently troublesome to 
justify this. 

This study further supports the use of nebulised 
solutions in children responding poorly to oral 
therapy. 


We thank the children and their parents for their 
help with this project. 


We are grateful for financial support from the 
Asthma Research Council, and for additional help 
from  Glaxo-Allenbury Research Limited, and 
Rona Laboratories. 
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Peripheral insensitivity to thyroid hormones in a 
euthyroid girl with goitre 


JORMA MAENPAA AND KRISTIAN LIEWENDAHL 


Children’s Hospital and Department of Clinical Chemistry, Helsinki University Central Hospital, and 
Minerva Foundation Institute, Helsinki, Finland 


SUMMARY A 9-year-old girl was euthyroid with a small goitre, exophthalmos, scaphocephalic skull, 
minor sketelal abnormalities, and raised serum thyroid hormone concentrations. Other members of 
the family did not have goitres and their thyroid hormone levels were normal. From age 3 years the 
patient was treated for Graves’s disease, but after 4 years treatment was stopped because of enlarge- 
ment of the goitre. Despite increased serum thyroxine (T4), free T4 (FT4), and triiodothyronine 
(T3), basal serum TSH, and the TSH response to thyrotropin-releasing hormone (TRH) were 
normal. Pituitary refractoriness was present because full suppression of the TSH response to TRH 
was achieved only after daily administration of 500 ug thyroxine. Urinary excretion of hydroxy- 
proline, and the activity of red cell glucose-6-phosphate dehydrogenase remained normal when 
excess T4 was administered, demonstrating the tissue resistance to thyroid hormones. Peripheral 
lymphocytes were found to have nuclear receptors for T3 with normal affinity, but the relatively 
low binding capacity indicated that the biochemical defect might be a deficiency of nuclear receptor 
protein. The findings in this patient differ somewhat from previously reported cases of peripheral 
resistance to thyroid hormones. 





In recent years several euthyroid patients have been 


reported with end-organ insensitivity to thyroid Abbreviations: 


hormones. Members of families with hereditary Ka: equilibrium affinity constant of 
forms of peripheral resistance to thyroid hormones 13 
were studied by Refetoff et al. Agerbaek,? and G-6-PD:  glucose-6-phosphate dehydro- 
Lamberg ef al.? Sporadic cases of peripheral genase 
resistance syndromes have also been observed,‘-7 HOP: hydroxyproline 
including a case of TSH-induced hyperthyroidism LATS: long-acting thyroid stimulator 
caused by selective pituitary resistance to thyroid MBC: maximal binding capacity of T3 
hormones.5 According to Bernal er al. nuclear PBI: protein-bound iodine 
receptors for T3 which normally occur were absent TBGecap: X thyroxine-binding capacity of 
in lymphocytes from a patient with a severe form of thyroxine-binding globulin 
hereditary peripheral resistance syndrome. Lympho- TBPAcap: thyroxine-binding capacity of 
cytes from 3 patients with very slight forms of thyroxine-binding prealbumin 
hereditary peripheral resistance had nuclear receptors TRH: thyrotropin-releasing hormone 
with normal affinities for both T3 and T4, whereas TSH: thyrotropin 
the binding capacities for both hormones were ATSH difference between basal and 
relatively low, indicating that the primary bio- maximal TSH values in TRH 
chemical defect might be a slight deficiency of stimulation test 
nuclear receptors. As isolation of circulating T3: tri-iodothyronine 
lymphocytes is a convenient way of obtaining intact T3RIA tri-iodothyronine measured by 
human nucleate cells, this procedure was used to radioimmunoassay 

T4: thyroxine 
Department of Paediatrics, Aurora Hospital, Helsinki T4CPB thyroxine measured by com- 
JORMA MAENPAA, consultant paediatrician petitive protein-binding assay 
fon of Nuclear Medicine, Helsinki University Central T4RIA thyroxine measured by radio- 
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study thyroid hormone receptors in a girl with 
target organ insensitivity to thyroid hormones. 


Laboratory methods 


Serum protein-bound iodine (PBI) (0-31-0-63 
umol/l; 4-0-8-0 ug/100 ml) was measured using 
the Auto-Analyzer Technicon-56N method. The 
reference interval defined as mean + 2 SD is 
given in parentheses. Unless stated otherwise, the 
reference values were obtained from healthy adults. 
Our experience showed these are also valid for 
children over 3 years of age. Serum total thyroxine 
(T4CPB, 50-136 nmol/l; 3-9-10-6 ug/100 ml) and 
FT4 concentrations (30-85 pmol/l; 2-3-6-6 ng/100 
ml) were determined as previously described.!! Since 
1976 T4 has been measured by radioimmunoassay 
(T4RIA, 60-160 nmol/l; 4-7-12:4 ug/100 ml).?! The 
corresponding reference interval for FT4 using 
T4RIA is 36-107 pmol/l (2-8-8 -3 ng/100 ml). Serum 
T3 (1-2-2-9 nmol/l; 78-190 ng/100 ml) was 
assayed with a commercial method (T3RIA kit, 
Radiochemical Centre, Amersham, England). Thyro- 
globulin antibodies were determined by haem- 
agglutination technique and microsomal antibodies 
before 1976 with complement fixation, but since 
1976 a haemagglutination technique has been used. 
The other methods used were: TSH by radio- 
immunoassay (normal, 1:6-6:9 mU/L),? long- 
acting thyroid stimulator with the McKenzie 
bioassay (LATS),!? thyroxine-binding capacity of 
thyroxine-binding globulin (TBGecap | normal 
0:19-0:35 umol/I, thyroxine-binding capacity of 
thyroxine-binding prealbumin (TBPAcap, 1°4-5-0 
wmol/l),"* and urinary daily excretion of hydroxy- 
proline (HOP, age-dependent reference values). 
Red cell  glucose-6-phosphate dehydrogenase 
(G-6-PD, 1300-2400 IU/l) was determined at the 
Finnish Red Cross laboratory using standard 
method. The thyrotropin-releasing hormone (TRH) 
stimulation test was carried out by giving 7 ug/kg 
synthetic TRH IV (Novo Industri A/S, Denmark) 
and drawing blood samples for TSH determination 
before, and 20, 60, and 120 minutes after the 
injection. In our laboratory the TSH response to 
TRH is considered normal when the difference 
between the basal and maximal TSH values (ATSH) 
is 3-30 mU/I. 

Nuclear binding of T3 in lymphocytes was studied 
using an in vitro method.!? Intact lymphocytes were 
isolated from venous blood and incubated in a 
medium with incremental concentrations of labelled 
T3. Equilibrium was achieved after 2 hours' incuba- 
tion whereupon the nuclei were isolated and analysed 
for their T3 and DNA contents. The free T3 
concentration was calculated from the known 


specific radioactivity of labelled hormone added. 
These data were analysed using Scatchard's method 
for estimating the equilibrium affinity constant (K.) 
and the specific maximal binding capacity (MBC). 
We had previously studied a population of 15 healthy 
adults," but as our patient was 9 years old, three 
children of about the same age were investigated for 
control purposes. These were three boys aged 11, 13, 
and 14; they did not have goitres or a history of 
thyroid disease. No sex differences in T3 receptor 
characteristics have been observed in this laboratory 
nor have they been reported from other laboratories. 


Case report 


History. The girl was born after 35 weeks? gestation, 
birthweight 2050 g and length 44 cm. At one day 
she had tremors and slight respiratory distress and 
was admitted to hospital. The symptoms persisted 
for 8 days but no aetiological factor was found. She 
was discharged without symptoms at age 5 weeks. 

The first child of the family had been born 
prematurely, birthweight 2070 g, and died of 
respiratory distress at age 2 days. There is no family 
history of thyroid disease. 

The patient's development was somewhat retarded, 
as she did not begin to walk and speak until age 
18 months, but the parents considered her healthy. 
At the age of 1-4 years she was examined because of 
scaphocephalic skull shape and exophthalmos. 
Skull x-ray showed open sutures. Routine haemato- 
logical tests were normal. Serum PBI was high, 
1-16 umol/1 (14:75g/100 ml), but at the time this 
did not elicit further investigation. A year later 
PBI was 1:05 umol/l (13:3 ug/100 ml). Hyper- 
thyroidism was now suspected and she was admitted. 

On examination, aged 2:9 years, the child was 
lively and alert and had slight finger tremor. Her 
height, 88 cm, was —1:8 SD and her weight, 10-1 kg, 
was —2:0 SD from the median. She had a scapho- 
cephalic head with frontal bossing, exophthalmos, 
and lid retraction, but no orbital or lid oedema 
(Fig. la, b). The thyroid was moderately enlarged 
with estimated weight 25 g. Its consistency was soft 
and there were no palpable nodules. A systolic 
murmur was heard over the left sternal border, BP 
was 145/70 mmHg. Pulse rate was 88-128. The chest 
was somewhat asymmetrical due to prominence of 
the left side with weak pectoral muscles, and she had 
winged scapulae. The 4th metacarpals were short 
and the toes were anomalous (Fig. 2). A skeletal 
x-ray showed the bone age to be 3 years and no 
epiphyseal abnormalities. Hearing, vision, and eye 
grounds were normal. Karyotype was 46 XX. 
Psychometry at the age of 8 gave an IQ of 96 
(Wechsler Intelligence Scale for Children, verbal 99 
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(b) 


Fig. l(a) The patient at age 2-9 years; note 
exophthalmos. (b) Note the small goitre, and 
scaphocephaly 








Fig. 2. Anomalies of the fourth toes. 


and performance 94). Her school achievement has been 
below that of the other two children in the, family. 

Serum PBI was 1:21 mol/l (15-3 ug/100 ml), 
T4CPB 187 nmol/l (14:5 ug/100 ml) FT4 136 
pmol/l (10:6 ng/100 ml), urinary excretion of 
HOP 0-30 mmol/24 h (39 mg/24 h), normal value 
at age 3 years 0: 15-0 : 35 mmol/24 h (20-46 mg/24 h), 
and thyroidal 24 h uptake of radioiodine 26-8% 
(reference interval 16-41 %). There was no LATS 
activity, and no circulating antibodies to thyro- 
globulin or microsomes. Despite the normal urinary 
excretion of HOP and normal thyroidal radioiodine 
uptake, the diagnosis of hyperthyroidism was made 
because of the goitre, the eye signs, and the mild 
tremor in combination with the high thyroid 
hormone concentrations. Treatment was started with 
a 20-mg per day dose of carbimazole. Four months 
later, when serum T4CPB was 50 nmol/l (3:9 
4/100 ml), thyroxine was added, starting with 55 ug 
per day and increasing the dose to 110 ug within 
three months. The laboratory data during treatment 
are presented in Table 1. It was difficult to evaluate 
the patient's clinical state because she was shy and 
frightened during the visits to the outpatient 
department. The parents’ reports were more in 
keeping with euthyroidism than hyperthyroidism 
throughout the period of treatment. After 3:6 years 
of treatment serum T3 was raised although serum 
T4CPB had fallen to normal. When the carbimazole 
dose was reduced to 10 mg per day after 4-2 years of 
treatment, T4CPB again rose to a thyrotoxic level 
and treatment with thyroxine was stopped. During 
treatment the thyroid size increased to approximately 
twice its initial size and serum TSH was found to 
be very high (80 mU/I). When the carbimazole dose 
was reduced, serum  TSH also decreased. 
Carbimazole medication was then stopped and the 
patient was referred to an endocrinologist. 


210 Mäenpää and Liewendahl 


Table 1 
resistance to thyroid hormones 


Thyroid function tests made during carbimazole and thyroxine treatment in a patient with peripheral 


—————————————————————Ááá 





Age (years) 
a 
2.9 3.1 3.4 4.2 5-3 6.5 7-1 7-4 
a a LECT AT I tiie a DRM 
Carbimazole mg/24 h 20 20 10 15 15 10 
L-thyroxine pg/24 h 110 110 
T4CPB (50-136 nmol/l) 187 50 142 194 111 83 204* 192* 
FT4 (30-85 pmol/l) 136 199+ 
T3 (1-2-2-9 nmol/l) 4-0 5-5 
TSH (1-6-6-9 mU/l) 80 43 20 5-4 
TRH test: (A TSH 3-30 mU/1) 98 16-2 


Figures in parentheses indicate reference intervals (mean + 2 SD). *T4RIA reference interval 60-160 nmol /l. TFT4 based on T4RIA 


reference interval 36-107 pmol/l. 


Conversion: SI to traditional units—T4: 1 nmol/l «a 0-078 pg/100 ml; T3: 1 nmol/l « 65 ng/IO0ml. 


After discontinuing therapy for the suspected 
hyperthyroidism, the following laboratory investiga- 
tions were performed. Binding capacities of thyroid 
hormone transport proteins in serum were 
determined twice. TBGeap was 0:29 and 0-29 
umol/l, and TBPA,4, was 1:9 and 2-5 u.mol/l. 
Urinary excretion of HOP determined at the age of 
8-2 years was 0-60 mmol/24 h (79 mg/24 h),—that 
is normal for her age (0:30-0:65 mmol/24 h). 
Normal red cell G-6-PD activity was found (2440 
IU/lI). Because of her vegetative lability the urinary 
excretion of adrenaline and noradrenaline was 
measured; the result, 0-14 umol/l, is normal for 
her age. The adequacy of all urinary collections was 
confirmed by determining the creatinine content of 
the urine. 

The pituitary-thyroid interaction was studied 
using the T3-suppression test 7 weeks after stopping 
carbimazole therapy. Treatment with a dose of 20 Ug 
T3 every 6 hours for 7 days suppressed the thyroidal 
24 h radioiodine uptake only from 66 to 62°%. Basal 
serum TSH decreased from 5:4 to 4:5 mU/I and the 
TSH response to TRH fell from 16:2 to 14:8 mU/I 
(A TSH). Serum T4RIA decreased from 179 to 
154 nmol/l (13-9 to 11-9 ug/100 ml). 


Treatment with thyroxine. Therapy with incremental 
doses of T4 was started in order to reduce the size of 
the thyroid and to test the tolerance of the peripheral 
tissues (for the latter purpose the parents’ consent 
was obtained). The size of the thyroid was normal by 
palpation at the end of treatment. When the patient 
received T4 400 ug per day the urinary excretion of 
HOP was 0:52 mmol/24 h (68 mg/24 h)—that is 
normal for her age, and the red cell G-6-PD activity 
(1710 U/I) also normal. On T4 500 ug per day, TSH 
response to TRH was absent; on T4 600 ug per day 
slight symptoms and signs of hyperthyroidism were 
observed (Table 2). 


Lymphocyte studies. A single set of saturable T3 
binding sites in lymphocyte nuclei was found. 
The estimated K, value was 3:5 x 10!? |/mol and 
the MBC value 26 fmol/mg DNA. The three 
euthyroid control subjects of a similar age had K, 
values ranging from 2:3 to 3:8 x 10" l/mol 
(mean 3:1) and MBC values from 44 to 66 fmol/mg 
DNA (mean 56). 


Family studies. The parents and the siblings (an elder 
sister and an elder brother) were clinically euthyroid 


Table 2 Thyroid function tests made during thyroxine treatment in a patient with peripheral resistance to thyroid 








hormones 
— ——— P —— HM 
Thyroxine T4RIA FT4 T3 TRH test 
(60—160* (36-107 (7-2-2-9 (ATSH 3-30 mUJjl) 
Dose Duration nmol/l) pmol/l) nmol/l) ac 
(ug/24 h) (weeks) 0 20 min 60 min 120 min 
None 179 (204)t 211 (303)t 5.8 (11. 5)t 5.4 17 22 20 
100 4 208 <1-6 17 15 6.0 
200 4 3.4 24 17 9.5 
300 4 1-8 24 9-1 5-2 
400 4 335 363 <1-6 5-0 4-5 2-2 
500 5 340 531 10-6 <1-6 2-4 2-0 


*Reference interval (mean + 2 SD), 1120 min after injection of TRH. 
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and nongoitrous. Their serum thyroid hormone con- 
centrations were normal and they had no circulating 
thyroid antibodies. There was no history of 
consanguinity. 


Discussion 


When seen at about age 3 years the girl was 
considered to be suffering from slight hyper- 
thyroidism. The diagnosis was based on goitre, 
exophthalmos, lid retraction, tachycardia, finger 
tremor, poor weight gain, and high serum thyroid 
hormone concentrations. In retrospect, the exoph- 
thalmos was probably caused by the scaphocephalic 
skull and the lid retraction by excess sympathetic 
tone, which also explains the tachycardia and finger 
tremor. The initial diagnosis of hyperthyroid 
Graves's disease must therefore be rejected, a 
conclusion supported by later clinical and laboratory 
findings. 

Some possible explanations for the peculiar 
findings in this case deserve consideration. Neoplastic 
production of TSH can be excluded in the light of 
the long history, the normal skull x-ray, and the 
normal eye grounds. The binding capacities of TBG 
and TBPA were normal and the raised thyroid 
hormone levels cannot therefore be due to increased 
binding to these transport proteins. Inappropriate 
T4 and T3 radioimmunoassay levels are sometimes 
due to circulating thyroid hormone autoantibodies 
present in various thyroid conditions, particularly in 
chronic lymphocytic thyroiditis.!9 7° This possibility 
was ruled out in our patient by demonstrating 
similar T4 concentrations with both the T4CPB 
ethanol extraction method and direct T4RIA. 
Neither was the level of nonspecific binding unusually 
high in the T3RIA. 

The combination of raised thyroid hormone 
concentrations and clinical euthyroidism indicates a 
peripheral refractoriness to the action of these 
hormones. The lack of response of hydroxyproline 
excretion and red cell G-6-PD activity to large 
amounts of thyroxine demonstrated the refractori- 
ness of connective and erythropoetic tissues. This 
peripheral insensitivity also includes the anterior 
pituitary, since serum TSH was normal despite the 
increased thyroid hormone level. The pronounced 
insensitivity of the pituitary was apparent when T3 
in a dose of 80 ug per day for one week resulted in 
only a 17% decrease in serum TSH, and a 
concomitant decrease in the thyroidal radioiodine 
uptake of only 6%. With thyroxine the TSH secretion 
was suppressible only after the administration of 
400 ug daily. Complete suppression of TSH is 
normally achieved with less than 250 ug thyroxine 
per day, even in adults. In order to elicit very slight 


symptoms of hyperthyroidism, as much as 600 ug 
thyroxine per day had to be given—much more than 
is needed to induce factitious hyperthyroidism even 
in adults. During treatment with carbimazole the 
functional integrity of the pituitary-thyroid negative 
feed-back system was demonstrated; when the serum 
thyroid hormone levels decreased, the secretion of 
TSH was stimulated and the TSH response to TRH 
exaggerated. As a consequence of the increase in 
TSH the thyroid was further enlarged. 

Our patient obviously belongs to the group of 
patients with various degrees of peripheral resistance 
to thyroid hormones, but her clinical appearance is 
not similar in all respects to that of the sporadic and 
familial cases previously described. She did not have 
loss of hearing or delayed bone maturation and 
therefore differs from the clinically much more severe 
form of familial peripheral resistance described by 
Refetoff et al.! She bears a closer resemblance to the 
sporadic cases reported by Lamberg? and Bode 
et al. but differs from these because of skeletal 
changes. Weight gain was modest in our patient but 
the growth failure as reported by Schneider et a/.9 
in a 13-year-old boy with peripheral resistance was 
absent. The relationship between the bone 
abnormalities seen in our patient and the peripheral 
resistance to thyroid hormones demonstrable also in 
connective tissue remains obscure. 

This patient had one set of saturable nuclear 
binding sites for T3 in lymphocytes similar to our 
findings in normal adults.!° The estimated affinity 
constant also equalled that of healthy subjects. 
Interestingly enough, the number of receptor sites 
was less than half the mean number observed in 
three age-matched controls. The binding charac- 
teristics of these control children did not vary 
significantly from those of the adults, although it 
cannot be ruled out that lymphocyte receptors in 
younger children might have different binding 
properties. Studies on lymphocytes from newborn 
rats indicate such a possibility." When the T3 
binding data on this patient are compared with 
those on control subjects available (3 children and 
15 adults), the probability of MBC 26 fmol/mg 
DNA being abnormally low is at the level of 0-05 
> P >0-:01. This is in conformity with the relatively 
low T3 binding capacity observed also in lymphocyte 
nuclei from three members of a family with very 
slight forms of peripheral resistance syndrome.!? 


The possibility that the decreased apparent 
binding capacity could result from a higher degree 
of saturation of nuclear receptors with endogenous 
hormone due to the raised serum T3 level must be 
recognised. This is very unlikely, however, since two 
independent studies demonstrated that the binding 
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capacity was normal in hyperthyroid patients, many 
with substantially higher serum T3 concentrations 
than the subjects with peripheral resistance.!9 18 

The possibility that circulating lymphocytes might 
not correctly reflect the receptor status of other cells 
in patients with peripheral resistance also needs 
consideration. In a patient with a hereditary form 
of this syndrome, high affinity receptors were absent 
from lymphocytes whereas such receptors were 
detected in fibroblasts.? This finding is particularly 
surprising as this patient had severe skeletal abnor- 
malities but no signs of lymphocytic dysfunction. 

Since a sporadic case of peripheral resistance 
syndrome? with a normal concentration of T3 
receptors in lymphocytes!? has also been observed, 
it seems as if there could be different underlying 
defects in these syndromes. Since no conclusive 
evidence for the existence of a nuclear receptor 
defect in the various peripheral resistance syndromes 
so far studied has been provided, the location of the 
biochemical defect might be at a point in the 
mechanism of thyroid hormone action subsequent to 
binding at the nuclear receptor. 


We are grateful for grants for this study from the 
Nordic Insulin Fund, Copenhagen, Denmark. 
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Fetal thyroid hyperplasia, rhesus isoimmunisation, 
and amniography 


D M O BECROFT, W M I SMEETON, AND J H STEWART 


Department of Pathology, and Department of Radiology, The National Women’s Hospital, Auckland, New 
Zealand 


SUMMARY Thyroid hyperplasia was identified at necropsy in 16 of 70 cases of haemolytic disease of 
the newborn due to rhesus isoimmunisation dying in the years 1959-76. No hyperplasia was found 
in the thyroids from 140 nonrhesus-affected infants matched for date of birth, bodyweight and 
length, and gestation, or in cases of haemolytic disease born before 1966. All 16 infants with thyroid 
hyperplasia had received intrauterine transfusions and the iodine-containing contrast media used for 
preliminary amniography were the only goitrogenic factors identified. Lipiodol, first used in 1966, was 
considered to have the greatest effect. The 16 infants with hyperplastic thyroids were less mature and 
smaller than 22 infants with normal thyroids who had been similarly exposed to contrast media. 
The high incidence of hyperplasia may be due to immaturity of the adaptive mechanisms which 


allow most normal individuals to escape the goitrogenic effects of iodine compounds. 


In a preliminary report in 1976 we described the 
finding of hyperplasia of the thyroid glands in some 
infants with haemolytic disease due to rhesus 
isoimmunisation.! Thyroid hyperplasia had not 
previously been described in association with this 
disease. All infants had received intrauterine 
transfusions, a procedure introduced by Liley at the 
National Women's Hospital in 1963.? We suggested 
that the use of iodine-containing contrast medium for 
preliminary amniography (amniofetography) was 
the likely cause of the thyroid abnormality, although 
there were many other similarly treated infants with 
normal thyroids. We have made a more detailed 
study of infants with haemolytic disease dying at the 
same hospital between 1959 and 1976. 


Material and methods 


We reviewed the histology of the thyroid glands of 
334 rhesus-affected infants examined at necropsy at 
the National Women's Hospital between January 
1959 and April 1976. The majority were stillbirths in 
whom tissues were autolysed, but histological 
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interpretation was possible in glands from 70 cases. 
A control series of sections of thyroid glands from 
140 nonrhesus-affected infants was then obtained, 
2 from each of the 70, matched for gestation (+ 1 
week) and crown to heel length (+ 2 cm), these being 
the next 2 liveborn or stillborn infants with well- 
preserved glands, by name in alphabetical order, of 
necropsies for each year. The sections of all 210 
thyroid glands were coded and examined ‘blind’. 
Clinical and radiological records and the remaining 
histopathological material from the 70 rhesus- 
affected infants were then reviewed. 


Results 


Histology of 210 thyroid glands. 194 thyroids were 
assessed as normal for gestation and these were 
found to include all 140 glands from control infants. 
Thyroid follicles varied in size but most of them were 
round, filled with pale-staining colloid, and lined by 
cuboidal or flattened cells with uniform nuclei and 
little cytoplasm (Fig. la). 16 glands, all from rhesus- 
affected infants, showed hyperplasia (Fig. 1b and c). 
Follicles had variable sizes and irregular shapes, and 
the lining cells were columnar, many had hyper- 
chromatic nuclei or were dividing. There were many 
intrafollicular papillary projections. Colloid was 
either absent or much diminished. The change 
was diffuse and there was no nodule formation 
or inflammatory cell reaction. Some of the 


213 


214 Becroft, Smeeton, and Stewart 


Fig. 1 


Photomicrographs of histological sections of 
(a) a normal neonatal thyroid gland and, (b) and (c) 
hyperplastic glands from rhesus-affected infants after 
amniography x 100. 


hyperplastic glands had been visibly enlarged. 
Latterly, glands were weighed and in Fig. 2 the 
weights of 5 hyperplastic glands are compared with 
those from 40 nonrhesus-affected infants. 

Because thyroid hyperplasia had been found only 
in cases of rhesus isoimmunisation, further study was 
restricted to the latter disease. 


Analysis of 70 rhesus-affected infants. The hyper- 
plastic glands were from 16 (40°) of 40 infants born 
after 1965 and no hyperplasia was found in 30 
infants born earlier (Fig. 3). All infants examined in 
1974—76 had hyperplastic glands. 

Other data on the infants with and without 
thyroid hyperplasia are presented in the Table. 
Infants with hyperplastic glands were of lesser 
median gestation and body size; there was an 
unexplained male predominance among those with 
normal glands; other differences were insignificant. 
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related to body weight, of 5 rhesus-affected infants in 
which thyroid hyperplasia was identified and of 39 
randomly selected nonrhesus-affected infants with normal 
thyroid histology. 
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Fig. 3 Incidence of thyroid hyperplasia in 70 infants 


with haemolytic disease of the newborn dving between 
1959 and 1976. 


Three possible reasons for thyroid hyperplasia 
were investigated. 


Maternal factors unrelated to rhesus isoimmunisation 
There was no history of thyroid disease or treatment 
for thyroid disease in mothers of infants both with 
and without thyroid hyperplasia. No drugs with 
known effects on thyroid function had been given to 
mothers in either group. Several drugs had been 
given more often to the mothers of the infants with 
thyroid hvperplasia but none was common to all. 
The most common was ampicillin, given pro- 
phylactically after amniocentesis to 11 mothers. 
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Severity of haemolytic disease 

All 16 infants with hyperplastic thyroids had 
received intrauterine transfusions because their 
haemolytic disease was severe. In comparison 15 of 
the 40 infants without thyroid hyperplasia received 
intrauterine transfusions. 16 others had cord blood 
Hb —8:0 g/dl and therefore were severely affected, 
although for various reasons they did not have 
intrauterine transfusions. 

The pathological findings in other organs of the 
16 infants with hyperplastic thyroids were those 
expected in severe haemolytic disease which had been 
modified by intrauterine transfusions—that is, a 
variable severity of subcutaneous oedema, effusions 
into serous cavities, visceral and intravascular 
erythroblastosis, hepatic and splenic haemosiderosis, 
lipid accumulation in the fetal adrenal cortex, and 
placental oedema. However, equally severe changes 
were found in a larger number of infants who had 
normal thyroids. Eight infants with thyroid hyper- 
plasia had hyperplastic islets of Langerhans, but this 
change was also found in 12 infants with normal 
thyroids. Sections of pituitary glands were available 
from 5 infants with hyperplastic thyroids and no 
differences were detected between these and pituita- 
ries fromrhesus-affected infants with normal thyroids. 


Management of haemolytic disease 

All infants with hyperplastic thyroids had received 
at least one intrauterine transfusion. The blood 
transfused is unlikely to have affected thyroid 
function in all cases, whereas the associated radio- 
logical procedures provide a very likely explanation. 
The practice at the National Women’s Hospital? is to 
perform amniography at the first diagnostic 
amniocentesis with, according to the size of the 
fetus, 3 to 6 ml of iodised oil (Lipiodol Ultra-fluid,* 
containing 37 to 39% by weight of combined 
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iodine) mixed with 12 to 20 ml of water-soluble 
contrast medium (76% Urografin,; containing 37 7, 
iodine by weight). At the later intrauterine trans- 
fusion at least 2 ml Urografin was injected into the 
fetal peritoneal cavity to help in the localisation of 
the catheter. Urografin alone was used for the 
preliminary amniography before 1966. Further 
intraperitoneal Urografin was given at subsequent 
transfusions, but additional intra-amniotic contrast 
medium rarely was required. 

Information on the use of contrast media was 
available for 68 of the 70 cases. All 16 infants with 
hyperplastic thyroids had been exposed to contrast 
media in utero compared with 22 infants exposed 
among 32 with normal thyroids, a difference unlikely 
to have occurred by chance (P —0-025). AII infants 
with hyperplastic thyroids had been exposed to 
Urografin, but with one exception there was a 
record that this had been in combination with 
Lipiodol. Thus, only one of 10 infants apparently 
exposed to Urografin alone showed thyroid hyper- 
plasia, compared with 15 cases with hyperplasia 
from 28 infants exposed to both Lipiodol and 
Urografin, a highly significant difference (P <0-003) 
which indicates that the addition of Lipiodol had a 
major effect. 

The reason why only some infants exposed to 
contrast media were affected was then considered. 


Analysis of 38 infants exposed to contrast media. The 
16 infants with hyperplastic thyroids were compared 
with the 22 with normal thyroids who had also been 
exposed to contrast media in utero (Table). 


Severity of disease 
As expected in cases requiring treatment by intra- 
uterine transfusions, all had the pathological 
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Table Data on 70 infants with haemolytic disease due to rhesus isoimmunisation 





With thyroid hyperplasia 


(n — 16) 
Sex: male : female 7:9 
Stillborn 2 
Liveborn 14 

Median Range No.t 
Maternal age (years) 26 21-36 15 
Previous pregnancies 3 1-10 14 
Gestation (weeks) 30 28-33 16 
Birthweight (kg) 1-60 1-38-2-48 15 
Crown to heel length (cm) 39 34-546 16 
Age at death (liveborn) (hours) 11 1-5-6f 14 


With normal thyroids 


All infants (n=54*) Infants exposed to contrast 


media (n= 22) 


38:16 13:9 
77 4t 
41+ 177 
Median Range No.t Median Range No.t 
27 20-39 53 27 21-40 22 
3 1-10 53 3 1-8 22 
35 26-40 50 33 27-37 21 
2-22 0-81-4-15 53 2:17 0-81-3-67 21 
45 34-53 42 45 34-51 21 
9.5 0-5-70 i 41 23 0.5-701 16 


———————————————————————————— n ]et Ua 


*Includes one set of twins, t number with reliable information, tupper limit in days. 
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features of severe disease and there were no 
differences between the two groups. 


Maturity and size of infants 

The infants with hyperplastic thyroids were born 
at significantly shorter gestations than those with 
normal thyroids (P —0-:05) and had correspondingly 
lower weights and crown to heel lengths. 


Number of transfusions 

The number of intrauterine transfusions ranged 
from 1 to 5. A mean of 1-8 transfusions had been 
given to the 13 cases with hyperplastic thyroids in 
which this information was reliably recorded, 
compared with a mean of 2-5 transfusions given to 
I5 infants who had normal thyroids. 


Dose of contrast media 

Although intra-amniotic and intraperitoneal doses 
were within the ranges previously quoted, the exact 
amounts were often not stated and total doses in the 
two groups could not be compared. In the single 
example of hyperplasia believed to follow the use of 
Urografin only, the dose of 42 ml was the largest 
recorded. 


Absorption and dispersal of media 

There was insufficient radiologica! data to allow 
comparison of fetal swallowing and other dispersal 
of media in the two groups. 


Duration of exposure 

In 12 infants who had thyroid hyperplasia after 
Lipiodol and Urografin had been used in combina- 
tion, the median interval between the first amniogram 
and delivery was 19 days (range 4-70), little different 
from the median of 20 days (range 3-96) for 12 
infants with normal thyroids. Delivery was 20 days 
after the first amniogram in the single case with 
hyperplasia after Urografin alone, compared with a 
median of 16 days (range 2-30) in 9 infants without 
hyperplasia after Urografin alone. 


Discussion 


The only constant association found on review of 
these cases of thyroid hyperplasia and rhesus 
isoimmunisation was that their severe haemolytic 
disease required treatment by intrauterine trans- 
fusions. The thyroid hyperplasia is unlikely to be a 
further manifestation of the endocrine abnormalities 
found in severe haemolytic disease because it was 
absent in an even larger number of severely affected 
infants, and it was not observed in affected infants 
before 1966. A relationship to a change in medical 
management occurring about 1966 appears more 


likely. The only change identified was the introduc- 
tion of Lipiodol Ultra-fluid into amniography, and 
the coincidence reinforces the likelihood that the 
hyperplasia was caused by the goitrogenic effect of 
iodine released from the contrast medium and 
absorbed either from the fetal gut or perhaps from 
the skin.4 

There have been many reports of the induction of 
congenital goitre by iodine-containing compounds, 
and hypothyroidism has been identified in some 
surviving infants. Wolff? reviewed 25 cases of 
congenital goitre due to maternal ingestion of 
inorganic or organic iodine compounds and other 
reports of substantial numbers of similar cases have 
continued." Wolff? noted the high incidence of 
histological hyperplasia in iodine-induced goitres 
in the newborn, but his suggestion that this might 
occur frequently at this age from other causes is not 
borne out by the control series of the study, or by 
our experience of neonatal thyroid histology in 
general. Iodides, above a critical dose, inhibit 
hormone formation in the thyroid glands of man and 
animals, the Wolff-Chaikoff effect, the mechanism of 
which remains uncertain.? If the effect is prolonged, 
thyroid enlargement develops because of stimulation 
by pituitary thyroid-stimulating hormone (TSH). 
The effect appears to be rapid because the least 
degree of histological abnormality detected in our 
survey was in an infant dying only 4 days after 
amniography. 

Other studies of thyroid function in newborn 
infants after amniography support our observation 
that Lipiodol has a much greater effect than water- 
soluble contrast media. Rodesch er a/? who used 
12 ml Lipiodol and 30 ml meglumine diatrizoate 
(Angiografin) found that 6 of 7 infants exhibited a 
pronounced increase in serum TSH levels on the 
Sth day of life, and in 2 cases hypothyroidism of 
short duration was confirmed by the association of 
increased TSH levels with decreased T4 levels. In 
contrast Morrison ef al. found no abnormality of 
the levels of serum T4 and T3-resin-uptake in the 
cord bloods of 25 infants born after amniography 
with Urografin alone. Ranke es al! described 
goitre and hypothyroidism in an infant born 3 weeks 
after amniography with Lipiodol and a water- 
soluble contrast medium. Two other cases of 
neonatal hypothyroidism were reported after 
accidental injection of contrast media, including 
Lipiodol, into the fetal subcutaneous tissues during 
amniography.'* The greater effect of Lipiodol is 
most likely due to its persistence in the amniotic 
cavity and on the fetal skin until birth, providing 
continuous exposure to iodide, whereas water- 
soluble media are cleared rapidly. Other factors 
which might be contributory are greater instability 
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leading to release of more free iodine, greater 
absorption, with or without degradation in the fetal 
intestine, and differing rates of clearance from the 
fetal circulation by the placenta. 

The absence of thyroid hyperplasia in other 
infants who were exposed to Lipiodol and Urografin 
for a similar time may be due to the well-known 
individual variability in responsiveness to iodine. 
The mechanism of the usual rapid 'escape or 
adaption' of hormone secretion from the inhibitory 
effects of excess iodide is poorly understood, but it is 
associated with a decrease in iodide transport into 
the gland. The failure of a minority of individuals to 
show such adaption is in part genetically- 
determined,!? but genetic factors alone are unlikely 
to have determined the hyperplastic response found 
in 40% of the infants born between 1966 and 1975. 
Glands stimulated by TSH are more sensitive to the 
Wolff-Chaikoff effect, and blood TSH levels are high 
during the latter half of pregnancy.!* Immaturity of 
the adaptive response is another possible explanation 
which is supported by the lesser gestations of those 
infants who did have a hyperplastic response. The 
alternative explanation, that the smaller size of these 
infants was a reflection of a greater dose of contrast 
medium relative to body weight, could not be 
examined in detail because of lack of data on the 
quantities of contrast media used. Since, on average, 
the infants with normal thyroids received more 
transfusions than those with hyperplasia a dose- 
related effect is unlikely, but the number of 
transfusions is irrelevant if Lipiodol is the major 
factor and is given only at the first transfusion. All 
thyroid glands studied in the years 1974—76 were 
hyperplastic, causing suspicion of a high free-iodine 
content of batches of media in use at that time, but 
no further information could be obtained. 

Although histological changes were impressive, 
the enlargement of the thyroid glands of our cases 
was slight in comparison with the massive goitres 
which have developed after prolonged maternal 
ingestion of iodides, and there was none of the 
anatomical consequences of such enlargement. The 
consequences of hypothyroidism, however transient, 
are more difficult to assess. The deaths of all infants 
were adequately accounted for by the severity of 
their haemolytic disease or the effects of prematurity. 
Nevertheless, hypothyroidism would suppress 


bilirubin conjugation in surviving infants and the 
effects on the nervous system and other develop- 
mental processes are unpredictable. Amniofeto- 
graphy with Lipiodol provides valuable information 
for the management of severe haemolytic disease and 
in other clinical situations, but a further assessment 
of the consequences on thyroid function is necessary 
before the procedure can be regarded as without 
harmful effects on the fetus. 
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Plasma androgens after a single oral dose of 


testosterone undecanoate 


GILLIAN GEERE, JENNIFER JONES, SHELIA M ATHERDEN, AND D B GRANT 


The Institute of Child Health, London 


SUMMARY Total plasma androgens (PA) were measured in 9 hypogonadal males aged between 13 
and 214 years after a single oral dose of testosterone undecanoate (TU). With the exception of one 
patient, all showed a rise in PA with peak values between 7-7 and 38-0 nmol/l at 2 to 7 hours. A 
further patient aged 15-7 years who was given an 80-mg dose had a peak PA level of 71-2 nmol/l. 
In all patients PA returned to basal levels at 24 hours. In 4 patients plasma testosterone and dihydro- 
testosterone were measured, both rose after oral TU, and relatively high plasma dihydrotestosterone 
values were obtained. While these results indicate that TU is effective in young people, the very 
high peak androgen levels found in several of them after 40 mg TU suggest that this dose may be 
excessive in patients in whom growth is not complete. 


Treatment with androgen is generally necessary in 
boys with hypogonadism to produce normal 
secondary sexual development at adolescence. While 
satisfactory results can be obtained with fairly low 
doses of testosterone esters given by injection every 
4 to 6 weeks, an effective oral preparation would be 
more convenient. Testosterone undecanoate (TU) 
(Organon Laboratories), a lipid-soluble preparation 
which is absorbed into the intestinal lymphatics and 
which does not have the hepatotoxic effects of 17a- 
methyl-testosterone, has been used with success in 
hypogonadal men.!-? However, there is no informa- 
tion on the appropriate dose for younger people. The 
plasma androgen levels after a single dose of 
testosterone undecanoate in 10 young hypogonadal 
males are described. 


Subjects and methods 


Ten males aged between 13 and 214 years were 
studied. Clinical details are given in Table 1. In 9 
of them previous surgical exploration for un- 
descended testes had shown bilateral remnants of 
vas with either no recognisable testes (Cases 1-7) or 


The Hospital for Sick Children, London 
GILLIAN GEERE, biochemist 

SHELIA M ATHERDEN, chief technician 

D B GRANT, consultant paediatrician 
The Institute of Child Health, London 
JENNIFER JONES, technician 


Table 1 Clinical details of the 10 patients given 
testosterone undecanoate. Basal values for serum LH 
and FSH are also given. 














Case Age Height Weight Diagnosis Serum Serum 
(vears) (cm) (kg) LH FSH 
QUI) | QUJl) 
l 13.9 158 41 Anorchia 15 -40 
2 14-5 157 57 Anorchia 10 -40 
3 14-5 153 39 Anorchia 5 -40 
4 15-7 165 48 Anorchia 23 -40 
5 16-7 176 67 Anorchia 13 -40 
6 18-5 191 75 Anorchia 9 40 
7 21-5 182 64 Anorchia H1 -40 
8* 13-0 144 39 Gonadotrophin 
deficiency Zi | 
9 16-6 178 65 Gonadotrophin 
deficiency <l <4 
10 20-0 161 62 Gonadotrophin 
deficiency e <l 


*No previous treatment with testosterone. 


very small hypoplastic testes (Cases 9 and 10). 
Surgical exploration had not been carried out in one 
boy with undescended testes associated with 
gonadotrophin deficiency and hyposmia (Kallman’s 
syndrome). Nine of them had already been treated 
with a depot preparation of testosterone oenanthate 
(100-250 mg every 4 to 8 weeks) for 1 to 3-4 years. 
These patients, none of whom had shown 
spontaneous pubertal development before treatment, 
were studied 4 to 6 weeks after their last injections. 
After collection of a basal venous blood sample, a 
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single dose of testosterone undecanoate was given 
orally between 0930 and 1030 hours after a normal 
breakfast. Further blood samples were taken 2, 4, 7, 
and 24 hours later. Nine patients were given 40 mg 
TU and a dose of 80 mg was given to one patient 
(Case 4). 

Total plasma androgens (PA) were measured by 
radioimmunoassay in all the samples after extraction 
with ether:hexane (4:1) In 4 patients plasma 
testosterone (T) and dihydrotestosterone (DHT) 
were assayed separately after chromatography of the 
plasma extract on celite microcolumns and elution 
with 10% ethyl acetate in iso-octane (DHT fraction) 
and 20% ethyl acetate in iso-octane (T fraction).*~4 
In general the PA values were lower than the 
combined values for T and DHT (PA 0-78 (T + 
DHT) + 0:8;r 0:99). This can probably be explained 
by the lower affinity of the antiserum for DHT, 
resulting in an underestimate of the DHT contribu- 
tion to the PA results. 

Using these assays the mean (+ 1 SD) plasma 
androgen levels in 8 healthy adult men were as 
follows: PA 16:3 + 3:1 nmol/l; T 13:1 + 3:3 
nmol/l; DHT 2:8 + 0:9 nmol/l. The average 
DHT:T ratio was 0:28. 

Luteinising hormone (LH) and follicle-stimulating 
hormone (FSH) were estimated in serum by double 
antibody radioimmunoassay using the MRC 
standards 68/40 and 69/104 respectively. 


Results 


Tota! androgens (Table 2). There was a rise in PA 
after administration of TU in all but one patient 
(Case 6). The timing of the peak value varied but in 
all patients the PA levels had returned to basal 
levels 24 hours later. There was considerable 
variation, from 7:7 to 38-0 nmol/l, in the peak 
concentration after 40 mg TU. The only patient to 
be given 80 mg dose (Case 4) had a very high PA 
level, 71-2 nmol/l at 2 hours, but this was not 
sustained. 


Testosterone and dihydrotestosterone. In the 4 
patients investigated (Cases 2, 4, 7, and 10), both T 
and DHT levels increased after administration of 
TU (Table 3). The DHT:T ratios varied between 
0:4 and 3:1, and were much higher than the ratios 
found in normal men. There was no evidence of any 
consistent change in the DHT:T ratio at different 
times after TU administration. 


LH and FSH. The basal LH and FSH values are 
given in Table 1. Three patients had very low values, 
indicating the presence of hypogonadotrophic 
hypogonadism. The remainder had grossly raised 
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Table 2 Total plasma androgen levels (nmol/l) after 
testosterone undecanoate 











Case Time (hours) 
0 2 4 7 24 
l 0-2 T7 1-9 0-3 0.4 
2 0-6 7-0 11-0 15-5 1-5 
3 1-1 13-2 8-8 3-9 — 
4* 0-9 72-2 24.5 6.2 0-5 
5 0-5 7.5 5.3 10-5 1-5 
6 1-0 1-0 1-2 1-0 1-0 
7 2:7 5.5 9.7 7.0 2.5 
8 0-4 29.9 1-2 1-6 0-2 
9 1-2 9-8 10-2 1-8 1-1 
10 1-1 38-0 19-0 12-0 EN 
*80 mg testosterone undecanoate given. 
Conversion; SI to traditional units—PA: | nmoi/l œ 0-288 ng/ml. 
Table 3 Plasma testosterone (T) (nmol/l) and 


dihydrotestosterone (DHT) (nmol/l) in 4 patients after 
testosterone undecanoate 











Case Time (hours) 
2 4 7 
: 
Testosterone (nmol/l) 1-0 T3 c 
Dihydrotestosterone (nmol/l) 3.1 8.6 8-9 
4* 
Testosterone (nmol/l) 62-0 19-2 23 
Dihydrotestosterore (nmol/l) 28.0 7.8 5.2 
- 
Testosterone (nmol/l) 3 $.5 5.4 
Dihydrotestosterone (nmol/l) 5.2 ~ 39 5-6 
10 
Testosterone (nmol/l) 29.8 9.2 5-8 
Dihydrotestosterone (nmol/l) 15.4 10-6 5-1 


*80 mg testosterone undecanoate given. 
Conversion: SI to traditional units—T and DHT: 1 nmol/l « 0-288 
ng/ml. 


FSH values, indicating primary hypogonadism. 
Basal LH levels were moderately increased and there 
were no consistent changes after TU. 


Discussion 


It is already well established that testosterone 
undecanoate given by mouth is effective in raising 
plasma androgen levels in adult men. For example, 
Nieschlag et a/.° found that plasma androgen levels 
rose in normal men 4 to 5 hours after 100 mg 
testosterone undecanoate had been given by mouth 
in arachis oil, and Franchimont et al? found that 
plasma testosterone,  dihydrotestosterone, and 
androstenedione rose in a group of hypogonadal 
men, while plasma LH and FSH fell. The present 
study was carried out to evaluate the plasma 
androgen levels occurring in younger males after 
administration of testosterone undecanoate. The 
results show that this preparation is effective in 
young men with hypogonadism. All but one had 
rises in plasma androgens, but in several the peak 
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plasma levels were much higher than would be 
expected in normal men. There was also considerable 
variation in the timing of the peak androgen level but 
in all but one a rise was apparent 2 hours later, and 
by 24 hours the plasma levels had returned to basal 
values. 

In the 4 patients in whom both T and DHT were 
measured, the peak plasma DHT values were very 
much higher than would be expected in normal men, 
and similar results were reported by Hirschháuser 
et al} 

We expected that plasma LH would be suppressed 
after testosterone undecanoate administration, but 
no consistent changes were found after a 40-mg dose. 
This may be due to the relatively brief increase in 
plasma T in our study, as Franchimont et al.? found 
progressive suppression. of plasma LH during 
continued administration of testosterone unde- 
canoate to hypogonadal men. 

While these results do not permit any conclusions 
on the place of testosterone undecanoate in the long- 
term management of adolescent boys with hypo- 
gonadism, they suggest that a 40-mg dose may be 
excessive, particularly in the early stages of treatment. 
Very high plasma androgen levels were obtained 
with this dose and it is possible that these could lead 
to disproportionately rapid bone maturation. The 
short-lived effect of a single dose may not be a 
disadvantage as T secretion is episodic in adolescent 
boys? and the metabolic effect may persist as a 
result of tissue binding. The high plasma DHT levels 
also call for caution when treating young patients 
with this preparation. There is some evidence that 
the metabolic effects of T and DHT differ in different 
tissues, for example muscle,^ and the relative 
importance of DHT in adolescent growth and bone 
maturation is still not clear. 


We thank Mr D R Thomas, Organon Laboratories 
Ltd for the supply of testosterone undecanoate. 


J J is supported by a grant from the MRC and 
G G by grants from Organon Laboratories, the 
Smith, Kline, and French Foundation, and the Joint 
Research Board of The Hospital for Sick Children 
and Institute of Child Health. 
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Renal tubular acidosis and nerve deafness 


D B DUNGER, D P BRENTON, AND A R CAIN 
Royal United Hospital, Bath, and Universit y College Hospital, London 


SUMMARY Two brothers are described with renal tubular acidosis and nerve deafness: the elder 
also had rickets and hypokalaemia. The parents were unaffected. Studies of urinary acidification 
and bicarbonate excretion were consistent with a distal tubular abnormality. This report strengthens 
the view previously proposed in similar cases that nerve deafness and renal tubular acidosis con- 
stitute a genetic entity. Examination for nerve deafness is indicated in any child with renal tubular 


acidosis. 


Renal tubular acidosis (RTA) is a syndrome of dis- 
ordered tubular function, characterised by a sustained 
metabolic acidosis with hyperchloraemia, and an 
inappropriately high urinary pH. Classical RTA 
(type 1) is a distal tubular defect with impaired 
hydrogen ion secretion. Bicarbonate excretion is 
generally only a small fraction of filtered bicarbonate 
(<5%), but rather greater amounts of bicarbonate 
(6-9 75 of filtered bicarbonate) are excreted by some 
children and this may be a distinct subgroup.! Type 2 
renal tubular acidosis is characterised by defective 
bicarbonate reabsorption in the proximal tubule. 
The renal tubular abnormality may be an isolated 
defect of bicarbonate reabsorption? or there may be 
other abnormalities of tubular function, as in 
Fanconi’s tubular disorders. 

Classical (type 1) RTA is most commonly a 
sporadic condition and it is known to occur in 
association with a variety of disorders including 
hyperglobulinaemic states and some other inherited 
conditions—for example, Ehlers-Danlos syndrome,? 
hereditary elliptocytosis,! and osteopetrosis.® Some 
of these other genetic associations may be fortuitous 
as classical (type 1) RTA may itself be a familial 
condition with a dominant inheritance. A syndrome 
of distal renal tubular acidosis with nerve deafness 
was first described by Royer and Broyer® 10 years ago 
in 3 unrelated patients. Other sporadic patients have 
been described’ but there is evidence that the 
condition is inherited as an autosomal recessive 
condition. Cohen ef al.8 described two sibships 
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each with parental consanguinity, both sibships 
coming from a single large kinship. Konigsmark? also 
found the condition in siblings and altogether there 
have been descriptions of 14 cases. 

This paper describes two brothers with the 
syndrome of RTA and nerve deafness and the data 
obtained from them support the findings of Doncker- 
wolcke er al.!? that the renal abnormality is confined 
to the distal tubule. 


Case reports 


The family pedigree is shown in Fig. 1. Plasma 
bicarbonate levels of the parents and siblings 
were normal. Early morning urine specimens showed 
normal acidification. Their hearing tests were also 
normal and nephrocalcinosis was not found on plain 
x-rays. The pedigree could not be investigated 
further as the grandparents still live in Jamaica. 


Case 1 (born October 1969). The second child of West 
Indian parents with a normal birth history and a 
birthweight of 3-2 kg. He first presented at age 20 
months with a history of anorexia, constipation, and 


Renal tubular acidosis 
with nerve deafness 


Fig. | Pedigree of affected siblings (Cases 1 and 2). 
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delayed motor development. He was unable to walk 
because of severe rickets. Polydipsia was also noted 
at the time, but his blood chemistry was unremark- 
able, except that the plasma Cl was 113 mmol/l and 
HCO, 16 mmol/l. The rickets proved resistant to 
treatment with vitamin D but there was some doubt 
about how much treatment he received at home. 
He was readmitted at age 3 years weighing 9:1 kg 
with a height of 81:5 cm. His condition had been 
deteriorating with respect to energy and appetite. 
The rickets was still active (Fig. 2a) and there was 
x-ray evidence of nephrocalcinosis. Biochemical 
results were as follows: plasma Ca 2:15 mmol/l 








(8:6 mg/100 ml), P 0:9 mmol/l (2:8 mg/100 ml), 
alkaline phosphatase 44 KA units/100 ml, Na 138 
mmol/l, K 2:2 mmol/l, CI 114 mmol/l, HCO, 14 
mmol/l, and urea 5:3 mmol/l (31 :9 mg/100 ml), 
arterial pH 7:34, base excess — 13:5 mmol/l. Plasma 
creatinine normal. Urinary amino-acids normal. No 
glycosuria. A diagnosis of RTA was made and 
treatment started with sodium bicarbonate orally, | g 
three times a day being the initial maintenance dose. 
On this treatment alone he improved clinically and 
x-rays showed his rickets to be healed in May 1974 
(Fig. 2b), his alkaline phosphatase having fallen to 
23 KA units/100 ml. 


Fig. 2 Case I. (a) Active 
rickets in October 1972. 


(b) Healed rickets in May 1974. 


At a further admission for investigation of the renal 
pathophysiology at age 7 years his height was 1-13 m 
(3rd to 10th centile) and weight 22:5 kg (on the 50th 
centile). The acidosis was controlled with NaHCO;, 
| g each day (2:13 mmol/kg). Nephrocalcinosis was 
still present, but not increased. His growth curve 
showing catch-up growth is illustrated in Fig. 3. His 
rickets had remained healed. 

Speech development was retarded at the first 
admission. Nerve deafness was demonstrated at age 
4 years and hearing aids prescribed (Fig. 4). 


Case 2 (born January 1974). The third child in the 
sibship and the brother of Case 1. He was born after 
a normal pregnancy and delivery with a birthweight 
of 2-92 kg. At age 3 months he presented with 
vomiting, weight loss, constipation, and polyuria. 
There was no x-ray evidence of rickets or nephro- 
calcinosis. Plasma urea 10 mmol/l (60-2 mg/100 ml), 
Na 143 mmol/l, K 3:7 mmol/l, Cl 113 mmol/l, 
HCO, 13 mmol/l, Ca 2:54 mmol/l (10 mg/100 ml), 
P 2-0 mmol/l (6:19 mg/100 ml), alkaline phos- 
phatase 21 KA units/100 ml. Urinary amino-acids 
normal. No glycosuria. A diagnosis of RTA was 
made and treatment started with sodium bicarbonate, 
the eventual maintenance dose being 1 g three times 
a day. 


Boys height 





0 2 4 6 8 10 12 14 16 18 
Age (years) 


Fig. 3 Case l. Catch up growth after the control of 
acidosis with sodium bicarbonate. 
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Fig. 4 Audiometry, (a) Case 1 at age 7-3 years, 
(b) Case 2 at age 3-7 vears. Open circles, right ear; closed 
circles, left ear. 


He was admitted again at age 2:9 years when 
his height was 88 cm and weight 12:150 kg. The 
acidosis was well controlled with 1 g NaHCO, 
three times a day. Nerve deafness had been suspected 
from an early age, and was confirmed by audiometry 
(Fig. 4). Hearing aids were prescribed. 


Results 


Renal investigations. The brothers were admitted to 
hospital for 7 days and oral bicarbonate was omitted 
for that period. 


Glomerular filtration rate (GFR). This was estimated 
by creatinine clearance in both patients. Case l: 
creatinine clearance, 99 ml/min per 1-73 m”. Case 2: 
creatinine clearance, 64 ml/min per 1:73 m?. 
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Maximum concentrating ability. This was assessed 
after a period of water deprivation and was found to 
be reduced in both patients. Maximum urinary 
osmolality in Case 1 was 560 mmol/kg water, and in 
Case 2 it was 580 mmol/kg water. 


Urinary excretion of calcium and tubular reabsorption 
of phosphate. Urinary excretion of calcium was 0:07 
mmol/kg (2:8 mg/kg) per 24 hours in Case 1, and 
0-05 mmol/kg (2:0 mg/kg) per 24 hours in Case 2. 
Renal tubular phosphate reabsorption was 91% 
normal in Case 1 and 95% normal in Case 2. 


Urinary acidification. During spontaneous acidosis, 
urinary pH was matched against capillary Astrup 
estimations. High urinary pH values were observed 
right down to plasma HCO, values of 10 mmol/l 
(Fig. 5). 

Ammonium chloride loads (100 mmol/m?) were 
given as described by Edelmann et a/. Comparison 
with normal data (Table) shows a high urine pH and 
an impaired excretion of NH4* and titratable acidity 
in both cases. 


Bicarbonate reabsorption and excretion. Sodium 
bicarbonate 8:4% was given by continuous infusion 
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Fig. 5 Urinary pH values and plasma bicarbonate 
concentrations in Cases 1 and 2 after stopping treatment 
with sodium bicarbonate. 


Table Data on plasma and urine 3 to 5 hours after 
oral ammoniun chloride (100 mmol/m*) 








Plasma Urine 
pH Base pH TA NHa* NHa* 
excess (umol/ (umol/ (umol) 
(mmol/T) min per min per 100 ml 
1-73 m2) 1-73 m?) glomerular 
filtrate) 
Case 1 7-27 —11:1 6-81 10:1 27-96 24-95 
Case 2 7-15 —16-6 7:11 7-5 37-6 23-1 
*Controls 7-29 — 9-1 4-87 50 80 65 
(SE= (SE= (SE— 
3-1) 3-7) 5-7) 


—,, 
*Data on normal subjects from Edelmann et al.11 
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Fig. 6 Urinary bicarbonate excretion in Cases 1 and 2 
in relation to plasma bicarbonate. 


calculated to give a rise of 2 mmol/l per hour until 
normal plasma bicarbonate levels were reached.!! 
Bicarbonate was present in the urine of Case 1 at 
plasma bicarbonate concentrations between 13 and 
26 mmol/l, and in the urine of Case 2 at plasma 
bicarbonate concentrations between 10 and 24 
mmol/l. 

Bicarbonate excretion was always 3% or less 
of the filtered bicarbonate (Fig. 6). 


Discussion 


Most cases of renal tubular acidosis to have been 
reported (type 1) were detected in adult life and were 
sporadic. Familial occurrences have been found and 
several pedigrees clearly show an autosomal 
dominant mode of transmission.!? 

The association of deafness with RTA (type 1) in 
children was first noted by Royer and Broyer. The 
family described here is the fourth recorded example 
of affected siblings and the first in the UK. The 
pedigrees of other reported families strongly suggest 
that the syndrome is inherited as an autosomal 
recessive trait. The pedigree shown in Fig. 1 is con- 
sistent with a recessive mode of inheritance, either 
sex-linked or autosomal. A dominant form of inheri- 
tance in which an abnormal gene is present in one 
parent without producing any clinical effect seems 
unlikely in view of the presentation of the disease 
and the consistent clinical findings in both brothers 
early in life. Nevertheless it is possible that one 
parent has an incomplete RTA!? which may be 
revealed only after ammonium chloride loading. 

The cause of the syndrome of nerve deafness with 
distal tubular acidosis is not known. Kaplan et al.” 
were unable to relate it to quantitative changes in red 
cell carbonic anhydrase or to changes in the electro- 
phoretic mobility of this enzyme in affected patients. 
An association with nerve deafness would seem to 
imply an abnormality in a metabolic step or event, 


common to both the renal tubular cells and the cells 
in the cochlea. 

The data obtained from the two brothers suggest 
that the renal abnormality is confined to the distal 
tubule. Despite severe degrees of systemic acidosis, 
the pH of the urine remained inappropriately high 
and bicarbonaturia persisted (Figs 5 and 6). The 
excretion of bicarbonate was <3% of the filtered 
bicarbonate at normal and subnormal plasma 
bicarbonate concentrations (Fig. 6). A combination 
of distal tubular acidosis and bicarbonate loss as 
described by Morris et al. can be excluded. The low 
amounts of alkali (2-13 mmol/kg in Case 1 and 2-9 
mmol/kg in Case 2) required to achieve sustained 
correction of the acidosis is consistent with a 
diagnosis of RTA type 1. 

With regard to the other features, failure to 
concentrate the urine maximally and the hypo- 
kalaemia (Case 1), the patients reported here do not 
differ from others with distal RTA not associated 
with nerve deafness. Rickets is also a well recognised 
complication of distal RTA although the cause of the 
rickets is not clear. Osteomalacia is a well recognised 
complication of distal RTA presenting in adult life 
and also of ureterosigmoidostomy! which too 
results in hyperchloraemic acidosis. In both the 
osteomalacia may be treatable with sodium bicar- 
bonate alone!97" as was the rickets in Case 1 
reported here. Perry et a/.!5 have recently described 
a case of severe osteomalacia in a patient after 
ureterosigmoidostomy in whom sodium bicarbonate 
alone did not heal the bone disease and in whom there 
was relative resistance to vitamin D2. The patient's 
bone disease responded well to lo-hydroxychole- 
calciferol in doses of 1—2 ug/24 h, suggesting a defect 
in renal hydroxylation of 25-hydroxycholecalciferol 
contributing to the bone disease. It is possible 
therefore that type 1 RTA with hyperchloraemic 
acidosis is associated with impaired renal hydroxyla- 
tion of vitamin D which at least in Some cases can be 
improved by correction of the acidosis with sodium 
bicarbonate. This speculation awaits confirmation by 
the appropriate plasma assays of 1,25 dihydrox- 
cholecalciferol in affected patients. 


We thank D C W Godwin, chief technician, Depart- 
ment of Clinical Biochemistry, Royal United 
Hospital, Bath, and the sister and staff of the 
children's ward of the Royal United Hospital, Bath. 
The late Professor C E Dent took much interest in 
these patients. 
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Short reports 


Zollinger-Ellison syndrome in a child: medical treatment with cimetidine 


D P DRAKE, A G MACIVER, AND J D ATWELL 


Wessex Centre for Paediatric Surgery, and Department of Pathology, Southampton General Hospital 


SUMMARY A 12-year-old boy presented with 
intestinal obstruction associated with duodenal and 
oesophageal ulceration. At laparotomy he was 
found to have an islet cell tumour in the right lobe of 
the liver. Gastroenterostomy was performed. Raised 
levels of serum gastrin were detected. Treatment 
with cimetidine has produced satisfactory control of 
his symptoms for 16 months, and is an acceptable 
alternative to total gastrectomy in childhood. 





The syndrome described by Zollinger and Ellison in 
1955! is rare in children. It is due to either single or 
multiple tumours composed of gastrin-secreting cells. 
Most tumours arise in the pancreas; a few are found 
adjacent to the pancreas.? This report describes the 
clinical and pathological details of a boy with 
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Zollinger-Ellison syndrome in which a gastrinoma 
was detected in the liver. Successful management has 
been achieved with cimetidine. 


Case report 


A 12-year-old boy weighing 35 kg presented in 
October 1977 with a 6-month history of intermittent 
epigastric pain, vomiting, and occasional haema- 
temeses. He had been passing several bulky stools 
each day for 12 months and had lost 7 kg in weight. 
There was no family history of endocrine disorder or 
peptic ulceration; his parents and three older siblings 
were alive and well. Physical examination showed 
epigastric tenderness but no other abnormality. 
Barium meal examination showed widening of the 
duodenal loop and dilatation of the proximal 


Fig. 1 Liver containing islet 
cell tumour. The tumour has 

a gyriform pattern. Haematoxylin 
and eosin X 360. 


Zollinger- Ellison syndrome in a child: medical treatment with cimetidine 


duodenum, while endoscopy showed inflammation of 
the lower oesophagus and focal duodenal ulceration 
with extensive acute inflammation. 

Duodenal obstruction necessitated laparotomy, at 
which was found an oedematous mass affecting 
the head of the pancreas and the second part of the 
duodenum. A white tumour, 4 cm diameter, in the 
right lobe of the liver was biopsied. Gastro- 
jejunostomy was performed. 

Histological examination of biopsies of stomach, 
duodenum, and jejunum showed mucosal oedema 
and acute inflammation of the superficial lamina 
propria throughout. Acute ulceration was present in 
the oesophagus, while the gastric antrum showed 
pronounced hyperplasia of the parietal cells. The 
liver biopsy contained a tumour, composed of 
ribbons of cells, which had the appearance of an 
islet cell tumour (Fig. 1). This was confirmed by 
EM examination which showed that most tumour 
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cells contained Jarge numbers of cytoplasmic 
vesicles, 300-350 nm diameter, with greyish, finely 
granular contents (Fig. 2). A few cells had densely- 
cored vesicles, 55 nm diameter, similar to the 
granules found in the «-cells of the islets of 
Langerhans. 

Postoperatively, up to 6 litres of gastric fluid a 
day were produced and further gastrointestinal 
haemorrhage necessitated a second laparotomy to 
under-run an anastomotic ulcer. 

Investigations showed faecal fat 86 mmol/24 h 
(24:4 g/24 h) (normal <18 mmol/24 h; 5-1 g/24 h), 
fasting serum gastrin 798 ng/l (normal <105 ng/l), 
and plasma pancreatic polypeptide 240 pmol/l 
(normal <100 pmol/l). Levels of gastric acid 
were high despite the previous gastrojejunostomy. 
The following were normal: serum calcium 2-18 
mmol/l (8:7 mg/100 ml), plasma glucagon 5 pmol/l, 
serum vasoactive intestinal polypeptide <5 pmol/l, 





Fig. 2. Portions of liver tumour cells containing many cytoplasmic vesicles. There is some minor variation in the 


size and in the electrondensity of their contents. x 11 200. 
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and glucose tolerance. Coeliac and superior 
mesenteric angiograms showed no abnormality. 
Ultrasound examination showed a single lesion in the 
right lobe of the liver. 

Intravenous cimetidine (6 mg/kg) quickly relieved 
his epigastric pain and he was therefore started on 
maintenance treatment with cimetidine, 1 g a day in 
divided doses. His condition continued to improve, 
with a return to a full diet and a weight gain of 23 kg 
over 12 months. He is now able to take part in all 
school activities. Fasting serum gastrin, 12 months 
after starting treatment, is still raised (420 ng/l and 
284 ng/l on consecutive days), but he is well and 
symptom-free. 


Discussion 


Pancreatic tumours are rare in childhood but 
insulinomas,? carcinomas of acinar and mixed 
origin,* and gastrinomas can occur.>“® The definitive 
diagnosis of gastrinoma usually requires demonstra- 
tion of high levels of gastrin in fasting serum, but 
detection of granules in the cytoplasm of tumour 
cells by EM examination can also help. There may 
however be some variation in granule size and the 
granules in our patient, who had vesicles measuring 
300-350 nm diameter, correspond to type II granules 
of Greider et a/.? Immunofluorescence and immuno- 
peroxidase techniques can be used to show the presence 
of hormone in the cytoplasm of tumour cells? but, 
once again, methods have had varied success.? The 
association of gastrinomas with neoplasms in other 
endocrine organs is now well established, but, ina 
review of 15 children with the Zollinger-Ellison syn- 
drome, none had a second endocrine tumour. How- 
ever, even single tumours can produce more than one 
pancreatic hormone? as, for example, in our patient 
who had raised levels of both gastrin and pancreatic 
polypeptide. Gastrinomas can occur in the pancreas, 
stomach, or duodenum’ but in some cases either a 
lymph node or a hepatic deposit was found without 
definite localisation of a primary pancreatic or 
periduodenal tumour.® While it is possible that such 
a tumour might arise in the liver, embryological 
remnants of pancreatic and gastric tissue are rare in 
this site and are not mentioned by Willis.!? 

The prognosis for the Zollinger-Ellison syndrome 
depends more on the effects of gastrin than on the 
degree of differentiation of the tumour. Assessment 
of malignancy by the cytology of tumour cells is an 
unreliable predictor of behaviour? but 60% of the 
tumours that have produced the Zollinger-Ellison 
syndrome are malignant, with metastases par- 
ticularly in the liver and lymph nodes.! Total 
gastrectomy has been found to improve prognosis, 
probably by the reduction of acid and secretin 


production both of which contribute to steatorrhoea 
and cause ulceration of oesophagus, stomach, and 
duodenum.? 1? There have been some reports of the 
treatment of adults suffering from Zollinger-Ellison 
syndrome with H,-receptor antagonists, such as 
metiamide and cimetidine,13—4 with a Satisfactory 
response in up to two-thirds of them. The immediate 
relief of symptoms and the subsequent clinical 
improvement in our patient shows that cimetidine is 
similarly acceptable in childhood as an alternative to 
total gastrectomy in the management of the Zollinger- 
Ellison syndrome if the tumour cannot be surgically 
excised. No side effects of treatment have been 
observed. 


We thank Dr Peter Johnston for referring his 
patient, and Dr Stephen Bloom for invaluable advice 
and for assays of gastrin, pancreatic polypeptide, 
glucagon, and vasoactive intestinal polypeptide. 
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Fracture of the femur, fish odour, and copper deficiency in a preterm 


infant 


I BLUMENTHAL, G T LEALMAN, AND P P FRANKLYN 


Department of Paediatrics, and Department of Radiology, Bradford Royal Infirmary 


SUMMARY A preterm baby boy with blood and bone 
changes of copper deficiency is described. Copper 
deficiency was suspected after fracture of the left 
femur during examination of the hip joint. A low 
serum copper concentration (2:7 wmol/l; 17:2 
ug/100 ml) and caeruloplasmin (0-04 g/l; 0-004 
g/100 ml) confirmed the diagnosis. Despite the 
introduction of solids at 18 weeks the copper 
concentration remained low, and treatment with 
copper sulphate (2:5 mg daily) was started at 6 
months. Treatment was stopped at 9 months, when 
he was both physically and developmentally normal. 

When given a choline-containing vitamin pre- 
paration (Ketovite) he developed a fish odour 
because of the accumulation of trimethylamine. 
Withdrawal of this preparation at 6 weeks and 
substitution with a choline-free preparation (Abidec) 
was soon followed by disappearance of the odour. It 
is speculated that prematurity rather than copper 
deficiency was responsible for the poor activity of 
liver enzyme, trimethylamine oxidase. 


Copper deficiency is rare in man, but has been 
reported in infants with malnutrition? and after 
parenteral nutrition.?? Only recently has pure copper 
deficiency in infancy been documented,*~* although 
for some time it had been known that copper 
deficiency occurs in a syndrome characterised by 
hypocupraemia, hypoferraemia, hypoproteinaemia, 
and oedema.? In previous reports copper deficiency 
was found after the investigation of anaemia. This is 
the only report where a fracture sustained during 
examination of the hip joint led to the diagnosis of 
copper deficiency. 


Case report 


After a normal pregnancy a 1-015-kg baby boy was 
born at 29 weeks by spontaneous vaginal delivery to 
an Asian primigravida. After transient tachypnoea 
he developed recurrent apnoea necessitating ventila- 


. tion and intravenous dextrose electrolyte solution 


from day 2 to day 5, formula feeds (Cow and Gate 
Premium) being fully established by day 8 (150 
ml/kg). Despite treatment with theophylline, apnoea 
continued and on day 17 he again required ventila- 
tion and intravenous dextrose electrolyte solution, 


maintenance requirement (200 ml/kg) of formula 
only being achieved by day 23. After a fall of 207; his 
birthweight was regained by one month. 

The haemoglobin at birth was 14-5 g/dl and by 
2 weeks had fallen to 8:4 g/dl, when a blood 
transfusion was given. Two further transfusions were 
required at 4 and 6 weeks. Vitamins (Ketovite) were 
added at 16 days and iron (Sytron) at 3 weeks. When 
a strong smell of fish developed Abidec (choline- 
free) was substituted for Ketovite and the smell 
soon disappeared. A subsequent challenge with 
Ketovite at 8 months failed to induce the odour. 

At 10 weeks, during routine examination of the hip 
joint, a click was felt and swelling of the left leg 
developed soon afterwards. X-ray showed a sub- 
trochanteric fracture, osteoporotic bones with 
periosteal reaction, and metaphyseal irregularity 
(Figure). Suspicion of copper deficiency led to the 
diagnosis at 15 weeks when the serum copper was 
2-7 umol/l and serum caeruloplasmin 0:04 g/l 
(Table). Solids were introduced at 18 weeks but 


Table Data obtained before and after starting 
treatment with copper at 24 weeks. Between 12 and 36 
weeks the normal values are copper 13-27 umol|l, and 
caeruloplasmin 20-60 mg/100 ml 























Week Copper Haemo- Leucocytes Protein (g/l) 
(yumolt/DJ globin (x 109/1)/ 
caerulo- (g/dl)/ neutrophils 
plasmin reticu- ( x 109JI) 
(mg/100 mI) locytes (94) 
9.5 
9 ollis 
5 
11-6 6.8 
11 —— —— 5-5 
n * 
2-7 
15 . 
4 
6-0 
21 —— 
9.7 
12-2 12-0 
24 = —— 6-1 
25 3-6 1-2 
. 12-1 11-6 
T 15-0 6-3 
45 1-9 4.9 
20: 12. 8.8 
33 zi a —— 6.2 
54 1-8 1-1 
——  Ü——— M ———wn——s ám —Á7H— 


Conversion: SI to traditional units—copper: 1 pmol/l œ% 6-37 pg/100 ml. 
Traditional to SI units—caeruloplasmin: 1 mg/100 ml œ 10 mg/l. 
Protein: 1 g/l « 0-1 g/100 ml, 
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copper concentration remained low and at 24 weeks 
treatment started (copper sulphate 2-5 mg daily). 
The effect of treatment on serum copper and other 
values is shown in the Table. When treatment was 
stopped at 9 months he was thriving and develop- 
mentally normal. 


Discussion 


Copper is a known constituent of many essential 
enzymes and deficiency in infancy is characteristically 
associated with haematological and skeletal changes. 
Unlike the blood changes, the bone changes in copper 
deficiency are similar to Menkes's syndrome (copper 
absorption defect), while the mental and other 
changes in Menkes's syndrome are not present. 

The bone changes in our patient were osteoporosis, 
periostitis, and metaphyseal spur formation, changes 
similar to scurvy and probably arising from the need 
for copper to convert ascorbic acid to its active form. 
The blood changes were anaemia, leucopenia, and 
neutropenia (<1-5 10?/] cells). Neutropenia is 
usually the first and sometimes the only manifesta- 
tion of copper deficiency.! 

Previous reports of copper deficiency have affected 
small (under 1500 g) preterm infants, who presented 
at 3 months with anaemia.?** Three preterm infants 
with blood and skeletal changes of copper deficiency 
have been described$ in whom chest x-rays for 
respiratory problems at 3 months led to its 
detection. We suspect the infrequency of blood and 
x-ray investigations in preterm infants after 3 months 
partly accounts for the apparent rarity of this 
condition. Two-thirds of copper stores are deposited 








Figure X-ray of hip joints at 10 weeks showing osteoporotic femora, periosteal reaction, and metaphyseal 
irregularity. A subtrochanteric fracture is present on the left. 


in the last trimester, making poor storage together 
with inadequate intake the most likely causes of 
deficiency. The range of copper requirement in 
infancy is between 200 and 500 ug/day and a reported 
failure’ to induce copper deficiency in preterm 
infants fed a low copper formula (15 ug/kg) is 
surprising, particularly as our infant received 
approximately 80 ug/kg (40 ug/100 ml). It should 
however, be noted that the infants of Wilson and 
Lahey‘ received low copper for only 2 months, and 
that copper absorption is determined not only by 
copper content but also by formula composition ; for 
example the quantity of zinc will influence the rate of 
copper absorption. 

This is the first report of copper deficiency with 
fish odour. This followed the accumulation of 
trimethylamine after choline ingestion and the 
association suggested that copper might be necessary 
for trimethylamine oxidase, a liver enzyme preventing 
trimethylamine accumulation. We subsequently 
showed that prematurity was the probable cause of 
poor enzyme activity. Administration of Ketovite to 
3 preterm infants of similar weights and ages induced 
fish odour in a single infant, who was not copper 
deficient. 


We thank Mr R Smith for help with the biochemistry 
and Mrs E W Hammill for typographical help. 
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Late cerebral relapse of congenital toxoplasmosis 


RICHARD O ROBINSON AND ROBERT J BAUMANN 


Department of Neurology, University of Kentucky Medical Center, Lexington 





SUMMARY Focal encephalitis occurred in a girl with 
activation of chorioretinitis which on clinical and 
serological grounds was taken to be caused by 
toxoplasma. The encephalitis and acute ocular 
inflammation resolved with treatment with pyri- 
methamine and sulphadiazine. This is presumably 
an example of reactivation of congenital cerebral 
toxoplasmosis. 





Congenital ocular toxoplasmosis may be exacerbated 
years after the initial infection.! It has been suggested 
that similar exacerbations of neurological toxo- 
plasmosis occur, *-* but these have been difficult to 
demonstrate. We describe an 8-year-old girl who 
had focal encephalitis associated with reactivation of 
ocular toxoplasmosis. We suggest this represents an 
example of reactivation of congenital central nervous 
system toxoplasmosis. 


Case report 


The patient had been born at term in eastern 
Kentucky after a pregnancy unmarred by maternal 
fever or lymphadenopathy. At 6 months strabismus 
had been noted, and at 3 years an optometrist 
diagnosed bilateral chorioretinitis. This was con- 
firmed 2 years later by an ophthalmologist who 
found her bilateral visual acuity to be 20/40. 

By the time she was aged 9, her school performance 
had deteriorated and her bilateral visual acuity was 
found to be 20/200. The left eye showed yellowish 
macular exudates with pigmentary irregularity and 


intraretinal oedema. A slight haze marred the 
overlying vitreous. Several small inactive scars lined 
the peripheral retina. The right eye had one large 
macular scar and several smaller peripheral ones, all 
appearing inactive. The optic discs seemed normal. 
The toxoplasma immunofluorescent antibody (IFA) 
titre was 1:64. Treatment with pyrimethamine and 
corticosteroids was offered but refused. She began 
to experience increasingly frequent headaches. Two 
months later she had five closely-spaced grand mal 
seizures. The first few were predominantly left-sided 
before becoming generalised. Immediately after the 
seizures she was afebrile, orientated, and co-operative. 
Her neck was supple and there were no focal 
neurological signs. The eye findings were similar to 
those described above. CSF obtained at lumbar 
puncture was under normal pressure but contained 
100 nucleated cells (all lymphocytes) /mm?, with a 
glucose concentration of 50 mg/100 ml (2:8 mmol/l), 
protein concentration 19 mg/100 ml, and IgG 
concentration of 2:8 mg/100 ml. Bacterial and fungal 
cultures were sterile and cryptococcal antigen was 
absent. Her serum toxoplasma IFA titre was 1:256. 
An EEG 18 hours after the last seizure showed right 
posterior temporal 0-5 to 1 Hz slow wave activity, 
which persisted in a second EEG 4 days later. Skull 
and chest x-rays, and CAT of the head were normal. 
Serum VDRL and FTA were nonreactive, serum 
rubella titre was less than 1:10, serum herpes titre 
was less than 1:8, and cytomegalovirus titre was 
positive only to 1:8 dilution. The girl’s mother had a 
serum toxoplasma IFA titre of 1:256. 

The child was treated with folinic acid, sulpha- 
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diazine, and pyrimethamine for 30 days and placed 
on phenytoin. 

During treatment her chorioretinitis became 
quiescent, and she had no further seizures. CSF 
obtained 2 months later contained 2 nucleated cells 
[/mm?, a protein concentration of 18 mg/100 ml, and 
a glucose concentration of 55 mg/100 ml (3:1 
mmol/l). It did not contain toxoplasma antibodies 
although her serum toxoplasma IFA titre remained 
at 1:256. An EEG done 3 months after the end of 
treatment was normal. Her visual acuity had 
improved to 20/50 (left) and 20/70 (right). The left 
macula showed a quiescent scar with early pigmenta- 
tion in place of the previously observed oedema and 
exudates. 


Discussion 


Exacerbations of ocular toxoplasmosis have been 
well described, occurring in 20 of 300 congenitally 
infected infants up to 20 years after birth.! The 
diagnosis in this girl was based on early strabismus, 
typical funduscopic appearance, antitoxoplasmic 
activity in blood, and failure to demonstrate any 
other known cause of chorioretinitis. Although the 
prevalence of acquired toxoplasmosis in eastern 
Kentucky is unknown, only 5% of children aged 
between 5 and 9 living in nearby Cincinnati had 
positive toxoplasma skin tests.! Chorioretinitis, a 
common sequel to congenital infection, is rarely the 
result of postnatal disease. Declining visual acuity, 
vitreous haziness, and intraretinal oedema indicate 
exacerbation of the congenital ocular infection. 

A similar course of events affecting the central 
nervous system was reported for only 2 children.! ? 
One (aged 9 years) presented with acute internal 
hydrocephalus caused by aqueductal stenosis, and 
the other (aged 8 years) with a seizure. Although in 
one child high CSF antitoxoplasmic activity was 
demonstrated,? in neither case was any other CSF 
finding reported. Evidence that the acute events were 
caused by inflammation is therefore lacking and 
other factors may have been responsible. In our case, 
the transient appearance of inflammatory cells in the 
CSF in conjunction with symptoms and EEG 
evidence of focal cerebral dysfunction after a flare up 
of congenital ocular toxoplasmosis suggests re- 
activation of central nervous system toxoplasmosis. 
This presumably took the form of recrudescence of a 
meningeal nidus, the subjacent inflammatory reaction 
inducing an epileptic focus. Berengo and Frezzotti? 
reported the unique experience of finding toxo- 
plasma-like organisms in CSF in 13 of 19 patients 
with acute ocular toxoplasmosis. Three of their 
cases clearly had exacerbations of congenital disease. 


If their findings are confirmed, patients with ocular 
toxoplasmosis may continue to harbour viable 
toxoplasma elsewhere in the CNS more commonly 
than hitherto supposed. 

Recrudescence presumably occurs by rupture of 
the pseudocysts. Concomitant exacerbations of 
ocular and cerebral toxoplasmosis could occur by a 
variety of mechanisms. Chronic infection may 
depend on a delicate immunological balance 
between the quiescent parasite and the host. As far 
as CNS toxoplasmosis is concerned, cellular 
immunity appears to be more important than 
circulating antibody in maintaining this balance.®-7 
Temporary depression in cellular immunity caused, 
for example, by an intercurrent viral infection could 
allow recrudescence wherever pseudocysts contain 
viable organisms. The apparent rarity of CNS 
recrudescence may be explained by comparative 
stability of pseudocysts, the relative inaccessability 
of the brain to circulating antibody, or simply by 
failure to perform spinal punctures on patients with 
ocular exacerbations. 

Administration of sulphadiazine and pyrime- 
amine was associated with apparent resolution of 
our patient's retinal and cerebral inflammation. 
However, it should be noted that these drugs do not 
kill the organisms and she may therefore be at risk 
from further exacerbations. 


This child's care was in part funded by a grant from 
the Growth and Development Branch of the 
Kentucky Bureau of Health Services, Division for 
Maternal and Child Health Services. 
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SUMMARY A patient with ‘warm type’ autoimmune 
haemolytic anaemia (AIHA) was also an asympto- 
matic carrier of hepatitis B virus (HBV). Although 
the direct antiglobulin test became negative after 
the anaemia had recovered spontaneously, anti- 
genaemia of HBV persisted and the serum trans- 
aminase level remained normal or borderline. AIHA 
has not previously been described in association 
with the asymptomatic carrier state of HBV. 

— Á— rM 


An association between infection and acute anaemia 
has long been noted.! Zuelzer et al.? suggested that 
occult viral infection (for instance, cytomegalovirus), 
might play a role in the development of autoimmune 
haemolytic anaemia (AIHA). We report a patient 
with AIHA who was an asymptomatic carrier of 
hepatitis B virus (HBV), and the relationship between 
AIHA, HBV infection, and a possible underlying 
immunological disturbance is discussed. 


Case report 


A 2-year-old Japanese boy was admitted on 1] 
July 1977 with a 2-week history of anaemia. He had 
previously been in good health and had no family 
history of anaemia or jaundice. Three weeks before 
admission he had an upper respiratory infection; 
2 weeks later his mother noticed his pallor and 
jaundice. On admission, he was pale and had some 
enlarged neck glands on the left side, but no hepato- 
splenomegaly. 

Hb 7:6 g/dl, RBC 2-49 x 10!2/1, haematocrit 
22:655, WBC 8:7 x 10?/l (normal differential), 
platelets 410 x 10?/l, reticulocytes 5-5 J» ESR 5 mm 
in the Ist hour; bone marrow, erythroid hyperplasia ; 
serum bilirubin 0:3 mg/100 ml (5:1 umol/l), lactic 
dehydrogenase 360 UJ/I (100-225)*, AST 30 U/I 
(7-40)*, ALT 43 UJI (<35)*, alkaline phosphatase 
469 U/I (70—250)*, total protein 6-4 g/100 ml 
(64 g/l), albumin 4:4 g/100 ml (44 g/l), prothrombin 
time 100%, and hepaplastin test 96 7e Direct 
antiglobulin test (DAGT) was positive; serum 
haptoglobin zero. The following tests gave negative 
results: osmotic fragility, Donath-Landsteiner, red 
*Normal values. 


cell fragility, serological test for syphilis, antinuclear 
antibodies, anti-DNA antibodies, and antithyroid 
antibodies. Cold agglutinin titre was normal. The 
RBC reacted with anti-IgG, anti-IgA, anti-« chain 
and anti-A chain serum, but not with anti-IgM or 
anti-C3 serum. The immunological findings were as 
follows; total number of lymphocytes 5-829 x 10°/I, 
E-rosette forming cells 83% (70-85)*, Ig-bearing 
cells 16% (5-20)*, IgG-Fc receptor-positive T-cells 
2% (2-8)*. Skin tests (mm)}; Candida sp. 12 (<5)*, 
PPD 4:5, PHA 18 (<5)*, serum immunoglobulin; 
IgG 1010 mg/100 ml (209-633)*, IgA 85 mg/100 ml 
(22-78)*, IgM 85 mg/100 ml (97-155)*, IgD 5 
mg/100 ml (0:7-17)*, IgE 1651 IU/ml (21-1244)*, 
serum complement; C3 68 mg/100 ml (64—116)* and 
C4 24 mg/100 ml (17-49)*. HBs-antigen (radio- 
immunoassay) was positive and anti-HBs antibody 
(passive haemagglutination) was negative in the 
serum. Liver biopsy was not performed. Serum titres 
to rubella, cytomegalovirus, adenovirus, Coxsackie 
A-9 virus, and mycoplasma were not raised. 

The patient’s mother had HBs- and HBe-antigen 
(micro Ouchterlony), and had normal liver function. 

The haemolytic anaemia improved spontaneously; 
the patient was therefore discharged from the 
hospital 3 weeks after admission with Hb 11-5 g/dl, 
reticulocytes 0-475, positive DAGT, AST 18 U/I, 
ALT 32 U/l and HBs-antigen positive. Three 
months later, the DAGT became negative. On 23 
January 1979, investigations showed Hb 12-0 g/dl, 
AST 48 U/l ALT 53 U/I, persistently positive 
HBs-antigen and negative anti-HBs antibody. 


Discussion 


AIHA is a rare complication of viral hepatitis.? 
Habibi et al.* stated that one of 80 children with 
AIHA was associated with hepatitis. There has been 
only a single case of latent hepatitis of type B 
accompanied by AIHA previously reported:? the 
patient we report seems similar to that case. In 
the former case HB-antigen disappeared from the 
serum soon after the cure of anaemia, but this did 
not occur in our patient. It is difficult to attribute 
immunological haemolysis to HBV infection or liver 
TDiameter of erythema at 48 hours. 
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damage in our patient, as speculated by Vachon 
et al. because liver function was normal or border- 
line, and HBV antigenaemia persisted even after the 
anaemia improved and the DAGT had become 
negative. The role of HBV in the pathogenesis of 
AIHA has thus been unclear. 

From many recent studies of type B hepatitis it is 
suggested that a defect of cell-mediated immunity 
may yield the carrier state of HBV. This hypothesis is 
consistent with the fact that newborn babies may be 
infected from their HBV-carrier mother, resulting in 
the persistent carrier state.’ Likewise, the role of 
cellular immunity in the pathogenesis of AIHA has 
become clearer. Krüger et al. suggested that an 
imbalance between reduced T-cells and increased but 
uncontrolled humoral immune response towards 
red cell antigens may lead to immunological 
haemolysis. 

Taking these suggestions into consideration, it is 
possible that in our patient AIHA was induced by an 
upper respiratory infection or some other agent, in 
the presence of an immunological defect which 
permitted the HBV carrier state. Further study will 
be necessary to confirm the relationship between 
persistent HBV antigenaemia and AIHA. Zuelzer 
et al have attached importance to cytomegalovirus 
as a Virus with which occult infection was observed in 
children with AIHA. It appears that attention 
should also be paid to HBV. None of the immuno- 
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logical tests in our patient showed any abnormality, 
nor was there any evidence of other autoimmune 
disease. 
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SUMMARY A  l4-month-old girl with invasive 
perineal amoebiasis is reported. There was destruc- 
tion of the anus, the rectovaginal septum, the pelvic 
floor, and the perineum. The rapid progress and 
destructive potential of perineal amoebiasis is noted 
and the benefits of diagnostic awareness emphasised. 
Treatment with metronidazole will prevent further 
damage. 








Amoebiasis may spread to affect the perineum or the 
female genitalia.'-® The lesions are often superficial 
and of long duration? but in children may be rapidly 
invasive.?? The infection can produce extensive 
ulceration around a colostomy or ileostomy.’ An 
undermined, spreading ulcer may start in drainage 


sites or surgical wounds after surgery to a patient 
suffering from amoebiasis.” ? 

The following case is reported to illustrate the 
destructive potential of the parasite in the perineum 
of a child. 


Case report 


The patient, a 14-month-old girl of mixed descent, was 
referred from a country hospital where she had been 
admitted with a 2-week history of diarrhoea. While 
in hospital she had developed a perianal abscess 
which had burst. 

Examination showed a seriously ill, toxic, pyrexial, 
anaemic child. Further abnormal findings were 
confined to the perineum where there was extensive 


undermined ulceration surrounding and destroying 
the anus. The posterior vulva and vaginal introitus 
were extensively ulcerated with only a small bridge 
of skin remaining in the perineum (Fig. 1). Digital 
examination showed a craggy cavity where the anus, 
rectum, and vagina had been. The rectovaginal 
septum had been destroyed. Induration extended 
widely into the tissues on each side. 

The haemoglobin was 5:3 g/dl, and the white 
blood count 20-8 10?/l, with neutrophils 61 97, 
monocytes 155, lymphocytes 35%, eosinophils 2°. 
Serum electrolytes were normal. Cultures showed 
Escherichia coli and Pseudomonas aeruginosa. 
Examination of warm stools was negative for 
Entamoeba histolytica but the latex agglutination 
test was positive and biopsies of the ulcer showed 
numerous E. histolytica in granulation tissue. 

Treatment was started immediately with metroni- 
dazole (Flagyl) 50 mg/kg per day and intravenous 
fluids, blood, and antibiotics. A left iliac colostomy 
was performed 10 days later. 

The response to treatment was immediate. 
Constitutional signs resolved within 3-4 days and 
the perineum healed rapidly. Barium studies 2 
months later (Fig. 2) showed destruction of the 
rectovaginal septum so that rectum and vagina 
formed a common cavity, separated at the lower end 
by a small bridge of tissue. There was a stricture of 
the upper rectum where it entered this cavity but the 
colon above this was normal. 

Repair was performed 4 months after admission. 
The perineal bridge was divided, the rectal stricture 





Fig. 1 Extensive perianal and vulval ulceration on 
admission. 
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Stricture 


skin bridge 





Fig. 2 Barium studies showing the rectal stricture 
and rectovaginal cavity. 


dilated, and the vagina and rectum reconstructed 
leaving a Silastic prosthesis in the rectum to maintain 
patency through the stricture. Only a few muscle 
fibres were found in the bridge of tissue. The 
remaining anal muscles had been destroyed. The 
perineum was reconstituted by mobilising tissues on 
each side. 

The repair healed well. The prosthesis was removed 
2 months later and the colostomy closed soon 
afterwards. The upper stricture has not recurred 
but 4 years later there is still extensive fibrosis 
around the anus with a stricture which has not 
responded to dilatations or minor plastic procedures. 
The 5-year-old child is incontinent. Social conditions 
have so far not permitted a permanent colostomy 
which will be necessary. 


Discussion 


E. histolytica may be a harmless commensal in the 
bowel or it may become invasive causing ulceration 
with amoebic dysentery. Deeper invasion with 
perforation and peritonitis occurs in 3% of adults 
and 9% of children with acute amoebic dysentery. A 
localised chronic granulomatous response will 
produce an amoeboma.? 

Occasionally the subcutaneous tissues around the 
anus, an Ostomy, or a wound are invaded.?-? ? The 
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process is sometimes a chronic one but rapidly 
spreading necrotising infection may occur with 
destruction of skin, fat, and muscle. The response to 
metronidazole is striking and early diagnosis with 
prompt treatment will prevent further destruction. 
The diagnosis should be considered if spreading 
ulceration occurs in the perineum or abdominal wall. 
Stool examination, serology, scrapings from the 
ulcer, and biopsy are of value in confirming the 
diagnosis of amoebiasis but, if this seems the likely 
cause, treatment in cases with rapidly spreading 
ulceration should begin immediately without waiting 
for the results of these tests. 

Cutaneous amoebiasis may occasionally occur in a 
patient without previous intestinal infection by 
external inoculation of a wound.? ? Penile and vaginal 
amoebiasis occurring in adults is thought to be 
venereal in origin.! ? 5 

The vulva is particularly vulnerable to infection in 
the small child still wearing a nappy as this holds 
infected stools in close contact with the peri- 
neum.?-? 5-6 Pronounced destruction can occur. In 
the case reported here the vulval ulceration and 
perianal ulceration were separated by a bridge of 
skin and there was extensive induration in the 
ischiorectal fossa and pelvis with destruction of the 
anal muscles, pelvic floor, and rectoveginal septum. 
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SUMMARY A normal paediatric range of plasma 
a-amylase activity was determined using the 
Phadebas blue starch method. The range for children 
over one year was 98-405 IU/I. Plasma amylase 
activity increased throughout infancy. Mature levels 
of activity were observed in some children by age 
2 months and in most of them by 9 months. 


L ————————— 


The Phadebas amylase test (Pharmac:a) is a simple 
and accurate method for determining plasma or 
serum «-amylase activity. Although the original 
report on this method gave a normal range for 
individuals under 20 years, a satisfactory normal 
range for children has not been established. This 
report describes such a range. 

Plasma was obtained from heparinised blood 
samples taken from 116 children; 54 from children 


The history that the initial presentation had been as a 
perianal abscess suggests that the invasive process 
started more deeply within the anus or rectum. 
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immediately after induction of general anaethesia, 
47 from children having a venepuncture for other in- 
vestigations, and 15 from cord blood of term normal 
neonates. Children with renal, hepatic, or gastro- 
intestinal disease or those with a history of fits or 
recent infection were excluded. 53 children were 
under one year, the eldest was 15 years. 

Plasma total «-amylase activity was measured by 
the Phadebas blue starch method according to the 
manufacturer's instructions. The calibration was 
adjusted to enable the determination of activities 
below 30 IU/I. 

Statistical comparisons were made using the 
Wilcoxon rank sum test. 


Results 


Plasma «-amylase activity was lowest in the neonates 
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and increased during infancy (Fig. 1). After age 9 
months only two values were below the range deter- 
mined for children over age one year. Activities in 
this established range were present earlier in many 
cases and were observed in 2 children as early as 
age 2 months. 


Number ot patients 
n 
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Fig.3 Distribution of plasma a-amylase activity (IU |D) 
in children over one year of age. 


The «-amylase activity in all children is shown in 
Fig. 2, the distribution of activities in children over 
age one year was positively skew (Fig. 3), but 
satisfactorily normalised with logarithmic trans- 
formation to give a normal plasma -amylase 
activity of 98-405 IU/l. There was no difference 
between the activities detected in the surgical and 
nonsurgical patients, or between boys and girls. 


Discussion 


The range established is broader and higher than the 
adult range of 70-300 IU/l, which is given by the 
manufacturers and is based on that determined by 
Ceska et al.! 

Somogyi? first noted low serum amylase activity 
in neonates and infants, which increased to adult 
levels by one year. This report illustrates that it is not 
unusual to discover adult levels of plasma amylase 
activity in children much younger than one year and 
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that these levels are achieved in most children by 
9 months. 

Serum amylases can be separated into 4 to 6 iso- 
enzymes by chromatographic, isoelectric focusing, 
and electrophoretic techniques.! The two main 
groups of these isoenzymes are the pancreatic and 
nonpancreatic components which are present in the 
ratio 1:2. Most of the nonpancreatic isoenzymes are 
of salivary origin.? While the activity of both these 
components increases steadily with age, Skude® 
reported that mature levels of activity may not be 
achieved until 5 years for the salivary component or 
10 years for the pancreatic isoenzymes. If this is the 
case, it is intriguing to find the mature range of total 
amylase activity present at one year. 

Isoenzyme analysis is too time-consuming and 
complicated for routine use and the total amylase 
activity, although relatively insensitive for differential 
diagnosis, remains the principal investigation for 
acute pancreatitis. 

Patients with. Shwachman's syndrome of con- 
genital pancreatic exocrine insufficiency have reduced 
plasma amylase activities compared with normal 
children.’ Low levels of amylase activity may there- 
fore be of value in deciding whether to perform 
formal pancreatic function tests in children with 
malabsorption in whom cystic fibrosis has been 
excluded. 
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Hirschsprung's disease: diagnosis by suction biopsy 
and staining for cholinesterase activity. B D Lake. 
The Hospital for Sick Children, Great Ormond 
Street, London. 


The demonstration of cholinesterase-positive nerve 
fibres in suction rectal biopsies is a useful and 
reliable method for the diagnosis of Hirschsprung's 
disease. The method of staining is important as 
earlier techniques give pale results which are difficult 
to interpret. The Karnovsky and Roots's direct 
method, followed by treatment with p-phenylene 
diamine and osmication, gives a dense reaction that 
is precise and readily visible. An increase in numbers 
of cholinesterase-positive nerves in the lamina 
propria and muscularis mucosae is generally found 
in cases of Hirschsprung's disease. Experience 
during a 5-year period shows that there is a variety of 
patterns of staining which may in some instances 
reflect the extent of the aganglionic segment. In 
other cases the density of nerve fibres bears no 
relation to the severity of the disease. An increase 
in numbers of nerve fibres in the lamina propria in 
conditions other than  Hirschsprung's disease, 
difficulties in being sure of the level of the biopsy, 
and the occasional pronounced increase in 
lymphoid tissue makes quantitative assay potentially 
unreliable. Microscopical assessment must remain 
the method of choice. 


Comparison of histochemical and biochemical activity 
of acetylcholinesterase in rectal mucosal biopsies in 
the diagnosis of Hirschsprung's disease. W J A Patrick, 
G T M Besley, and I I Smith. Royal Hospital for 
Sick Children, Glasgow 


During a 2-year period, 372 rectal mucosal biopsies 
were obtained from 150 children and young adults 
aged between 6 days and 28 years. Each case 
presented with a history of chronic constipation and 
the biopsy was taken to exclude Hirschsprung's 


disease. Sections of the biopsies were stained histo- 
chemically for acetylcholinesterase using the Kar- 
novsky and Roots's modification of the method 
originally described by Koelle and Friedenwald, and 
samples of 116 of the biopsies were assayed bio- 
chemically for acetylcholinesterase activity. The 
histochemical findings were compared with the bio- 
chemical activity of the enzyme. 


and fetal hydrops. 
Juliana Ziekenhuis, 


Angiomatous malformations 
M J Becker-Bloemkolk. 
Zaandam, Holland 


Early stimulation of the immune mechanism of small 
newborn infants. P K Kalpaktsoglou, A Chioti, 
G Ioannidou, A Kondyli, C Padiatellis, and B 
Ioakimidou. Marika Eliadi Maternity Hospital, 
Athens, Greece 


We examined whether an early stimulation of the 
immune mechanism of small newborn infants with a 
simple antigen might help to promote a better 
defence against infection. For this purpose we 
studied 52 newborn infants with birthweights —2001 
g. The number of white blood cells, the absolute 
number of lymphocytes, the serum levels of the 
immunoglobulins IgG, IgA, IgM, and the number 
of spontaneous E-rosettes and rosettes formed by the 
in vitro stimulation of lymphocytes with PHA or 
autologous serum, were measured every 15 days. 
Tetanus antigen was used for immune stimulation. 
0:5 ml was administered subcutaneously on days 
2 and 4. The results suggest that early immunisation 
in small newborn infants may play an important role 
in a reduced morbidity, in a better function of the 
immune mechanism, and in a normal growth. 


Cell size and cell number: reconsideration of organ 
growth and catch-up potential. J Dobbing, J Sands, 
and A Gratrix. University of Manchester, Medical 
School, Manchester. 
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Defects of the spinal cord: relationship between 
position of the lesion and embryogenetic mechanisms. 
Richard J Dryden. Argyll 


The part of the neural tube that establishes the spinal 
cord has a composite origin. There are two main 
processes: folding and closure of the neural plate, 
and canalisation of a solid caudal extension 
known as the medullary cord. The transition between 
these primary and secondary modes of neural tube 
formation is gradual and occurs in the future lumbo- 
sacral region of the spinal cord. It is proposed that 
defects such as spina bifida and diplomyelia should 
be interpreted with regard to their position in view 
of this complex pattern of neural tube development. 
Evidence from studies of chick embryos was 
presented to illustrate the early morphology of 
defects in different regions of the neural! tube. 


An unsatisfactory case of «x-aminoadipic aciduria. 
R J Pollitt, MRC Unit for Metabolic Studies in 
Psychiatry, Middlewood Hospital, Sheffield 


Histometrical study of the fetal zone in the anen- 
cephalic adrenal gland in early pregnancy. E S Gray 
and D R Abramovich. Medical Schoo!, Aberdeen 
University, Aberdeen 


The adrenal glands of 12 anencephalic and 17 normal 
fetuses —21 weeks were examined using the point 
counting technique. The volume of the adrenal gland 
occupied by the fetal zone in anencephaly was 57% 
compared with 76% in the controls. This difference 
is highly significant and shows that pronounced 
involution of the fetal zone occurs earlier than 
previously accepted (20 weeks). This finding is 
important because of its implication that the fetal 
adrenal gland is dependent on an intact hypo- 
thalamic-pituitary axis from a very early age. 


Fetal Farber's disease—the first prenatal diagnosis. 
P F Benson, A H Fensom, H W Moser, A Moser, 
and H V Dulaney. Paediatric Research Unit, Guy's 
Hospital Medical School, London 


Testosterone levels and sex hormone binding globulin 
capacities in serum of the"diabetic child. B T Rudd 
and P H W Rayner. Institute of Child Health, 
and Department of Clinical Endocrinology, 
Birmingham, and Midland Hospital for Women, 
Birmingham 


Boys with diabetes mellitus may show delayed 
pubertal development. Serum androgens (SA), 
mainly testosterone, and sex hormone binding 


(SHBG) capacities, were measured in the sera of 58 
diabetic boys and related to indices of maturation 
including age (CA), bone age (BA), and Tanner 
rating. Average androgen concentrations rose pro- 
gressively with CA and BA (P<0-001). SHBG 
capacities fell in parallel with increasing BA and SA 
concentrations. Nine patients had low SHBG 
capacities, suggesting poor binding. 12 patients had 
retarded BA which, in all but 2, coincided with 
SHBG capacities in the prepubertal range. The SA 
of the older boys in this group were lower than 
expected for their CA. The data suggest that 
retarded BA in some male diabetics is related to poor 
androgen production. 


Electron microscopy of fine-needle aspiration biopsy 
in the preoperative diagnosis of a tumour of a 4-year- 
old girl. H Nordgren and M Akerman. Central 
Hospital, Eskilstuna, and University Hospital, Lund, 
Sweden 


Congenital urethral atresia. Problems in antenatal 
diagnosis. J R Patrick, A D Bain, and J E Bell. 
Royal Hospital for Sick Children, Edinburgh 


Problems of the interpretation of endocardial thick- 
ening. G Batcup. Children’s Hospital, Sheffield 


Towards a synthetic surfactant; physiological and 
morphological effects of dry and emulsified surfactant 
preparations. G Grossmann, C Morley, B Lachmann, 
R Nilsson, and B Robertson. Karolinska Institutet, 
Stockholm, Sweden 


Morphometry of tracheobronchial mucous glands in 
cystic fibrosis using the ‘magiscan’. M F Kamal, 
M Lendon, and H B Marsden. University of 
Manchester, and Royal Manchester Children’s 
Hospital, Manchester 


In children with cystic fibrosis it is still controversial 
whether the disease per se is responsible for mucous 
gland hypertrophy and hyperplasia or whether it is 
a sequel to repeated respiratory tract infection. A 
morphometric study of tracheobronchial mucous 
glands was performed in order to resolve this matter. 
The material came from the necropsy files of local 
paediatric pathology departments and comprised 37 
proved cases of cystic fibrosis, with and without 
respiratory infection, and 38 age-matched controls. 
The ‘magiscan’, a modified automatic image 
analyser, was used to measure the area of tracheal 
mucous glands and the luminal circumference of the 
airways. Pen drawings of the magnified outlines of 


the mucous glands and the internal circumference of 
the trachea were obtained by using the camera lucida 
and slide monitor and these were then automatically 
quantified by the ‘magiscan’. The results were 
converted into a ratio termed the Glandular Index 
and defined as the glandular cross-sectional area per 
unit length of the luminal circumference. It was 
found that the mean Glandular Index of patients 
with cystic fibrosis was significantly greater than that 
of controls, irrespective of superimposed infection. 
The ‘magiscan’ is a faster and more accurate instru- 
ment than other manual morphometric methods. 


Aorto—left ventricular tunnel. A A M Gibson. 
Department of Pathology, Royal Hospital for Sick 
Children, Glasgow 


Histopathological findings in carotid bodies in cases 
of congenital malformations of heart. A Abramovici, 
I Rosenbaum, and E Liban. Sackler School of 
Medicine, Tel-Aviv University, Israel 


It is well established that various hypoxic conditions 
induce hyperplasia of the carotid body (CB). How- 
ever, little is known about histological changes of 
the CB induced by certain congenital malformations 
of heart (CMH). This study dealt with quantitative 
and qualitative histological analyses of 52 human 
CBs, comprising 43 CMH and 9 controls, of which 4 
had pulmonary lesions. The age groups ranged from 
one day to 7 years with an equal sex ratio. Serial 
histological sections stained routinely with haemat- 
oxylin and eosin and connective tissue stains were 
examined at various levels. The different cell 
populations in a given microscopic field were 
counted and statistically analysed. Carotid bodies of 
CMH cases showed hyperplasia of the chemo- 
receptor cells (type 1) and perilobular fibrosis 
progressing with age, whereas the interstitial cells 
(type 2) remained unaffected. The hyperplasia was 
particularly pronounced among older cyanotic 
children, suggesting an insidious stimulatory effect of 
hypoxaemia on CB chemoreceptors. Intralobular 
blood vessels were dilated and congested in almost 
all CMH patients. However, contrary to the above 
findings, the entity of hypoplastic left ventricle 
syndrome showed hypoplasia of the CB mainly 
affecting the type 1 cells. This finding can be explained 
as a repercussion of secondary underdevelopment of 
the ventral aorta and of its 3rd and 4th arches on the 
CB primordia. Various surgical repairs did not 
change the natural course of CB lesions induced 
by CMH. 
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Takayasu's arteritis—a study of 16 necropsy cases. 
G Rose and C Sinclair-Smith. University of Cape 
Town, South Africa 


16 patients with Takayasu's (idiopathic) arteritis 
(7 girls, 9 boys) constituted 0-097; of necropsies 
during a 26-year period. Systemic hypertension was 
present in 14 patients and 8 had fatal complications 
related to the hypertension. All portions of the aorta 
as well as its major branches were affected in the 16 
patients. Thrombi were scanty but intimal fibrous 
plaques and multiple aneurysms were common. 
These patients showed the unusual presence of 
segmental involvement of major epicardial coronary 
arteries, with coronary aneurysm formation in 2 of 
them. Occlusion of the aneurysm of thrombus led 
to a left ventricular infarct in an 11-year-old girl. 13 
patients showed evidence of residual or active 
inflammation. Coexistent tuberculosis, distant from 
the arterial lesions, was present in 37:5% of our 
patients. One patient showed healed pulmonary 
arteritis. The aetiology of the disease remains 
Obscure. Strict criteria should be used to differentiate 
specific forms of arteritis—for example, rheumatic 
mesaortitis from Takayasu's arteritis. 


Human aortic endothelial orientation related to blood 
flow. G Gau, T Ryder, and L Mackenzie. Queen 
Charlotte's Maternity Hospital, London 


The aortic endothelial linings from three 17-week 
human fetuses were examined by scanning EM. 
Endothelial orientation and morphology correlated 
closely with previously described blood flow 
patterns. Clearly defined alterations both of mor- 
phology and orientation were present at areas of 
known disturbed blood flow—such as beyond the 
aortic valve, within the aortic sinus, and at arterial 
orifices. As some of these areas are also associated 
with atheromatous deposition in the adult, the 
possibility that endothelial changes might be an 
atherogenic factor was considered. 


Cardiovascular anomalies in a 7-week-old embryo of 
a woman treated with chlorimipramine. A Abramovici, 
I Abramovici, G Kalman, and E Liban. Sackler 
School of Medicine, Tel-Aviv University, Israel 


Fetal akinesia and lung growth. A C Moessinger, 
P Marone, L S James, and W A Blanc. Divisions of 
Perinatal Medicine and Developmental Pathology, 
Columbia University, New York 


We have shown that true lung hypoplasia occurs after 
withdrawal of amniotic fluid in the fetal rat. We 
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now present data indicating that fetal paralysis 
reduces lung weight still further. Rat fetuses 
(Sprague-Dawley) were paralysed by subcutaneous 
injections of tubocurarine at laparotomy (2 mg/kg) 
on days 18, 19, and 20 of gestation, the fetuses being 
clearly identified through the thin-walled uterus. 
Paired littermate controls were divided in two groups: 
one received 3 injections of physiological saline and 
the other group was manipulated but not injected. 
Sequential determinations showed that the curare 
levels in the control groups were insignificant. All 
fetal sacs subjected to puncture (needle 27-5) had less 
extraembryonic fluid until term, presumably as a 
result of prolonged leakage. Newborn lung weights 
and lung/body ratios were much lower in the 
paralysed animals. Most experimental fetuses 
displayed a spectrum of malformations closely 
resembling the recently described syndrome of 
camptodactyly, multiple ankyloses, facial anomalies, 
and pulmonary hypoplasia with, in addition, a 
striking pterygium colli. 


Newborn ferret. An experiment model for viral 
infection as a cause of sudden infant death? D I 
Rushton, M H Collie, C Sweet, and H Smith. 
Birmingham Maternity Hospital, Birmingham 


Morphology of undifferentiated sarcomatous nephro- 
blastoma, rhabdomyosarcomatoid pattern: a light and 
electron microscopical study. J Briner and H Walt. 
University of Zurich, Switzerland 


Eight mesoblastic nephromas from South Africa. 
R O C Kaschula. University of Cape Town, South 
Africa 


Eight congenital mesoblastic nephromas were 
analysed from the Children's Tumour Registry. The 
most common initial symptom was abdominal 
distension with a palpable renal mass but one patient 
presented with haematuria. Complete surgical 
removal was not possible in one child, and he and 
two others were given cytoxic treatment. One 
premature infant died before resection could be 
effected and another died shortly after surgery 
without receiving cytotoxics. All the tumours were 
large, weighing up to 1412 g, and extension beyond 
the renal capsule was present in 4, while another was 
removed in pieces. Histologically, 5 showed diffuse 
hypercellularity and 2 showed areas of focal hyper- 
cellularity. The mitotic rate in the hypercellular areas 
was 9 times that of the bland fibromyomatous areas. 
All tumours showed significant extramedullary 
haematopoiesis with focal myxoid regions. Features 


of dysplastic renal development, including islands of 
cartilage, were seen in the 2 with focal hyper- 
cellularity. Among the 5 tumours that were diffusely 
hypercellular, mitoses were present in renal tubules 
‘included’ in the tumour in three. The study suggests 
that among the mesoblastic nephromas being 
encountered in South Africa there seems to be a high 
incidence of ‘grey zone lesions’ in the spectrum 
between benign-appearing mesoblastic nephroma 
and sarcomatous nephroblastomas. 


Analysis of urinary phenolic-acids in the diagnosis of 
catecholamine-secreting tumours. M J Bennett. 
Children's Hospital, Sheffield 


Ivemark's syndrome— 5 cases, 3 from one family. 
J P Elema, A Anders, and J de Koning. University 
of Groningen, Holland. 


Fine structural observations on renal polycystosis 
induced in the newborn rat by prednisolone tertiary 
butyl acetate. J S Dixon, R G Lendon, and J A Reid. 
Medical School, University of Manchester, Man- 
chester 


Previous studies have reported histological observa- 
tions on cysts induced in rat kidneys by prednisolone 
tertiary butyl acetate (PTBA) and the present study 
reports fine structural observations. Sprague- 
Dawley rats were injected IM on the first day of 
extrauterine life with 66 mg/kg PTBA, while control 
animals received an equivalent volume of isotonic 
saline. Control and drug-injected rats were killed 
in pairs on days 2-12 and portions of the renal cortex 
and medulla processed for EM. Tubular dilatation 
was observed as early as day 2 and affected proximal 
and distal tubules as well as collecting ducts. Many 
of the cells of the dilated portions were characterised 
by swollen mitochondria and numerous dense 
lysosomes, while other cells had clearly undergone 
necrosis and were subsequently sloughed off into the 
lumen. The basement membrane surrounding many 
of the tubular dilatations had become thickened and 
was observed to split in some instances. Some dilated 
tubules exhibited cells which appeared unaltered in 
the early postinjection period, and it is concluded 
that lysosomal activity or cell death, or both, 
probably occurs as a secondary consequence of 
drug-induced tubular dilatation and does not 
represent the primary anomaly. 


Fetal liver disease. A clue to the genesis of hepatic 
fibrosis. D I Rushton, Birmingham Maternity 
Hospital, Birmingham 


Hepatic and renal calcification in the newborn. 
W F Knox and A J Barson. St Mary's Hospital, 
Manchester 


Although the most common cause of soft tissue 
calcification in the newborn is intrauterine peritonitis 
secondary to intestinal obstruction, 7 cases were 
found at necropsy without intestinal disease being 
present. Focal hepatic calcification was seen histo- 
logically in 6 of these, and renal calcification in 3. 
Calcification was detected in the necropsy x-ray in 4 
cases. All the pregnancies had been abnormal in some 
respect and resulted in stillbirth or death on the first 
postnatal day. Six infants were born at or before 30 
weeks' gestation and some were markedly light for 
dates. The hepatic calcification occurred both on the 
surface and deep within the parenchyma, and in two 
cases it was confined to the walls of intrahepatic 
vessels. In all 3 infants with renalcalcification deposits 
were confined to the cortex. Two of these were twins, 
one of whom had multiple malformations with a 
normal karyotype. The other twin also had renal 
calcification. The aetiology of this soft tissue calcifica- 
tion is not known but blood-borne intrauterine 
infection which has resolved before birth seems a 
likely explanation for at least some of these cases. 


Fatal milk aspiration in term infants—a problem in 
the neonatal nursery? E S Gray and N J Balch. 
Medical School, Aberdeen' University 


Kernicterus in a special care baby unit. A J Barson 
and D G Sims. St Mary's Hospital, Manchester 


There had been no case of kernicterus in the special 
care baby unit at this hospital until 1977, one year 
after the introduction of mechanical ventilation and 
the development of intensive care for ill premature 
infants. During the last 2 years 9 cases of kernicterus 
unassociated with rhesus haemolytic disease have 
been detected in just over 200 neonatal necropsies. 
Four cases were in inborn infants, representing in 
1978 an incidence of 0-7 per 1000 births. Five cases 
occurred in infants referred for treatment from out- 
side. Six infants were 30 weeks' gestation or less. 
Survival ranged from 39 hours to 7 days. The highest 
bilirubin concentration recorded was 426 mmol /l, but 
in 5 infants no estimation exceeded 200 mmol/l. 
Most infants were clinically jaundiced, 3 had 
exchange transfusions and 4 had phototherapy. No 
infant had symptoms characteristic of kernicterus. 
Out of 6 infants with respiratory distress syndrome, 
2 had yellow-stained hyaline membranes. Symptom- 
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less kernicterus with relatively low levels of serum 
bilirubin in premature infants dying from other 
causes has been reported in other units and appears 
to be an increasing complication of neonatal 
intensive care. 


Plasma alkaline ribonuclease and its relation to 
nitrogen metabolism in low birthweight infants. 
P H Scott. Selly Oak Hospital, Birmingham 


Plasma alkaline ribonuclease activity correlated 
significantly with nitrogen retention in a group of 
low birthweight infants during the third week of life. 
High levels of activity were associated with a need to 
conserve nitrogen and in these infants this was 
probably due to high rates of growth. High alkaline 
ribonuclease activity also tended to be associated 
with low plasma essential amino-acids. In an infant 
who, due to a metabolic abnormality, was placed on 
a low protein intake, a relationship was demonstrated 
between protein intake and plasma alkaline ribo- 
nuclease activity. This was compared with plasma 
transferrin, amino-acid ratios, and urinary urea 
excretion. It is concluded that the measurement of 
plasma alkaline ribonuclease activity provides a 
sensitive indication of nitrogen metabolism in low 
birthweight infants. 


The epidemiology of cot deaths in Australia. A L 
Williams. Royal Children's Hospital, Melbourne, 
Australia 


Morphological studies in congenital heart defects 
during open heart surgery. B Wozniewicz. Institute of 
Paediatrics, Warsaw, Poland 


Symposium on fetal alcohol syndrome 
Introductory review of fetal alcohol syndrome in 
man. N Kessel, Manchester. 


Clinical experience with children of alcoholic 
mothers. K-G Sabel, Góteborg 


Review of animal experiments on prenatal alcohol 
exposure. P McElhatton, London 


The fetal alcohol syndrome. A morphological and 
chemical appraisal in an acute rat model. G Altshuler, 
Oklahoma 


Detecting heavy drinkers and their children. 


R Murray, London 


Problem drinkers in antenatal clinics. P Woolf, 
Manchester 
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Spina bifida and maternal Rh blood 
type 
Sir, 
Baker and Sherry! reported that of 28 mothers of children 
with spina bifida they found twice as many with Rh- 
negative blood group than would normally be expected. 
They stated that they had found no previous reports of 
such an association. In fact, Wiener? strongly propounded 
the existence of such an association, and McKeown and 
Record? reported a significant excess of spina bifida 
infants delivered to Rh-negative mothers with antibodies. 
Other population data (Table 1) are consistent with the 
hypothesis that a woman who is Rh-negative is at a 
slightly increased risk of bearing such a child. 
Information taken from the 1958 British Perinatal 
Mortality Survey* is shown in Table 2. These data only 
include stillbirths and neonatal deaths with spina bifida. 
They show that the excess risk of spina bifida to women 
who were Rh-negative was apparent only when the 
woman was of parity 2 or more. This would again be 
compatible with the theory of an association between 
spina bifida aperta and maternal rhesus isoimmunisation. 


Table1 Percentage of mothers to be Rh-negative 


Place Spina bifida Control Reference 
infant infant 
(%) vA 
Rhode Island, USA 15.5 15.0 MacMahon et al.5 
Melbourne, Australia 18.8 17.0 Collmann andStoller® 
Budapest, Hungary 25.0 14-8 Czeizel and Révész? 
South Wales, UK 17-8 16-0 Carter et al.8 
Birmingham, UK 18-5* 17-0* McKeown and 
Record? 
Glasgow, UK 22.6 17-2 Wilson? 
1958 British Perinatal 
Mortality Surveyt 18-9 17-5 Golding!? 


*Estimated from graph, tstillbirths and neonatal deaths only. 


Table 2 Percentage of Rh-negative mothers by parity 


Parity Mothers of spina bifida Control mothers 
(No.) vo (No.) % 
0 (141) 16-3 (5974) 17-8 
1 (50) 16-0 (4942) 17-0 
2 (36) 25-0 (2459) 18-3 
3 (17) 23.5 (1183) 17-7 
4-4- (21) 28-6 (1326) | ae 
Total with 


known Rh (265) (15 884) 17.5 
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JEAN GOLDING AND N R BUTLER 


Department of Child Health, 
The University, Bristol 


An arteriovenous malformation of the 
liver giving rise to persistent 
transitional (fetal) circulation 


Sir, 

We report the case of an infant with an hepatic arterio- 
venous malformation who presented with cyanosis and 
heart failure in whom cardiac catheterisation suggested a 
persistent transitional (fetal) circulation. 

A girl was delivered by forceps at 36 weeks’ gestation 
after a normal pregnancy; birthweight was 2-950 kg. 
Apgar score at one minute was 6 with a heart rate of 
120/min. She failed to establish regular respiration and 
required ventilation via an endotracheal tube for 12 
minutes. She was externally a normal infant without skin 
blemishes. The placenta was oedematous and weighed 
1250 g. 

A systolic murmur was noted during resuscitation. She 
remained cyanosed in 409% Oz after extubation. At 2 hours 
she was noted to have a 4 cm enlarged liver with a 
prominent left lobe. She was in heart failure with a sinus 
tachycardia of 180/min, a grade 4/6 pansystolic murmur 
at the lower left sternal border, and prominent peripheral 
pulses. BP was 75/45 mmHg. A Ne-washout with 100% 
Oz raised the Pao» (descending aorta) to 6-3 kPa (47 
mmHg). Chest x-ray showed a large heart with apparently 
oligaemic lung fields, and an ECG showed biventricular 
enlargement. An echocardiogram showed all chambers 
and valves to be normally related. 
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Cardiac catheterisation was performed percutaneously 
via the femoral vein. The findings are summarised in the 
Table. 

A left ventricular angiocardiogram (Figure) showed 
early filling of enormously dilated internal mammary 
arteries supplying an arteriovenous malformation of the 
left lobe of the liver. Despite attempted management with 
digoxin and frusemide, heart failure and cyanosis 
persisted. In an attempt to control heart failure caused by 
the malformation, the internal mammary arteries were 
ligated. She remained extremely unwell with associated 
complications of early jaundice, hypoglycaemia, and an 
intravascular consumptive coagulopathy and died at 
3 days. 

At necropsy, abnormalities were confined to the liver 


Table Cardiac catheterisation findings showing 
pulmonary hypertension and right-to-left shunt at 
ductal level 





Sampling site Oxygen Pressure 


saturation (%) (mmHg) 


Superior vena cava 28 

Right atrium 30 8 (mean) 
High inferior vena cava 43 

Low inferior vena cava 52 

Right ventricle 40 90/10 
Pulmonary artery 38.5 80/50 
Pulmonary vein 97 

Left atrium 42 8 (mean) 
Left ventricle 42 80/10 
Aorta (distal) 37 70/42 





Figure Left ventricular angiogram showing enlarged 
internal mammary arteries feeding an arteriovenous 
malformation of the left lobe of the liver. 
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and cardiovascular system. The heart was enlarged with 
biventricular hypertrophy and dilatation. The ductus was 
widely patent and the foramen ovale patent to a probe. 
The internal mammary arteries arose normally, but were 
dilated and tortuous throughout their course and had been 
ligated at mid-point. The liver was greatly enlarged; the 
right lobe was externally normal, the left lobe was 
irregular in outline and was connected to the left leaf 
of the diaphragm by a leash of blood vessels. The cut 
surface of the liver showed the left lobe to be completely 
replaced by irregular blood- and lymph-filled spaces 
which were separated by fibrous septa. In the right lobe 
there were several infarcted areas having an irregular 
outline and rounded, purplish nodules. 

Histological examination of the liver confirmed the 
presence of a mixed cavernous and capillary angio- 
matous malformation in the left lobe, and identified 
discrete capillary hemangiomata in the right lobe. 


Discussion 


An arteriovenous malformation of the great vein of 
Galen giving rise to a persisting transitional circulation 
has been described by Eide and Folling. Hepatic 
hemangiomata are a recognised cause of heart failure 
in infancy. Rocchini et al? reported haemodynamic 
findings in 5 infants presenting between 4 weeks and 
5 months in heart failure showing a high output with a 
rise in Os saturation in the inferior vena cava, but no 
systemic arterial desaturation. In our patient there was 
evidence of intrauterine heart failure with cardiac hyper- 
trophy and oedema of the placenta. There was evidence on 
cardiac catheterisation of pulmonary hypertension with a 
right-to-left shunt at atrial and ductal levels, consistent 
with persistent transitional (fetal) circulation.? 

Treatment of hepatic hemangiomata has been attempted 
with prednisolone, radiotherapy, hepatic artery ligation, 
and tumour resection. In this case the unique blood supply 
to the lesion suggested that tying of the internal mammary 
arteries might resolve the heart failure, as the child 
remained too ill for more radical surgery. 
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Listeria infections in the newborn 


Sir, 

Robertson ef al.’ appear to be right in thinking that 
neonatal listeriosis is under reported. In the UK cases 
have been recorded as follows: 1977, 11 babies (including 
4 deaths); 1978, 19 babies (including 6 deaths); and in the 
first 9 months of 1979, 11 babies (including 2 deaths) 
(Public Health Laboratory Service, unpublished data). 
Reporting of this infection to the PHLS is voluntary and 
these figures must represent only a proportion of the 
actual number of cases. 

Neonatal listeriosis carries a high mortality, but the 
illness can be relatively slight, as exemplified by 2 babies 
born in July 1979 at Leamington Spa. 

The first, a girl, was born by normal vaginal delivery 
after spontaneous premature labour at 33 weeks’ gesta- 
tion. Her mother developed a pyrexia of 38-5°C during 
labour. The membranes ruptured 10 minutes before 
delivery. The liquor was meconium-stained. The baby, 
weighing 2-0 kg, had grunting respiration for the first 
hour after birth and recurrent apnoea, responsive to 
stimulation, for 12 hours. Her temperature reached 
38°C. Blood (from which Listeria monocytogenes was 
subsequently isolated) was taken one hour after birth and 
she was started on parenteral ampicillin and made a 
prompt recovery. CSF was not examined. Maternal blood 
and vaginal swab showed no pathogens. 

The second baby, also a girl, was born 3 days after the 
first by emergency caesarean section for failure to progress. 
Labour had been induced at 38 weeks with vaginal 
prostaglandin because of raised maternal blood pressure 
and low urinary oestriols. The membranes ruptured 10 
hours before birth. The baby, weighing 2-30 kg, was well 


for the first 72 hours and then developed diarrhoea and 
a temperature of 39-5°C. L. monocytogenes was 
isolated from blood culture. CSF contained no cells and 
was sterile. No pathogens were isolated from faeces, 
urine, or pharyngeal aspirate, nor were they isolated from 
maternal vaginal swab. The baby was treated with 
penicillin and gentamicin, and then with ampicillin as 
soon as the results of the cultures were known. Apart 
from a transient rash, she made an uneventful recovery. 

The fact that the first baby’s blood culture was positive 
so soon after birth, makes it likely that the infection was 
acquired in utero despite the negative maternal cultures. 
The second baby is assumed to have acquired the infection 
after birth by cross-infection either in the labour room 
or in the nursery. No other baby in the nursery was 
affected. 

Congenital listeriosis most commonly occurs in pre- 
term infants, perhaps because the maternal illness 
initiates premature labour. In addition, preterm babies 
are more susceptible than term ones to acquiring infection 
after birth. Cross-infection in a neonatal nursery is à 
potential hazard and affected babies should be treated in 
isolation. 
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Book reviews 


4nical Genetics. A source book for 
ysicians. Edited by L G Jackson and 
G Schimke. (Pp. 652; illustrated + 
oles. £21.50 hardback.) Wiley: Chi- 
ester. 1979. 


1e two editors are clinical directors of 
visions of medical genetics. They have 
oduced a book aimed at encompassing 
ost aspects of clinical genetics, to be the 
ain source of reference for doctors faced 
ith genetic problems. 23 clinical geneti- 
sts have contributed chapters on their 
swn specialities, divided into multi- 
sstem diseases (including immune dis- 
‘ders, connective tissue disorders, 
metabolic disorders), and organ system 
seases (cardiology, neurology, gastro- 
aterology, and so on). Extensive use has 
sen made of tables, listing specific defects 
ith their modes of inheritance. The book 
ippears to have been produced quickly, so 

is reasonably up to date although there 
re some inaccuracies of reference and 
idex. 

The book has one major limitation for 

nose who practise clinical medicine, 
which is that subjects are not always dealt 
vith in a manner useful or accurate 
nough for genetic counselling. Guidelines 
or counselling in X-linked disorders are 
yarticularly meagre; carrier detection is 
described in one sentence each for 
Duchenne muscular dystrophy and ocular 
albinism, and is not mentioned at all for 
X-linked retinitis pigmentosa. Hunting- 
on’s chorea is described briefly as an 
autosomal dominant condition with vari- 
ible age of onset, without giving specific 
‘isk figures for relatives at different ages, 
ind the same applies to other late onset 
dominant disorders. The relative propor- 
‘ion of autosomal dominant retinitis 
pigmentosa is underestimated, which 
would give incorrect risks for the off- 
spring of an isolated patient whose 
parents could not be examined. Some 
chapters are particularly useful, notably 
those on cytogenetic disorders, cardio- 
vascular disorders, and hereditary hearing 
loss. 

The editors can be commended for 
producing a comprehensive account of so 
many genetic disorders. However, I am 
not certain that there is a need for such a 


book; probably most doctors will find it 
more useful to consult one of the available 
excellent monographs on the genetics of 
specific groups of diseases. 

SARAH E BUNDEY 


Liver and Biliary Tract Disease in 
Children. By Daniel Alagille and Michel 
Odiévre. Translated by Micheline Ste- 
Marie. (Pp. 364; illustrated + tables. 
£23.00 hardback.) Wiley: Chichester. 
1979. 


1979 has been not only the year of the 
child, but the year of the child’s liver! This 
is now the third monograph this year to 
have been devoted to hepatobiliary dis- 
orders in infants and children. In 19 
chapters (pp. 348), the book covers a wide 
spectrum of childhood hepatology, begin- 
ning with methods of investigation, 
cholestasis in infancy and childhood, 
hepatic involvement in systemic disease, 
inborn errors affecting the liver, toxic 
liver damage, congenital fibrosis, and 
ending with cirrhosis and tumours; the 
chapter on acute liver failure in infancy is 
particularly useful. Even dietary manage- 
ment has not been overlooked. 

This is essentially a personal view of 
liver disorders in infancy and childhood, 
based on the extensive clinical practice of 
Professor Alagille and colleagues over 15 
years. No attempt has been made there- 
fore, to deal comprehensively with the 
hepatobiliary system in the young; hence 
such topics as development, anatomy, and 
physiology are not included. Even within 
the area of pathophysiology and disease 
there is a tendency for rare conditions to 
receive undue attention, possibly at the 
expense of the more ordinary. Although 
about 700 patients a year have chronic 
liver disorders of whom 308 have cirr- 
hosis of various types, the chapter which 
deals with this topic is sparse (8 pages), 
while that on hepatic tumours runs to 20 
pages excluding illustrations. 

The great clinical experience of the 
authors gives the work added authority 
for those topics which are included. No- 
where is this more obvious than in the 
chapters on cholestasis and portal 
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hypertension (167 cases). The  inde- 
pendent manner in which the authors view 
several time-honoured dicta is also 
refreshing—how logical to reserve the 
term ‘neonatal hepatitis’ for example, for 
liver infections in the newborn. 

The book is written in a most readable 
style, as much a tribute to the translator as 
to the authors. Clinicians seeking diag- 
nostic aid or advice in management will 
find essential details clearly presented; 
much of this tends to appear in list form, 
occasional italics being reserved for the 
real pearls. Radiological and histological 
illustrations are clear and each chapter 
is followed by a full bibliography, which 
runs to 877 references in all. This is a 
nice book, beautifully produced, but it 
faces keen competition from its competi- 
tors both of which are cheaper. 

JOHN F T GLASGOW 


Practical Pediatric Dermatology. By 
William L Weston. (Pp. 361; illustrated + 
tables. $19.95 hardback.) Little, Brown: 
Boston. 1979. 


This book is intended as a practical 
manual for those concerned with the 
primary health care of children—the 
family doctor, the school medical officer, 
and the paediatrician. The emphasis is 
firmly placed on general principles and 
common diseases. The first two chapters 
briefly, but effectively, consider the 
structure and function of the skin, and 
dermatopharmacology; they provide a 
sound introduction, valuable for the non- 
dermatologist. The remaining 15 chapters 
review all the common problems of clinical 
dermatology, particularly the practical 
aspects of diagnosis and management. 
Most of the numerous half-tone illustra- 
tions are informative but in a few the 
definition of the original photograph was 
evidently not good enough to survive the 
inevitable loss of detail when art paper is 
not used. The references at the end of each 
chapter are recent and well chosen. 

In general, Weston has succeeded 
admirably in providing a clear, accurate, 
very readable text, which should be 
welcomed by those for whom it was 
designed. However the account of fungus 
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infection, some of which is duplicated in 
the chapter on hair loss, is disappointing, 
at times inaccurate, and often parochial. 
In many parts of the world fungus species 
other than those named are a main cause 
of scalp ringworm. It would have been 
better to stress the characteristic features 
of anthropophilic as distinct from zoo- 
philic infections, and as in the rest of the 
book, to have emphasised general 
principles. These are minor criticisms; 
this useful, practical book is to be recom- 
mended. 

ARTHUR J ROOK 


Shorter notices 


Advances in Perinatal Neurology, volume 
1. Edited by R Korobkin and C Guille- 


minault. (Pp. 287; illustrated -+ tables. 
£17.50 hardback.) S P Medical and 
Scientific Books: London. 1979. 


The title is misleading and the contents 
with few exceptions are reviews of work 
published up to 1976. Advantages and 
limitations of the CAT scan are not 
seriously assessed, save briefly in intra- 
ventricular haemorrhage, and radiation 
doses are not discussed. Cerebral blood 
flow scarcely gets a mention. Sarnat's 
chapter on neuromuscular disorders 
presenting in the newborn will be helpful 
for clinicians. ‘Adequate nutrition of the 
developing brain' inevitably deals largely 
with rats. The French school of neonatal 
neurology and neuropathology is well 
represented. 


Infants Born at Risk: Behaviour a 
Development. Edited by T M Fief 
(Pp. 498; illustrated -- tables. £20. 
hardback.) S P Medical and Scienti 
Books: London. 1979. 


This book with 35 contributors aims 
present 'current research data on develo 
mental follow-ups of infants born at risk 
Those who do this work will find helpf 
titbits here and there. Methodolog- 
infant-parent interaction and interventic 
programmes are discussed, in addition ` 
the more obvious spheres of preterm birw 
and neonatal evaluation; the last include 
hearing assessment and the predictiw 
value of visual-perceptual behaviou 
Recommended for the bookshelves of th 
follow-up brigade and the communit 
physician. 
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Annotation 


Diagnostic radiation risks 


X-rays are bad for you—how bad? I cannot hope 
to give a good, complete answer to a vexed question 
that is still baffling the experts. Instead I should like 
to present a personal view on some factors of 
concern. 


Radiation measurement 


Doctors do not always appreciate the essential point 
that absorbed radiation is measured as tissue con- 
centration, not amount. The traditional unit is the 
rad, now to be superseded by the Gray (1 Gray — 100 
rad). This measures radiation energy absorbed per 
unit mass of a particular tissue, in terms of joules 
per kg. Brewin? has given various homely examples 
for clarifying this basic idea: I particularly like the 
notion of rainfall. ‘Light rain over Britain’ may add 
up to a considerable amount of rain over the whole 
island, but to anyone ın London, Edinburgh, or 
Cardiff (or to any lightly irradiated tissue), that is 
of little concern; he will only need a light mackintosh 
for protection. Similarly the inverse square law pro- 
tects us because, like light, radiation is diluted as it 
spreads out. Doubling the distance between oneself 
and a radiation source results in one-quarter of the 
intensity of radiation at the new distance. 

A quality factor can be used to correct for the 
different levels of damage inflicted on tissues by 
differing forms of radiation, for instance for the 
dense ionisation path of a-particles. This leads to 
the dose equivalent unit of absorbed radiation, the 
rem. The new unit for this will be the Sievert. For 
B, y, and x-rays this quality factor is 1, so here 1 
rem == 1 rad, and 1 Sievert = 1 Gray. 


Natural background radiation 


Any discussion on radiation risks must take account 
of the energy absorbed by all of us from the earth 
below and the sky above. The gonad dose per 
person is about 100 mrad per year. There are local 
variations. Living in a stone house in Aberdeen may 
add up to 150 mrad a year compared with a brick 
house in London (30 mrad). In some places (for 
example, at certain South American and Indian 
sites), local doses may rise to 2000 mrad a year.? 


These figures can be compared with tissue doses 
from a chest x-ray (perhaps 10 mrad) or an intra- 
venous urogram (500-1000 mrad). Medical diag- 
nostic irradiation is the second most important 
burden on populations after natural background 
radiation. Its level will vary with the medical habits 
in any country. In Western medicine Britain is 
comparatively frugal with x-ray examinations (400 
per 1000 populatton per year). The estimated gonad 
dose here is about 20 mrad a year. 


Damage to the fetus 


The rapidly dividing cells of the fetus in its first 
trimester have been taken as some of the most radio- 
sensitive tissues, and therefore as models for study 
and worry. There is still controversy about the 
‘10-day rule’ advocated in Britain but not, for 
instance, in the USA.? The rule is designed to post- 
pone all nonurgent x-rays in women of childbearing 
age until the first 10 days of the next menstrual 
period, when a fertilised ovum cannot be at risk. 
In a careful review, Mole* re-examined the estimated 
risks of malformations and cancer arising in a child 
who has been irradiated in utero. The overall risk of 
such a disaster after a 1000 mrad dose in the first 4 
months of pregnancy is in the range 0-1 case per 
1000. The natural level of risk that a pregnancy will 
result in a child with serious handicaps is at least 
30 times higher. 

Such calculations are no attempt to whitewash 
radiation risks, but rather to put that risk in the 
setting of the natural hazards we face. It may well 
be argued that a single additional man-made tragedy, 
however rare, is one too many. This argument 
assumes that most x-ray requests are frivolous, and 
have no bearing on the health or disease of the 
mother. If that appears a lopsided view, we ought to 
rethink the balance of benefit/risk for each in- 
dividual. 

On present evidence, the 10-day rule looks a 
sensible measure, provided it is not allowed to over- 
ride the medical needs of adults rightly seen as 
potential] mothers. We may justifiably be a little 
pleased that the NHS makes a good setting for this 
piece of medical practice, unlike systems of health 
care dominated by instant investigation demands. 
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The anxiety now engendered when a woman 
discovers she has been x-rayed during an early, 
unknown pregnancy is probably misplaced. Her 
doctors should help her to see the very small 
additional risk in the rramework of the much 
greater natural hazards facing ber pregnancy. 


Why so much uncertainty about diagnostic radiation 
risks? 


Calculations on the hazard from small x-ray doses 
are generally based on a hypothetical linear extra- 
polation of a known dose/risk relationship. At 
large radiation doses the necessary experimental 
data are to hand, but at the low dose levels of diag- 
nostic irradiation the ground is not at all firm 
underfoot. As an example. we may accept that there 
is & proved relationship between the number of 
cigarettes smoked and the risk of lung cancer, in 
terms of so many dozens of cigarettes consumed 
each day. What is the additional risk of lung cancer 
after smoking, say, just one cigarette a day ? At this 
dosage, natural variation in populations and in 
disease incidence swamp the effect we wish to 
measure. Our best present guess is to assume a 
linear relationship between the effect and presumed 
cause, even when that cause is decimated several 
fold. We cannot be sure. 


What sort of x-rays? 


There are great differences in the radiographic 
technique needed to make good x-ray images of 
different parts of the body. About 50 times as much 
x-ray exposure is needed for a lateral film of the spine 
as for a postero-anterior chest examination. Remem- 
ber that we cannot jump to the conclusion that a child 
could have 50 chest x-rays for the radiation price of 
one lateral spine film; we are concerned with local 
tissue concentrations of absorbed energy (cads). But 
it does mean that the child who has to have repeated 
chest x-rays need not be worried about in the same 
way as tbe patient in whom we think we need 
*follow-up spine films'. For a parenthesis, consider a 
child or an adult who falls on his bottom and is then 
x-rayed repeatedly for a suspected sacral fracture. 
There is no clinical pay-off to this diagnosis, and the 
radiation cost is heavy. 


What sort of investigations? 


In general, nuclear medicine investigations carry a 
very much smaller radiation burden than x-ray 
procedures. The clinical questions posed between 
the two are of course different. Looking to direct 


comparisons of an answering service provided by 
either high resolution, ‘structural’ radiographs, or 
by poorer resolution, ‘functional’ radionuclide scans 
may be fruitless, because we have overlooked the 
essential first step in diagnosis—asking the right 
questions. But some diagnostic pathways can be 
designed with radiation costs between the two very 
much in mind. The infant with a proved urinary 
infection probably needs a high resolution x-ray 
cystogram followed by a radionuclide renal scan, or 
possibly renal ultrasound. If all is well the intra- 
venous urogram can be avoided. If he is found to 
have ureteric reflux, follow-up cystograms can be 
radionuclide investigations, because high reso- 
lution x-ray images are not required once bladder 
outdow obstruction has been ruled out by the 
initial examination. In very rough and ready terms, 
the radiation burden of nuclear medicine examina- 
tions 1s 2erhaps one-tenth or less of the ‘correspond- 
ing’ x-ray procedure. 


Research and volunteers 


Ihe Wcrld Health Organisation has grappled with 
this thorny problem, in a public document that it 
coyly insists on designating unpublished. The British 
Institute of Radiology has endorsed the proposals 
in the form of guidelines? and the weekly medical 
journals have also commented.9-" In brief, in- 
vestigations are grouped into four categories of 
increasing radiation burden—only the two lowest 
are of interest here. Category II includes burdens of 
the order of 100 mrem—that is, equivalent to 
natural annual background irradiation. Category I 
is of the order of 10 mrem—that is, within the 
natural variation of background irradiation received 
in a yea-, for instance if a subject moved from one 
house tc another. À chest or hand x-ray, or certain 
radionuclide investigations would be in this category. 
The guxlelines suggest how investigators should 
approaca such projects. There are protective, but 
perhaps not very helpful clauses concerning the age 
of subjects, particularly ‘persons under 18 years of 
age should not be involved except when problems 
specific (o their age groups are under investigation’. 
What else is paediatrics about? 

The problems remain very difficult. I have no 
doubt that there should be much worry, discussion, 
and heart searching before a child (or his parent) is 
invited to participate in a radiation procedure not 
directly -o his benefit. The investigator clearly has a 
crucial responsibility which cannot be shelved'by 
approva. from an ethical committee. Such approval 
is of course mandatory, and ethics-and-research 
committze might be a better name, because the link 
with science is important. Àn unscientific or trivial 
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study is not ethical. Experts have commented on the 
difficult legal questions affecting children.9-? 

My conclusion is that there need no longer be an 
absolute automatic embargo on carefully judged 
studies involving radiation to children. Much expert 
advice will be needed, and so, to my thinking, will 
informed consent, with all its well-known draw- 
backs. I am surprised that the WHO report exempts 
the category I project of negligible risk from this 
absolute need. If I invite someone to walk through 
the rain with me, I would certainly ask whether he 
wants to do so rather than wait for a bus—not 
because I worry about his catching pneumonia, but 
because he (or his parents) might prefer to stay dry 
that morning. The fact that he is bound to get wet 
some time in the year is irrelevant. There is a large 
fund of altruism* in the human bank, and it would 
be stupid and perversely inhuman to stop drawing 
on it. Many individuals, children and parents, are 
delighted to be given a chance of showing just that. 
Part of our job is to prevent the unscrupulous in- 
vestigator from tarnishing this bright coin, and to 
look after our volunteers jealously. 


* Conclse Oxfoid Dictlonary's definition of altruism is ‘regard 
for others as a principle of action’. 
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Fulminant hepatic failure in childhood 


An analysis of 31 cases 


H T PSACHAROPOULOS, ALEX P MOWAT, M DAVIES, B PORTMANN, D B A SILK, AND 
ROGER WILLIAMS 


Department of Child Health, King's College Hospital, London 


SUMMARY To document the clinical features and complications of fulminant hepatic failure in 
childhood, 31 consecutive cases (of whom only 9 survived) were reviewed. Of 26 children with acute 
hepatitis (HbSAg-negative), liver function steadily deteriorated in all but 2, and encephalopathy 
occurred within 3 weeks of the onset of symptoms in all except 3 of them. Eight of these patients 
survived, as did one of 3 in which this deterioration was caused by paracetamol overdosage. Single 
cases due to Amanita phalloides and halothane died. Encephalopathy lasted from 2 to 16 days in the 
survivors, and from one to 20 days in the fatal cases. The severity fluctuated by more than one grade 
in 9 patients. The outcome was not related to the age or sex of patient, clinical or biochemical 
abnormalities at presentation, or to the duration of the encephalopathy. Prothrombin time was 
prolonged by more than 90 seconds in 10 fatal cases, but in none of the survivors. The outcome was 
related to the severity of the encephalopathy, only one (6%) of 19 children in grade 4 coma surviving, 
and to the occurrence of neurological complications—particularly brain stem dysfunction (9 cases), 
decerebrate posturing (12 cases), and convulsions (7 cases). Massive gastrointestinal bleeding (14 
cases) and renal failure (10 cases) were confined to the fatal group. At necropsy 7 (54%) of 13 had 
cerebral oedema. 

Hypoglycaemia, septicaemia, respiratory tract infections, ascites, and haemopoietic complications 
occurred both in fatal cases and survivors. Although liver function tests and liver biopsy appearances 
remained abnormal in survivors for 24 and 30 months respectively, these children developed normally 
without evident disease during or after this period. 

Children with fulminant hepatic failure and severe encephalopathy develop major pathophysio- 
logical complications affecting almost every system. Such complications must be prevented or 
vigorously treated. The mortality is no lower than in adults. Effective treatment must be instituted 
before grade 4 coma is established. 


Fulminant hepatic failure with hepatic encephalo- 
pathy is a rare but grave complication of acute 
hepatic damage from viruses or drugs.-? The 
mortality, 70 to 95%, may be lower in children 
than in adults! 3 but in one report age had no 
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influence on prognosis. Treatment incorporates 
intensive supportive care with a variety of measures 
undertaken to control homeostasis, prevent 
alimentary bleeding, and control encephalopathy. 
The rationale for such treatment is based almost 
entirely on Observations in adult patients. If adults 
survive the acute illness hepatic recovery is usually 
complete.5-9 

In the present study we retrospectively reviewed 
clinical, biochemical, and pathological features in 
31 children with fulminant hepatic failure of whom 
9 survived. We wished to document the clinical 
syndrome and its complications in childhood, to 
ascertain differences from the syndrome in adults, 
and to identify features of prognostic importance at 
the onset or early in the course of the ilIness. 
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Patients and methods 


31 children reviewed had fulminant hepatic failure as 
defined by Trey and Davidson'—namely, hepatic 
encephalopathy within 8 weeks of the onset of 
symptoms of liver disease in patients in whom 
hepatic function before the illness was presumed to 
have bsen normal. 'These children comprised all such 
cases seen at King's College Hospital between 1969 
and December 1977. Patients with encephalopathy 
due to Reye's syndrome or to Wilson's disease were 
excluded by clinical, biochemical, and pathological 
criteria.? The severity of coma was defined using the 
criteria of Saunders et al.* 

The presumed cause of the hepatic necrosis was 
acute viral hepatitis (hepatitis B surface antigen 
negative) in 26 cases, but in only 4 of these was there 
history of recent contact with patients with features 
of infectious hepatitis. Three patients developed 
acute liver failure after the ingestion of a large dose 
of paracetamol and in one patient it was after the 
ingestion of Amanita phalloides and in another after 
halothane anaesthesia. No case was shown to be due 
to hepatitis B virus infection, infectious mono- 
nucleosis, or leptospirosis. 

All patients received intensive medical, nursing, 
and physiotherapy care; since 1973 patients have 
been managed in a purpose-built liver failure unit. 
Intravenous infusions of 10% dextrose, neomycin, 
either orally or via a nasogastric tube, and magnesium 
sulphate enemas were given to all patients. Oral 
magnesium sulphate or lactulose was given to 
prevent constipation. Dietary protein was stopped. 
All patients received IM vitamin K daily and normal 
requirements of electrolytes, supplemented by 
additional potasstum and bicarbonate as indicated 
by laboratory assessment. Fresh whole blood or 
fresh frozen plasma was given if necessary to replace 
blood loss, to increase plasma volume, and to 
provide clotting factors. 22 patients received systemic 
antibiotics because of the presence of suspected or 
confirmed bacteriological infection. 


Results 


Of 31 cases of fulminant hepatic failure, only 9 
(28%) survived, 5 of 19 boys and 4 of 12 girls. The 
mortality was not related to age or to presumed cause. 
10 children died within 7 days of the onset of coma, a 
further 10 within 20 days, and 2 after 40 days. 


Hepatitis cases: early clinical course. In the 26 
patients with presumed hepatitis, the initial pre- 
senting features were jaundice (23; 8897), anorexia 
(14; 55%), upper respiratory tract infection (7 ; 27%), 
skin rash (6; 23 75), and abdominal pain (4; 15%). 
All patients had progressive deterioration in their 
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clinical states except for 2 who each had a period of 
temporary improvement lasting between 7 and 14 
days. The interval between onset of symptoms and 
development of encephalopathy ranged from one to 
51 days, the mean being 14 days. Encephalopathy 
developed within 3 weeks of the onset of symptoms 
in all except 3 patients in whom it occurred at 25, 31, 
and 51 days. 

In 18 patients, the liver was impalpable and small 
on percussion at the time of admission. 


Features of encephalopathy. The duration of the 
encephalopathy varied from less than one to 22 days 
(mean 8:4) in the fatal cases, and from 2 to 16 days 
(mean 6-4) in the survivors. In those dying rapidly 
the encephalopathy was steadily progressive but in 
9 instances the severity of the encephalopathy 
improved by at least one grade before subsequently 
deteriorating. Two patients with relapsing encephalo- 
pathy eventually recovered completely. Decebrate 
posturing (12 cases), clinical evidence of brain stem 
dysfunction (9 cases), and convulsions (7 cases) 
occurred only in fatal cases. There were no survivors 
among the patients who required mechanically 
assisted respiration because of brain stem dys- 
function. Only one child survived who had been in 
grade 4 coma for more than 24 hours, although 2 who 
were transiently in grade 4 coma also survived. It is 
noteworthy that no patient at any time in his illness 
developed papilloedema. 

Encephalopathy preceded jaundice by 1 to 2 days 
in all 3 patients with paracetamol overdose. Two 
died 5 and 11 days after ingestion, the third survived 
after 6 days in hepatic coma. Nausea, vomiting, and 
abdominal tenderness with jaundice occurred within 
24 hours of ingesting Amanita phalloides and 
proceeded to grade 4 coma 48 hours later; she died 
on day 3. In one patient jaundice with features of 
hepatocellular necrosis occurred 5 days after the 4th 
halothane anaesthetic in a 4-month period. This 
progressed to encephalopathy within 48 hours and to 
death 5 days later. 

17 of the patients seen since 1973 received IV 
dexamethasone in a dose of 4 mg every 6 hours given to 
lessen cerebral oedema. Four survived as did 5 of 12 
patients who, in the early years of the study, received 
prednisolone in a dose of 1-2 mg/kg per 24 hours. 

Nine patients, who had been in grade 4 coma for 
longer than 12 hours, received temporary liver 
support using charcoal haemoperfusion (4 cases), 
and haemodialysis with a polyacrylonitrile membrane 
(5 cases). All subsequently died. Three in grade 3 
coma treated with haemodialysis using a polyacrylo- 
nitrile membrane survived. In no case did 'these 
measures have an immediate effect on the severity of 
the encephalopathy. 
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Laboratory investigations. All patients showed 
biochemical evidence of severe hepatocellular 
necrosis with high levels of serum transaminase, 
bilirubin, and alkaline phosphatase (Table 1). In 
those who survived longer than 7 days, transaminase 
values fell to between one and 8 times the upper limit 
of normal. 16 of the fatal cases and all 9 survivors had 
serum albumin levels <35 g/1 (<3-5 g/100 ml). All 
patients had prolongation of the prothrombin time. 
In 10 fatal cases, the prolongation of the prothrombin 
time was >90 seconds, nane of the survivors having 
values above this level (P<0-025). Serum bicar- 
bonate levels were frequently abnormal both in fatal 
cases and survivors. Both low levels and àigh levels 
were found at different stages of the illness in nearly 
every instance. The bicarbonate levels were signifi- 
cantly higher in fatal cases than in the survivors 
(P-0-01) The severity of other biochemical 


abnormalities was similar in the two groups 
(Teble 2). Despite IV glucose infusion, 9 patients, 
including 2 survivors, had blood sugar levels —2-5 
mmol/l («45 mg/100 ml) at some stage during the 
course of their illness. 


Complications and outcome 


Significant melaena or haematemesis occurred in 
14 fatal cases and was considered to be associated 
with permanent deterioration of the patient's 
condition in 12. Cimetidine in a dose of 20 mg/kg 
per 24 hours, given to the last 13 patients, had no 
discernible effect on alimentary bleeding. 10 fatal 
cases bled also from the nasopharynx, trachea, 
and urinary tract, while 5 had severe ecchymosis. 
Such bleeding was not observed in those who 
survived. 


Table 1 Clinical features and maximum abnormalities in laboratory investigations during encephalopathy in children 
with fulminant hepatic failure 





Case Sex Age Days af Coma Aspartate Bilirubin Alkaline Prolonged Albumin Glucose 
(years) Jaundice grade on amino- (uemol/D phosphatase prothrombin — (g/N (mmol/l 
before admission trensferase quyjn time (5) 
coma quin 
Acute hepatitis 
(HBsAg-negative) 
1 M 8 6 3 1690 320 607 88 36 3.2 
2 F 12 8 4 1500 580 320 167 34 4.9 
3 M 6 3 4 4000 260 470 197 31 9.8 
4 M 3/112 11 0 2400 459 800 108 33 02 
5 M 6 10 4 1210 74 56 26 NA 4-5 
6 F 6 25 0 214 1030 292 9 19 3.3 
7 M 6 10 3 4136 752 616 58 33 2:4 
8 M 4 14 2 2430 715 184 93 26 1-0 
9 M. 9 1 3 275 400 156 82 29 3.7 
10 M 7/52 13 0 2630 620 NA 68 23 3-0 
il M 9 6 3 2800 760 810 137 39 15 5 
12 F 14 21 3 400 370 302 69 23 4-1 
13 M 13 6 4 930 355 251 74 29 
14 M 4 34 4 340 569 140 120 23 12 
15 M 10 20 3 1000 630 255 67 23 13 
t6 M 5 51 3 2196 172 93 T2 35 46 
17 F 4 21 1 2600 660 340 182 25 3-8 
18 M 14 13 2 700 840 300 100 19 1-5 
24 M 4 9 2 3000 340 194 83 30 16 
25 M 4 0 3 1275 350 199 89 25 4.0 
26 M 5 31 4 1500 454 360 23 28 46 
27 M 6 10 3 2200 524 500 30 28 4 6 
28 M 6 7 2 555 920 276 47 29 4-0 
29 F 3 12 1 912 405 168 32 29 4.5 
30 F 7 14 0 515 800 300 58 18 0-5 
31 F 2 10 1 180 445 315 26 29 3.3 
Paracetamol 
overdose 
21 F 15 1 2 2500 209 209 NA 38 NA 
22 F 15 0 3 256 282 346 81 31 40 
23 F 14 0 2 30CO0 86 172 70 31 50 
Amanita 
phalloides 
19 F 5 1 1 4000 170 265 120 28 1*6 
Halothane 
hepatitis 
20 F 11 8 2 1802 620 420 600 29 80 
Normal values 10-45 3.420 4 30-250 0 35-20 2 8-5-0 


Conversion: SI to traditional units—bilirubin: 1 pmol/l œ 0 058 mg/100 ml; glucose: 1 mmol/l » 18 mg/100 ml. 


Table 2 Frequency of electrolyte abnormalities 





Electrolyte Fatal cases Survivors 
abnormalities ————————— 
No 76 No y A 

Na (mmol/T) 

«125 8 36 8 89 

> 150 3 14 0 — 
K (mmol/l) 

«30 16 12 5 55 

>5 5 7 32 1 {ft 
HCO; (mmol/l) 

>30 14 64 3 33 

<18 8 36 8 89 
Ca (mmol/l) 

«20 5 29 4 37 
PO, (mmol/l) 

«0 8 9 $4 6 66 


Conversion—SI to traditional units—Ca. 1 pmol/l » 4 mg/100 ml. 
PO, I pmol/l a 3-1 mg/100 ml. 

Renal failure occurred in 10 fatal cases. In 2 there 
was clinical, biochemical, and necropsy evidence of 
acute tubular necrosis. Two had the urinary features 
of: functional renal failure? and normal renal 
histology at necropsy. In the remaining patients the 
data were insufficient to define the type of renal 
failure. Nine of 13 who developed ascites survived. 

Septicaemia occurred in 5 patients, the organisms 
being Staphylococcus aureus, Pseudomonas pyocyanea, 
Candida albicans, group D streptococci, and 
Staphylococcus albus. Four patients had infections of 
the urinary tract. Candida sp. was the major cause of 
infection in one patient who survived and in 2 fatal 
cases. In one of these there was severe depression 
both of erythropoiesis and granulocytes. One 
patient with complete pancytopenia required red 
blood cell and granulocyte transfusion before 
making a complete recovery. Two patients had 
severe persistent thrombocytopenia with platelet 
counts <10 x 10°/I. 

Nine developed lobar collapse, one developed 
bilateral pleural effusion, and a further child 
developed a lung abscess. In 3 patients the tem- 
perature fell to <35°C without evident cause. 
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Necropsy findings. Percutaneous liver biopsies 
obtained immediately after death in 11 patients 
showed severe hepatocellular necrosis as evidenced 
by extensive collapse of the reticulin framework, 
with cellular infiltrate within the portal tracts and in 
necrotic areas. The amount of cellular infiltrate 
increased with the duration of the liver disease. 
There was prominent bile duct reduplication in and 
around the portal tracts, with disruption of the 
limiting plates. There were no features of cirrhosis. 

Necropsy examinations were performed in 13 cases. 
The liver weight ranged from 10 to 90% of the 
average weight for the patient's age? except in one 
infant in whom the liver weighed 2} times normal. 
The liver histology in this patient was similar to that 
in others, except that reticulo-endothelial cell 
reaction was particularly pronounced. In the 
remaining cases the histological appearances were 
similar to those seen in the needle specimens. In 2 
patients, there was histological evidence of renal 
tubular necrosis. One patient had haemorrhagic 
pancreatitis. 

Cerebral oedema was present in 7 patients, .4 
showing cerebellar or medullary herniation. — — 


Follow-up of survivors. The duration of follow-up 
was between 4 and 77 months (mean 34). Time in 
hospital was between 5 and 13 weeks, but all 
children returned to normal activities within 4 weeks 
of discharge from hospital and have remained well 
subsequently. Height and weight gains have been 
normal. None has shown clinical features suggesting 
persisting liver disease, except the patient who was 
followed for only 4 months who still has hepato- 
megaly. Serum albumin, prothrombin time, bilirubin, 
aspartate transaminase, and alkaline phosphatase all 
returned to normal but, in some instances, this was 
not until 24 months after the onset of the illness. All 
have remained normal on more-prolonged follow-up 
(Table 3). 


Table3 Data on 9 patients surviving fulminant hepatic failure 





Case Follow-up Duration of Treatment with Liver biopsy features 
(months) abnormal liver corticosteroids 
function tests (months) Within 3 months Later 
(months) from onset of coma 
23 43 19 32 Aggressive hepatitis Postnecrotic scarring with resolving inflammation 
(12 months). Normal (48 months) 
24 32 24 24 NA Postnecrotic scarring with resolving inflammation 
(8 months) 
25 2 2 — Aggressive hepatitis 
26 5 2 — Aggressivo hepatitis 
21 27 3 4 Aggressive hepatitis Postnecrotic scarring with resolving inflammation 
(18 months) 
2 " : 20 Aggressive hepatitis Postnecrotic scarring with no inflammation (12 months) 
— NA 
30 46 12 46 NA Postnecrotic scarring with resolving inflammation 


h— 
ha 


3l 42 5 


Resolving hepatitis 


(8 months); normal (36 months) 
Slight portal tract inflammation (36 months) 





NA = not avaiable. 
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Fig. 1 (Case 26). Percutaneous liver biopsy one month after onset of encephalopathy. (a) Extensiv2 postnecrotic 
collapse of reticulum with bridging between portal tracts and central veins. Reticulin stain (x 129). (b) Po'tal 
tracts are widened with a heavy infiltrate of mixed inflammatory cells extending into the adjacent liver cell plates 
(piecemeal necrosis). Haematoxylin and eosin (x 160). 
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Fig. 2 (Case 3D Percutaneous liver biopsy 12 months after onset of encephalopathy. (a) Moderate irregular postnecrotic 
scarring without clear disturbance of overall lobular pattern. Reticulin stain (x 100). (b) Slight inflammatory cell 
infiltrate confined to portal tracts. Haematoxylin and eosin (X 160). 


Liver biopsies were obtained within 4 months of 
the onset of the iliness in 6 patients. All showed 
evidence of recent severe parenchymal necrosis with, 
in three instances, bridging collapse joining adjacent 
portal tracts and hepatic vein tributaries. In one 
child (Case 26) there was sufficient distortion of 
hepatic architecture to raise the suspicion of 
cirrhosis (Fig. 1). Biopsies from 5 showed enough 
portal and periportal inflammatory activity to suggest 
a diagnosis of chronic aggressive hepatitis, while 
in Case 31 the features were those of a resolving 
hepatitis (Fig. 2). Biopsies taken at least 8 months 
after the onset of the illness showed in 5 instances, 
postnecrotic scarring, 3 having persistent minimal 
infiltrate with inflammatory cells. Only 2 biopsies 
were considered normal. Liver biopsy was not 
performed in the survivor of the paracetamol 
overdose as hepatic recovery in such cases is usually 
complete.H 


Discussion 


The mortality in children with fulminant hepatic 
failure in this series was 72%, increasing to 94% in 
those who developed grade 4 coma. These observa- 
tions are similar to those reported by Saunders ef al.4 
who found a mortality of 65% in children in grade 3 
coma, but a mortality of 85% in those in grade 4 
coma. During the period of this study survival rates 
in adults with fulminant hepatic failure admitted to 
our unit ranged from 15% (for those treated conser- 
vatively in the earlier years) to 30-38% (for those 
treated with charcoal haemoperfusion or by haemo- 
dialysis more recently). In contrast to the findings of 
the Boston Fulminant Hepatic Failure Surveillance 
Study? in which the mortality in fulminant hepatic 
failure in children of less than 14 years was 73%, 
compared with 80—97 7; in adults, our study suggests 
that any lessening of fulminant hepatic failure in 
childhood is at best only marginal and does not 
extend to those with grade 4 encephalopathy. 

No clinical features early in the illness could 
be correlated with survival nor were laboratory 
investigations helpful in indicating prognosis in the 
individual case. The outcome did not correlate with 
the duration of symptoms before the onset of the 
encephalopathy nor did they correlate with the 
duration of the encephalopathy itself. 

In all survivors prolongation of the prothrombin 
time was less than 90 seconds, whereas this was so in 
only 12 of 20 fatal cases. Serum bicarbonate levels 
deviated above the normal range more often and to a 
greater extent in fatal cases than in survivors, and 
low values were more common in survivors. This 
2-directional shift in serum bicarbonate values 
reflects the complexity of the metabolic changes 
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which occur in fulminant hepatic failure. Record 
et al.5 showed that hyperventilation with respiratory 
alkalosis, metabolic alkalosis, and rarely, metabolic 
acidosis occur in the absence of renal failure. 

A fatal outcome was often associated with at least 
one major complication. This study stresses the 
importance of the severity of the encephalopathy and 
the occurrence of other neurological complications 
in prognosis. Only one child in grade 4 coma for 
more than 24 hours survived. There were no survivors 
in those who developed generalised convulsions, 
myoclonic jerks, clinical evidence of brain stem 
dysfunction, or 1n those who required mechanical 
ventilation for persistent apnoea. The cause of the 
encephalopathy and the mechanism of brain swelling 
or cerebral oedema remain poorly understood. It is 
uncertain whether cerebral oedema is a toxic or 
metabolic effect acting directly on cerebral cell 
membranes, or whether it arises because of increased 
vascular permeability or hypo-osmolar extracellular 
fluid. 38 

Intravenous dexamethasone as used in this study 
did not prevent cerebral oedema although it has been 
shown to be of prophylactic value if used early in an 
experimental animal model of fulminant hepatic 
failure.14 Papilloedema was not evident in any case in 
this series and thus its absence does not exclude 
serious brain swelling. Rational treatment to control 
cerebral oedema can only be evaluated by direct 
measurement of the intracranial pressure, preferably 
by an extradural pressure monitor. Such devices 
have given valuable information in the management 
of Reye's syndrome. 

Overt intestinal bleeding (which took place in 
14 of 22 fatal cases), the development of renal 
failure (10 cases), and significant secondary bacterial 
or fungal infections (6 cases), were factors which were 
considered to have contributed to the fatal outcome, 
although in some patients it was often difficult to 
identify the precise cause of death. Saunders et al.4 
reported a 70% incidence of life-threatening 
haemorrhage in children. Prevention of alimentary 
bleeding must be a major aim in management, either 
by the use of prophylactic cimetidine or by trans- 
fusions of fresh frozen plasma, platelets, or fresh 
whole blood, depending on the circumstances. The 
prevention and early treatment both of sepsis and 
renal failure must be major goals in management. 
The high incidence of respiratory complications 
in these children possibly results from a combination 
of the effects of pulmonary oedema (found in 35 % of 
adults)" and coma. 

Early biopsies in 5 survivors showed the 
histological appearances of aggressive hepatitis, 
and subsequently in 5 instances postnecrotic 
scarring was found. In only 2 instances were the 
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follow-up liver biopsy appearances normal. The 
frequency of this persistent histological abnormality 
after fulminant hepatic failure was unexpected and 
should be compared with the findings in adult 
patients in at least 90% of whom there is rapid 
complete histological recovery,? +8 except in hepatitis 
B surface antigen-positive cases.? 

In this series of children with fulminant hepatic 
failure, the clinical and pathological features, and the 
complications, are similar to those observed in 
adults with this syndrome. The principles of manage- 
ment should therefore be similar. For recovery to 
occur in fulminant hepatic failure the encephalo- 
pathy must be reversible and the liver capable of 
regeneration. The difficulties in assessing the former 
have been mentioned. There is currently no way of 
assessing the latter in the individual patient, either 
by the early clinical course of the hepatitis or by 
special investigations, such as the serum alphafeto- 
protein Jevel.19-30 

Maintaining physiological and biochemical homeo- 
stasis by intensive monitoring and supportive care, 
and the early identification and treatment of 
complications in units familiar with the many 
complex problems found in fulminant hepatic 
failure may reduce the-mortality. If temporary liver 
support treatment, such as haemodialysis using a 
polyacrylonitriie membrane which has given en- 
couraging results in 2 recent series,!? ™ is to influence 
survival, this must be introduced before grade 4 coma 
is established. 
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Follow-up of children of diabetic mothers 


MARY CUMMINS AND MARY NORRISH 
Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


SUMMARY The results of a follow-up study of infants of diabetic mothers are presented. The 
antenatal care of all such mothers was supervised in a combined clinic by obstetricians and physicians, 
and good diabetic control was achieved in most of them. 51 mothers delivered 73 infants, all liveborn, 
between the years 1964 and 1972 inclusive at Hammersmith Hospital. There were no fetal deaths. 
66 infants survived the neonatal period, and 63 the first 2 years of life. 51 children, including all those 
seriously ill in the neonatal period, could be traced. Detailed neurological and general examinations 
including skinfold measurements were made, and the IQ measured. Four children were found to have 
major handicaps. These were severe deafness, epilepsy, low IQ, and myopia. No other neurological 
abnormalities were detected, and the distribution of full-scale IQs was normal. The distribution of 
height and head circumference centiles was near normal, but an increased number of children had 
weights above the 90th centile. No significant congenital malformations were found in these 51 


survivors, and none has so far developed diabetes. 


In recent years the perinatal mortality of infants of 
diabetic mothers (IDM) has fallen from about 259; 
to single figures. This has been attributed to a 
combined approach to antenatal care by obstetricians 
and physicians. However, the perinatal mortality of 
these infants is still2to 3 times the national average. +? 

In several studies the incidence of handicap among 
IDM has also been found to be high. Major con- 
genital malformations,? neurological abnormality,* 
and low intelligence? have been reported. Such 
children have also been found to have an abnormal 
growth pattern and an increased frequency of 
diabetes. These problems have been related to 
maternal vascular complications,? low oestriol levels," 
and acetonuria? * during pregnancy. However, the 
findings are not consistent between series. 

In this hospital between the years 1952 and 1963 
the perinatal mortality of IDM was 25%. In an 
attempt to improve this situation a combined 
antenatal diabetic clinic was set up, and this coincided 
with a lower rate of perinatal mortality. We have 
attempted to follow children born to the mothers 
who attended this clinic in the first 9 years of its 
existence to ascertain the extent of handicap among 
the survivors. 


Department of Paediatrics, St Charles Hospital, London 
MARY CUMMINS, senior registrar 

79 Prebend Gardens, London W6 
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Patients 


Between the years 1964 and 1972 inclusive 51 
diabetic mothers who attended the combined 
antenatal and diabetic clinic at Hammersmith 
Hospital delivered 73 infants of more than 24 weeks' 
gestation (including one set of twins). There were no 
intrauterine deaths. The details of management of 
pregnancy have been published elsewhere. In 58 of 
the pregnancies the mothers required treatment with 
insulin, one mother was treated with chlorpropamide, 
and the remaining 13 received diet alone. Eight 
pregnancies were complicated by retinopathy, and 
one by renal involvement and severe neuropathy. 
The collective obstetric histories of these women 
included 9 stillbirths and 5 neonatal deaths. 

The infant birthweight/gestation standards used 
were those of the National Birthday Trust's 1958 
Perinatal Mortality Survey,? supplemented by 
Baltimore data at the lowest gestation weeks. The 
infants' case notes were abstracted for details of neo- 
natal illness. Birth asphyxia was considered present in 
any infant in whom spontaneous respiration was not 
established by 2 minutes after birth. Respiratory 
distress, presumed to be hyaline membrane disease, 
was diagnosed in infants who had a respiratory rate 
greater than 60 per minute, costal recession, and 
grunting persisting after 4 hours of age. Hypogly- 
caemia was defined as blood glucose <20 mg/100 ml 
(1-1 mmol/I) on two consecutive readings. Jaundice 
was considered significant if total bilirubin reached 
12 mg/100 mi (204 uumol/T). 
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Follow-up methods 


During 1977 attempts were made to trace the 
surviving children of this group of diabstic mothers. 
A letter explaining the study was sent to each mother 
at her last known address. If no reply was obtained, 
the general practitioner and Family Practitioner 
Committee were contacted. As the latter only keep 
records of transfer dating to 1974, this was not 
always helpful. Other hospitals which had given 
maternal care were also asked for up-to-date 
addresses. It was not possible to have a matched 
control group. 

A medical and developmental history was 
obtained from the parents. Psychological assessment 
was carried out together with general examination, 
neurological examination, urine analysis, and growth 
measurements. 


Psychological assessment. IO was measured by one 
of us (M N). The Wechsler Intelligence Scale for 
Children (WISC) was used for those aged at least 6 
years, and the Wechsler Preschool &nd Primary 
School Scale of Intelligence (WPPSD for those under 
6 years. 


General examination. This included measurement of 
blood pressure, and a search for significant con- 
genital malformation. Urine analysis was carried out 
using Labstix. 


Neurological examination. Detailed neurological 
examination was adapted from data on normal 
children at different ages collected by Touwen and 
Prechtl? Particular attention was paid to tests of 
co-ordination which included finger tip touching, 
dysdiadochokinesis, rotation of forearm, and 
finger/nose testing. Each item was scored and the 
scoring system was adapted for use in the present 
study. Vision and hearing tests were also performed. 
Visual acuity was assessed with Snellen letters. 
The Stycar adaptation was used for the youngest 
children,” 


Growth measurements and anthropometry. The 
children were measured using a stadiometer, and 
weighed in light underwear. Measurements were 
plotted on standard centile charts.“ Occipito-frontal 
circumference was measured and compared with the 
standards of Paine and Oppé.!? Skinfold thickness 
was measured with Harpenden calipers using the 
method described by Tanner and Wihitehouse.!? 
The 8 sites measured were bilateral biceps, triceps, 
subscapular and suprailiac folds. Triceps and 
subscapular measurements were plotted on centile 
charts (revised 1970).1? 


Results 


Perinatal and infant details. Birthweight in relation to 
gesta-ional age is shown in Fig. 1; the distribution is 
relatively normal. There were 7 first-week deatbs, 
giving a perinatal mortality of 9-654. Five deaths 
were from hyaline membrane disease and its 
complications, and 2 were caused by lethal congenital 
malformations (anencephaly 1, multiple anomalies 
1). The relationship of the deaths to maternal 
treatment is shown in Table 1. 

Neonatal illness 1s shown in Table 2. Of the 19 
hypoglycaemic infants, one was symptomatic, and 
the remaining 18 asymptomatic. 

66 children survived the neonatal period, and there 
were 3 later deaths. One of the twins died suddenly at 
home at age 6 weeks, necropsy showing pneumonia. 
A second infant died at 5 weeks from congenital 
heart disease, and a third drowned at 18 months. 


Follow-up. Of the 63 surviving children, 51 were 
traced. Strenuous efforts to find the remaining 12 
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Fig.1 Birthweights in relation to gestational ages. 


Table 1 First-week deaths related to treatment of 
maternal diabetes 


Mother's First week 
treatmeat 

Deaths Survivors 
Insalin 7 32 
Oral ag»nts 0 1 
Diet 0 13 
Table 2 Neonatal problems 
Neonatal iliness* No. 
Birth asphyxia 9 
Respiratory distress syndrome 9 
Hypoglycaemia 19 
Jaundice 11 


*See text for definitions. 


children failed. They included 3 pairs of siblings. 
There was nothing in our records to suppose they 
were abnormal. Three children had left the country 
and one was traced to Australia where he was 
examined for us by his paediatrician. The other 2 
could not be found. Of the other 50 children 
examined, 4 were seen in their homes to save 
travelling long distances. The mean age at examina- 
tion was 7} years (range 4} years to 13} years). 


Psychological assessment 

48 of the 51 children were assessed with the Wechsler 
tests. Full-scale IQ scores were normally distributed 
(Fig. 2) with a mean of 97:5 and SD + 16. This 
seems consistent with the distribution of parental 
social class in this group which was similar to that in 
the general population, except that social class III 
(nonmanual) was not represented .)* Three children 
could not be tested: one because he lived in Australia, 
one because she was severely deaf and could only 
communicate in sign language, and one because she 
had recently been diagnosed as myopic and failed to 
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bring her spectacles each time she was assessed. 
These children were rated by their schools as ‘above 
average’, ‘of normal intelligence’, or “below average 
for her age’. The below-average rating of the third 
child (now aged 8) may partly be due to her pre- 
viously undiagnosed myopia. 

All but 2 of the children attend schools for normal 
children. One attends a school for the deaf, and the 
other (IQ 73) a secondary school for the educationally 
subnormal although he had attended a primary 
school for normal children. The only child with an 
IQ <70 was aged 4$ years and had already been 
treated for delayed speech. He also showed poor 
concentration and was hyperactive. 

There was a discrepancy of 15 points or more 
between verbal and performance scale IQs in 9 
(18%) children. This finding is reliable but is not 
statistically abnormal as verbal-performance dis- 
crepancies of 15-4 points or more can be expected 
in 25% of 74-year-old children and in 20% of 
104-year-old children tested with the WISC.!5 There 
are similar findings in younger children tested with 
the WPPSI. 21% of a group of 150 children aged 
54 years had verbal-performance discrepancies of at 
least 16 points.!? 

The relationship of IQ to neonatal hypoglycaemia, 
to birthweight «10th centile, and to maternal 
retinopathy is shown in Table 3. There was no 
significant difference between the IQ of hypogly- 
caemic and nonhypoglycaemic groups (Student's ¢ 
test). Four hypoglycaemic children had a mean IQ 
8 points lower than their normoglycaemic siblings. 
However, the mean IQ of the other 4 sibling pairs, 
all of whom had normal blood glucose levels, also 
showed 7 points difference. The infant whose mother 
was treated with chlorpropamide had prolonged 
neonatal hypoglycaemia and had had several 
exchange transfusions.! He required speech therapy 
before schooling, but when seen at age 10 years was 
doing well with an IQ 109 and no abnormal neuro- 
logical signs. 


General and neurological examination 
The major problems found from history and 
neurological examination are shown in Table 4. 


Table 3  Full-scale IQ in relation to neonatal and 
maternal complications 


IDM Full-scale IQ 

Mean Range 
Whole group (n — 48) 97 5 (65-131) 
Hypoglycaemia (n = 11) 95.2 (73-116) 
Normoglycaemia (n — 37) 101 (66—131) 
Small-for-dates (n= 4) 98 (83—111) 
Maternal retinopathy (n = 7) 110 (92-126) 
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Table 4 Major abnormaiities at follow-up 


Case Problem IQ Mater nal treatment 
in pregnancy 
1 Severe deafness, OFC 
<3rd centile Normal Insolia 
2 Myopt:a Norma. Diet 
3 Low IQ, hyperactive 65 Diet 
4 Epilepsy, urinary 
infection 84 Insulin 


These 4 children had normal neonatal periods 
without hypoglycaemia or other complications and 
were of reasonable birtkweights. All these problems 
had been previously diagnosed and treated. The 
detailed examination and scoring system showed no 
other major abnormalities. One child was hypotonic, 
the others were within the expected normal range for 
their ages. General examination was also unremark- 
able. No significant congenital malformations were 
detected, and in particular, there was no evidence of 
congenital heart disease. Urine analysis was negative. 
All parents had tested their children’s urine for 
glucose on at least one occasion. None asked us to 
carry out blood tests. In the pest, 3 children had 
required speech therapy, 3 had had febrile con- 
vulsions, and 3 required surgical correction of squint. 
Growth measurements 

The relationship of height, weight, and head 
circumference centiles to one another is summarised 


in Fig. 3. Similar numbers of children had heights 
and weights > 50th centile, but an increased number 
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were disproportionately heavy with weights >90th 
centile. Head circumference tended to be less than 
expected for height, greater numbers being below the 
50th centile. Two children had head circumferences 
«3rd centile with heights and weights 50th. One of 
these was the deaf child who was suspected, but not 
proved, to have bad congenital cytomegalovirus 
infection. The other was a normal child with an IQ 
114. 

Skinfold measurement centiles are summarised in 
Fig. 4. One-fifth of the children had skinfolds >90th 
centile with very few «10th centile. Obesity 
correlated well with maternal obesity, but the large 
children were not those who had had large birth- 
weights. The 6 most obese children were all «50th 
centile for birthweight. 


Discussion 


Our results show a good outcome for surviving 
children of diabetic mothers receiving intensive 
antenatal treatment. The 12 children lost to follow-up 
had not been seriously sick in the neonatal period 
and we have no reason to suppose they bave any 
handicaps. The major problems encountered could 
not be related to severity of maternal diabetes. Two 
of the 4 mothers with bandicapped children were 


considered to have diabetes to a slight extent and 
were treated with diet alone during pregnancy. 
Several authors have shown an increased frequency 
of low IQ in IDM. This has been correlated with 
maternal hypoglycaemia, maternal acetonuria,? 5 
and neonatal hypoglycaemia.!? We did not find an 
increased frequency of low IQ in our group. Hypo- 
glycaemia during pregnancy was an accepted 
complication of management at this hospital and was 
expected to occur. Acetonuria was recorded rarely 
and most mothers achieved their best control of 
diabetes during pregnancy. Hospital admission 
occurred only rarely, so frequent urine analyses were 
unavailable. 

There was no relationship between neonatal 
hypoglycaemia and low IQ in our series, and 
Haworth et al)? agreed that this was so. Tunçer” 
reported that 3 of 7 infants with hypoglycaemia were 
abnormal later. Francois et al? found 4 children 
with psychomotor retardation in his series; 2 of 
these had suffered prolonged symptomatic hypo- 
glycaemia. However a further 87 infants in his series 
had blood glucose levels <30 mg/100 ml («1:6 
mmol/l). Our one patient with prolonged hypo- 
glycaemia is now apparently normal. 

Neurological deficit among IDM has also been 
found increased. In a large series from Scandinavia, 
Yssing* found an unusually large number of children 
with cerebral palsy and epilepsy. This finding 
correlated with low maternal oestriol excretion.’ 
Many of our patients did not have oestrio] measure- 
ments and therefore a comparison with Yssing’s 
work cannot be made. However, all small-for-dates 
children were followed up and no abnormalities 
found. Watson,* at King’s College Hospital, in a 
study of children born between 1956 and 1962 found 
a 2:594 incidence of cerebral palsy or mental 
retardation, compared with 0-5% in a control group. 
Haworth et al? recorded 11 of 37 children as having 
neurological or intellectual deficit at a mean age of 
4 years. Findings in both these studies were not 
directly related to maternal problems. 

Later growth of these children has been a source of 
interest. Farquhar* found an excess of short boys 
and heavy girls; and in a subsequent study was able 
to relate heaviness to birthweight.“ Hagbard et ai.33 
and Haworth et al. found an increased number of 
short children. In contrast others have found them 
taller,?* or taller and heavier,*~** than expected. In 
the series by Amendt et al.?? infants of birthweights 
4 kg were taller and heavier at school age. Verdy 
et al?9? demonstrated a correlation between adult 
obesity and  birthweight in IDM. However, 
Whitelaw*? showed that increased skinfold measure- 
ments are present at birth and return to normal levels 
during infancy. Our series showed an increase in 
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number of obese children which related to maternal 
obesity, but not to birthweight. 

Lethal congenital malformations remain a serious 
problem for the IDM. They now represent at least 
half the perinatal mortality in these infants. These 
major congenital malformations are largely respon- 
sible for the increased postneonatal mortality found 
by many authors including Hagbard et a1*?* Con- 
genital malformations were responsible for 20% of 
our neonatal deaths and one of 3 postneonatal deaths. 
Nonlethal, but significant congenital malformations 
form a widely varying number in different series. 
Congenital heart disease has a particularly pro- 
nounced variation in frequency. Stebhens ef al.’ 
found 11% in their series. None was found in this 
series which was slightly larger. The wide variation 
in incidence of congenital heart disease reported 
from different centres has not been explained. Severe 
deafness of unknown aetiology was the only major 
congenital abnormality in our survivors. 

The development of diabetes in these children is 
more likely than in the general population.9 18 23 28 
None of those in our series, or a sibling, has yet 
become overtly diabetic. Amendt et al.?’ carried out 
glucose tolerance tests on children of diabetic 
mothers. They found 18-4% were pathological and 
15:9% borderline. 

In conclusion 51 of 63 surviving children of 
diabetic mothers attending a combined antenatal 
diabetic clinic have been followed. The handicaps 
found did not apparently relate to maternal diabetes 
and IQ scores were not abnormally low. None has 
yet become diabetic. 


We thank Mr H Gordon and Dr G Joplin for 
permission to abstract their patients' case notes, 
Dr Pamela Davies for help, and Mrs Christina Souter 
for tracing the patients. 


The survey was supported by a grant from the 
Nuffield Foundation. 
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Effects of sleep state and feeding on cranial blood 


flow of the human neonate 


P M RAHILLY 


Neonatal Research Unit, Department of Physiology, The London Hospital Medical College 


SUMMARY Jugular venous occlusion plethysmography was performed on sleeping babies. Cranial 
blood flow (CBF) was calculated by correcting for noncompressible drainage pathways. Sleep 
state of the baby was monitored using clinical and EEG criteria. In 20 babies CBF was consistently 
higher in rapid eye movement (REM) sleep compared with nonREM sleep (mean difference 24-2%). 
In 7 babies systolic blood pressure was consistently higher in REM sleep (mean 20-295). There was 
no correlation between the degree of change in blood pressure and CBF. In 11 babies in whom CBF 
was measured at known times after feeding, there was a consistently lower flow rate during the first 
hour compared with 2 hours later (mean difference 34-594). The degree of change was unrelated to 
amount of feed taken, despite the method of test weighing being demonstrably accurate. 


The introduction of jugular occlusion plethysmo- 
graphy! with improved analysis? has made the 
measurement of cranial blood flow (CBF) in the 
healthy neonate feasible and ethically acceptable. 
Preliminary studies by Milligan (D Milligan, 1979, 
personal communication) and Dear? have shown 
that jugular flow, and therefore probably CBF, 
are altered by sleep states and feeding. The existence 
of different sleep states was recognised by Galen? and 
by the ancient Hindu philosophers.® There have been 
various clinical and EEG classifications.*-U 
Confusion has been caused by ignoring species 
difference and placing too much emphasis on the 
concept of ‘depth’ of sleep. Rapid eye movement 
(REM) sleep, compared with nonREM sleep, is a 
paradoxical state, accompanied by highly labile 
physiological functions ;!? it is probably present before 
birth? and predominates in the newborn slowly 
decreasing with age.!ii* 4—2 Cerebral blood flow 
changes as an important component of sleep were 
first considered by Hill./5 Mangold et a/.1$ found a 
rise in CBF when subjects passed into sleep. Prinz 
et al? using xenon-clearance techniques, found that 
subjects had, compared with when awake, a higher 
CBF in REM sleep, but a lower one in nonREM. 
Milligan (D Milligan, 1979, personal communication) 
measuring jugular flow uncorrected for vertebral 
leakage, found consistently lower values in nonREM 
than REM sleep. 

Department of Medicine, Royal Alexandra Hospital for 


Children, Camperdown, New South Wales, Australia 
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The effects of feeding on cerebral blood flow were 
first considered by Bayliss and Hill! who postulated 
in-balance between splanchnic and cranial flow. 
Changes in the general circulation in the adult have 
been investigated extensively. There have also 
been studies in the newborn.??-3* The results of 
these various studies were contradictory but tended 
to indicate a rise in cardiac output after feeds with a 
fall in peripheral flow. Rowe et al. found no change 
in the CBF of adults after a meal. In neonates 
however, studies using a zero-gradient ear thermo- 
meterf£$-?7 and vertex thermography?! indicated a 
rise in cranial temperature after feeds (possibly 
caused by a fall in the cooling arterial flow). Recently, 
Dear?? demonstrated a consistently lower jugular 
flow during the first 30 minutes after a feed. His 
study did not take full account of sleep states, and as 
‘food soothes the nervous system of a child’™ and lulls 
a child into sleep, 1t must be considered incomplete. 

Studies of the effects of sleep (D Milligan, 1979, 
personal communication) and feeds?? on jugular 
flow, as well as studies on the effects of CO, and 
100% O,*° indicate that the neonate has a highly 
labile CBF. For this reason the work presented here 
includes blood pressure studies during different sleep 
states in an attempt to test the autonomy of the CBF. 


Method 


The technique and analysis used were as previously 
described.?-? A mercury-in-Silastic strain gauge was 
placed round the head of a sleeping infant. This was 
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connected via a Wheatstone bridge to a Hewlett- 
Packard recording system which traced the changes 
in head circumference caused by heart beat and 
jugular occlusion. To analyse the compressions, 
exponentials were fitted by computer program 
(BMDP3R).™ Jugular flow was derived bv calculating 
the differential at time zero on the inflow curve. 
‘Vertebral’ flow (that is, flow down the noncom- 
pressible pathways) was calculated by comparing the 
rate constants of the inflow and outflow curves. The 
mathematics of this correction factor wes based on a 
mathematical model which compared the head to an 
electrical capacitor. 


The final formula is: 
EOS; 59. 
Lo — Li 
Where Fc = cranial blood flow A = height of 
plateau on inflow curve Li = rate constant for 


inflow curve Lo = rate constant for outilow curve. 

Each result was obtained from a set of 10 com- 
pressions, the values being -+ SE and mean. 

Sleep state was monitored clinically and by EEG 
using biparietal discs (D Milligan, 1979, personal 
communication). The classification divides sleep into 
four states: 

(1) REM, (2) transitional, (3) nonREM, (4) nonREM 
with trace alternans. 

In the results sections stage 2 is excluded, and 
stages 3 and 4 are combined. 

Blood pressure was monitored using a standard 
neonatal cuff, systolic end-point being detected with 
a Parks Doppler (model 801-B), the probe being 
placed on the brachial artery. All the 5abies were 
born in the maternity wards of The London Hospital 


(Whitechapel) and were term and healthy. The 
mothers were chosen by the nursing staff and the 
purpose of the trials was fully explained to each of 
tnem. In all cases mothers were present for the 
studies and many of them became closely connected 
with the work. 


Sleep study. 20 babies (mean age 98-3 hours, range 
38-180; mean weight 3047-5 g, range 2000-3800) 
had their CBF measured in stage 1 (REM) and in 
stages 3-4 (nonREM) sleep. For each baby, these 
measurements were taken at one session (within 3 
hours of each other at the most) with the baby under 
the same conditions (including posture) and at least 
30 minutes after the last feed. Seven of these 20 
babies had each set of compressions bracketed by 
blood pressure readings before and afterwards. 


Feeding study. A series of CBF measurements was 
made on 25 babies. Each measurement was taken at a 
known time after the last feed, and while the baby 
was in a recognisable sleep state. Each series was 
performed at the same session, usually taking 
3-4 bours. It was not possible to take these measure- 
ments at fixed postprandial times as during a 
4-hour session the sleep states would vary greatly. Of 
these 25 babies only 13 produced a series of readings 
taken in comparable sleep states (mean age 103-8 
hours, range 38—342;"mean weight 3397 g, range 
2850-4006). 

11 of these 13 babies were breast fed. In 9 of these 
it was possible to ‘test weigh’ the babies before and 
after the feed. In addition, 17 bottle-fed babies (most 
of whom were not in the CBF trial) were ‘test 


Table 1 Effects of sleep stages (cranial blood flow ml/min per 100 g) 





Case Sleep stage I (REM) Sleep stages 3—4 (non R EM) 
Total Jugular Verteoral °% vertebral Total Jugular Vertebral 75 vertebral 

9 36.2 + 3.1 27-1 + 1°4 9 1 25 0 23.4 4+ 2-7 18 8 + 1-0 4-6 19.6 
22 378.429 26-0 + 2.1 11-8 31 2 33.4 -- 2 4 24.1 + 1-2 9.3 28.0 
33 31 0 + 4-0 25.5 4: 2.0 5.5 17-7 28.0 + 3.0 19.6 + 2-1 8.4 30 0 
39 384-30 32-5 + 2:6 59 15 3 340-20 28:4 - 1.7 5-6 16 5 
40 30.0 + 2-0 27-2 4 1:4 2.8 9 3 27-0 + 1-4 24 2 4 1:1 2.8 10-3 
42 53 0 + 2-0 35-3 +11 17-5 33-0 51-0 — 1-8 31-8 + 20 19-2 37.6 
45 52-0 +3 0 41 7 41:1 10 3 19 8 47.0 — 2-8 38.3 + 2-1 8.7 18.5 
46 240420 20-7 4 1-3 3-3 13-8 220 —20 17-8 4. 1-4 4-2 19.1 
50 118 0-- 4 1 87-6438 30-4 25.8 10020—37 76-1 + 6-4 25 9 25.5 
51 40.8 +20 32 0 - 1-9 8.8 21-5 30 0=24 24-5425 5.5 18-3 
56 21:0 £09 174+0 8 3-6 17-1 19-1 + 0-6 16 6 + 1-0 2:5 13-1 
57 30-1 +20 242+14 59 19 6 23 4+ 2.0 19-754-1.1 3-65 15 6 
67 63 1+ 3-0 47-1 + 2-4 16-0 25.4 40 8 + 3.0 33.4 + 2:1 74 18-1 
90 22 2 4- 1:0 210 410 1-2 5 4 17-6 + 1-0 16-5 + 1-0 1:1 6-2 
91 31:8 +30 24 2 4- 2.0 76 23 8 283430 19.2 + 1-4 9.1 32-1 
92 217410 19.5 4-14 22 10-1 18-2 + 1-4 16.6 + 1-1 2-2 12-0 
93 293410 24-5410 48 16-4 20.9 +19 18.8 +1-2 2-1 10 0 
94 47-2 + 2-4 34.5 + 2-0 12 6 26.7 27-8 £12 23 7 + 1-4 4*1 14-7 
97 28-25-4-1.6 23 2+ 1.0 5 05 17.9 20-4409 179407 2:5 12-3 
98 44.9 412 37 34 1-1 7.6 17.0 30.7 +1 3 24-4 + 0-7 6-3 20 0 
Mean 400--48 31-4 +34 8541-5 1964 1-6 32-2 + 4-2 25.5 + 3-0 6841-3 18:941-8 
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Table 2 Effects of sleep state on cranial blood flow 
comparing stage 1 (REM) with stages 3—4 (nonREM) 
sleep in 20 babies 








Total Jugular Vertebral %4 vertebral 
Mean rise (ml/min 
per 100 g) 7.8 5.9 1-7 07 
Mean rise (%) 24-2 23.0 25.0 3.6 
Range rise (75) 69.8to — 50to 97.8to 8I to 
9.3 14-2 —34 —4i 
Paired t 5.813 6 484 2 716 Q0 796 
P «0.001 «0 001 «0.025 NS 
120 
E 11 
É Q 
A 0 
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E 
x 60 
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— 40 
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Stage 3/4 
Non REM 


Stage 1 
REM 


Fig. 1 Changes in cranial flow of 20 babies in different 
sleep states (bars show SE). Points are staggered for 
clarity of presentation. Range of change 19-5-69-8% 
(mean 24 - 295, P — 0-001). 


weighed' and the volume of feed taken from the bottle 
noted by an independent observer. The babies were 
kept fully clothed so that faeces and urine collected 
in the nappy were not lost from total weight. 


Results 


Sleep studies. The results from 20 babies are shown in 
Table 1 and summarised in Table 2. CBF was 
consistently higher in REM than in nonREM sleep 
(Fig. 1). The mean difference was 24:2% which is 
significant (P 0-001). With the increased total flow 
in REM there was also an increase in the vertebral 
percentage. Although this rise was in absolute terms 
insignificant, the rise in vertebral percentage had a 
significant correlation with the rise in total CBF 
(r = 0-734, P<0-01). In other words, when the total 
flow rises by more than about 20% the extra drainage 
js mostly provided by the vertebral system. 

The direction of sleep state change did not affect 
the degree of changes in CBF. In 9 babies passing 
from REM to nonREM the mean percentage 
difference was 22:29; (SE = 5-6). When the change 
was the other way round the mean percentage change 
was 29-3% (SE = 7-1). 

The results of the blood pressure study are shown 
in Table 3. 

Systolic blood pressure was consistently higher in 
REM than in nonREM sleep (mean difference 
20-294, P «0-001 by paired Student's ¢ test). There 
was, however, no correlation between blood pressure 
and CBF in the individual babies in REM or 
nonREM. Nor was there any correlation between the 
degree of the change in CBF and changes in BP 
brought about by alterations in sleep state in the 
individual babies. 


Feeding studies. The results from the 'test weighing' 
assessment are shown in Fig. 2. There is an extremely 
close correlation showing that when performed with 


care this is an accurate measurement of the amount 
of feed taken by a baby. 


Table 3 Cranial blood flow (ml/min per 100 g), sleep states, and systolic blood pressure (BP) 


56 57 . 


Case Sleep stage I (REM) 

Ist BP and BP Mean BP Cranial flow 
90 70 72 71 22.20 + i 
91 81 80 80 5 31-80 + 3 
92 85 85 85 21-70 + 1 
93 86 90 88 29.30 +1 
94 81 83 82 47 20 + 2.4 
95* 98 100 99 8.00 + 0-6 
97 106 110 108 28 25 + 1-6 
98 92 94 93 44 90 4 i-i 
99 96 98 97 32.50 4- 1.5 


Sleep stages 3—4 (non REM) 

ist BP 2nd BP Mean BP Cranial flow 
56 5 17.60 +1 

69 70 69.5 28 30 +3 

70 68 69 18-20 +9 

78 16 TT 20.90 + 1 

68 68 68 27.80 + 1-2 

84 84 84 3.77 +1 

7 92 92 20.40 + 0.9 

78 78 78 30.70 + 0-9 





"Overriding sutures 1st BP before set of compression waves, 


B 


d BP after set of compression waves. 
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r=0 998 
Slope = 0 992 


Grams of teed (test weighed) 





10 2 30 40 50 60 ?O 80 90 00 
ml of feed (measured) 


Fig. 2 Close correlation between volume of milk 
given from a bottle and weight of the feed as measured 
by test weighing 17 different babies (r = 0-998), 


The CBF results from the 13 babies are shown in 
Table 4 and summarised in Table 5. There is a 
consistently lower CBF in the first hour after a feed 
(Fig. 3) than in the 'resting' period of at least 2 hours 
after a feed. The mean difference (34-597) is 
significant (P<0-005). In those 5 babies in whom 
readings were available for the first 30 minutes after 
a feed the mean difference (31 -4 92) is also significant 
(P«0-05). The readings taken during the 60- to 
120-minute period show a variable recoverv pattern 
since the postprandial fall. 

There was no correlation between the volume of 
feed given and the changes in CBF caused by the 
feed (r = 0-414 in 10 babies). 


Discussion 


The mean difference in CBF (24:222) found in REM 
and nonREM is similar to that found in jugular flow 
(23%) by Milligan (D Milligan, 1979, personal com- 
munication). These differences emphasise the import- 
ance of knowing the sleep state of a baby during 
any CBF studies. 

The absolute values of systolic blood pressure are 
in keeping with previous work.-* The lack of 
correlation between either absolute values or changes 


in blood pressure and CBF argue against the 
autonomy of the CBF being poorly developed in this 
age group, whatever the sleep state. 

The lower CBF found during the first hour after a 
feed agrees with the findings of Dear.?? The variability 
of the recovery pattern emphasises the importance of 
taking sleep state into account. Babies were quite 
often in nonREM sleep for much of the first hour 
after a feed and in REM sleep for the second, hence 
the rather high exclusion rate from this study. 

The possible causes of this fall have been discussed 
by Dear.?? The concept of Yao et al.3? of the low 
pressure, low resistance, high output circulation of 
the neonate, rendering it unable to compensate for a 
sudden increase in splanchnic flow is not supported 
by the blood pressure studies. Another possibility is a 
metabolic cause for these changes. The rise in 
metabolics, such as ketones,??-?* which are taken up 
by the newborn's brain® might activate some com- 
plex negative feedback system. 


Cramo! blood flow (ml/ 0g per mn) 


120 min 
and onwards 
after feed 


Fig.3 Change in cranial blood flow of 11 babies after 
feeding. Mean fall after feed 34 5%, P «0-001, range 
8-65% (each baby was in a constant sleep state). 


0- 60 min 
after feed 
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Table 4 Effects of feeding (cranial blood flow, ml[100 g per min + SE) pooled in hourly intervals 





Case Sleep Feed After feed 
stage Gnl]kg) 
G-60 min 60-120 min 120-- min 
Cranial Tune after Cramal Time after Cranial Time after 
blood flow SE feed (min) blood flow SE feed (mm) blood flow SE feed (min) 
29 1 Bottle — 26 6 1-4 12 l 
22.6 19 9 27 47 12 1 1-0 75 45.2 3.1 210 
23 2 2:1 Mean 
37.0 40 130 
31 1 Breast 13 0 10 26 37.0 30 65 58 0 40 160 
25-0 47 § 1-8 Mean 
32.0 2-0 150 
39 1 Breast 33-7 30 27 38 4 30 210 
41 35.2 4-0 Mean 
45 i Breast 34.0 18 50 47 0 30 100 37.0 1-2 130 
87 
48 4 Breast 15-2 1-0 35 23 4 2-0 90 29.0 2:5 125 
15.0 
54 1 Breast 22 6 1-5 25 32 9 10 75 23 6 0.2 125 
6 5 
57 1 Breast 20-1 1:7 55 29.8 2:0 90 24.0 1-0 125 
19-7 
67 i Breast 25 8 0-8 55 410 2-7 240 
6-7 
68 1 Breast 50 1 5.0 35 72.0 3.0 135 
25.0 
70 i Breast 10 6 0-7 45 29.8 20 175 
74 1 Breast 24 7 20 25 38.0 3.5 135 
10 2 
55 1 Breast 23 7 30 45 23.1 20 75 p 
57 
64 1 Bottle 29 9 2.0 35 22 4 20 85 
113 i 
Overall mean 25 1 30 37 28-3 3.0 82 38.3 40 158 





Table 5 Effects of feeding on cranial blood flow, 
comparisons between the three time periods combined 
(each baby in constant sleep state) 


AIB BIC AIC 
No. of babies 8 6 it 
Mean fall after feed 3.2 10 13 2 
(m1/100 g per min) 
Fall after feed (74) 11-3 26 1 34.5 


Range of % fallin pared 


babies 64 8to —83 73 tao —43 4 8to 65 
Paired t 1:427 0 627 4 224 
P NS NS «0-005 


A 0-60 min after feed, B 60-120 min after feed, C 120 min 
onwards. 

On each occamon the later of the postprandial readings 13 used as the 
basis for comparison. 


A metabolic cause would also explain the varia- 
bility of the responses to feeding and the poor 
correlation of the degrees of change with the amounts 
of feed taken. The metabolic response of the newborn 
is known to alter with nutritional state.?9 These 
babies, most of whom were breast fed, could be 
expected to have a varied nutritional state, 
particularly as all but one were under 2 weeks old. 
Again, the composition of breast milk varies greatly 


from mother to mother, and even in the same 
mother within feeds,? so that correlation between 
amount of feed and actual metabolic load could be 
expected to be poor. 

The feeds taken by these babies were, on a weight 
basis, similar to those given to premature babies in 
many units (say 200 ml/kg per 24 hours in 12 
2-hourly feeds) Bolus feeding regimens could 
therefore, be causing quite substantial fluctuations in 
the premature baby. These fluctuations could, in 
turn, be predisposing the sick, acidotic premature 
infants to intraventricular haemorrhage.*8 


I thank Professor K W Cross for guidance with this 
work, Dr Ian Stothers for constructive criticism, 
Mr Tony Barnett and Mr Ron Shew who built the 
electrica] and mechanical components of the 
apparatus, and Mrs Stella Legge, research nurse, who 
assisted at every measurement. 
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Pharmacological closure of ductus arteriosus in 
preterm infants using indomethacin 


H I OBEYESEKERE, S PANKHURST, AND V Y H YU 


Department of Diagnostic Cardiology, and Department of Paediatrics, Queen Victoria Medical Centre, 
Meibourne, Victoria, Australia 


SUMMARY Patent ductus arteriosus (PDA) was diagnosed in 27 (21%) of 129 infants weighing 
< 1500 g at birth presenting over 14 years. The incidence of PDA in infants with pulmonary disease, 
particularly hyaline membrane disease, was higher than that in infants without such disease (31% 
compared with 16%). 16 (59%) infants with PDA developed congestive cardiac failure (CCF), of 
whom 12 were «1000 g at birth. Eight of these infants had persistent CCF despite aggressive 
antifailure treatment, and 8 were ventilator-dependent although stable on medical management. 
Pharmacological ductal closure with indomethacin was attempted in these 16 infants according to 
clinical and echocardiographic criteria. Complete or partial ductal closure with clinical and 
echocardiographic improvement was achieved in 75% of infants. Treatment with indomethacin 
failed in 4 infants all of whom were «1000 g at birth and had gestational ages «26 weeks. Two of 
these infants had surgical ligation of the PDA and recovered. No morbidity was attributed to 
indomethacin except for transient oliguria. Overall survival was 76%; this ranged from 50% in 
infants weighing 501—750 g, to 91 % in infants weighing 1251-1500 g. 

Results suggest that (1) extremely preterm infants are less likely to respond to indomethacin, (2) 
success is more likely in the first 10 days of life, (3) a total dose greater than 0-6 mg/kg will not 
increase the success rate, (4) selective morbidity from indomethacin is unlikely if the contraindications 
of bleeding tendency, hyperbilirubinaemia, and renal dysfunction are followed, although urinary 
output must be monitored carefully, (5) indomethacin is a useful alternative to surgical ligation 


although long-term prognosis from clinical trials has yet to be established. 


Improvement in neonatal intensive care has resulted 
in greater survival of preterm infants, and increased 
diagnosis of disorders associated with prematurity— 
such as patent ductus arteriosus (PDA). Management 
of PDA. has become one of the major problems in 
neonatal intensive care. For most preterm infants 
with PDA, conservative medical management is 
satisfactory.* If cardiac or respiratory failure is 
progressive and life-threatening despite aggressive 
medical management, immediate ductal closure is 
essential for infant survival.“ Small preterm 
infants «71500 g with or without hyaline membrane 
disease (HMD) often have a prolonged course of 
ductus shunting and characteristically require weeks 
of mechanical ventilation. A recent study showed 


Queen Victoria Medical Centre 


V Y B YU, director of neonatal intensive care 





that early ductal closure led to earlier weaning from 
mechanical ventilation, decreased need for antifailure 
treatment, and earlier establisbment of optimal 
nutrition via the enteric route.’ Friedman et al.? and 
Heymann ef al? have reported that inhibitors of 
prostaglandin synthesis (indomethacin and aspirin) 
are effective in closing the ductus. 

Until June 1977, our management of infants with 
congestive cardiac failure (CCF) secondary to 
left-to-right shunting through a PDA was confined to 
conventional antifailure treatment using digoxin, 
frusemide, and respiratory support, and if this 
failed—surgical ligation. Between June 1977 and 
December 1978, indomethacin was used as an 
alternative to surgical ligation. If this failed surgery 
was used. This study reports the results of this trial. 


Patients and methods 


Study population. 129 infants < 1500 g at birth were 
admitted between June 1977 and December 1978 to 
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the neonatal unit of this centre. Their median birth- 
weight was 1190 g (range 570-1500) and median 
gestational age 29 ‘weeks (range 24-36). 39 (30%) 
infants weighed between 501 and 1000 g. Overall 
survival was 76%. 16 (5294) of the 31 deaths 
occurred earlier than 72 hours of age, before the 
presence of PDA could be evaluated. 


General management. Details of neonatal intensive 
care methods and the protocol for ventilatory 
assistance have been described in previous 
reports.\°" Parenteral nutrition was given before 
establishment of enteric feeds. Total daily fluid 
administered during the first week was 100-150 
ml/kg, and increased to 150-200 ml/kg by the 
second week depending on the clinical and bio- 
chemical hydration state. Details of the parenteral 
nutrition regimen, the formulation used, and its 
administration and monitoring have been reported.” 


Diagnosis of PDA. Essential features were a systolic 
murmur maximal at the left sternal edge or below the 
left clavicle, or a continuous murmur, with bounding 
pulses. When an arterial catheter was in situ the 
increased pulse pressure was measured directly. 
Serial chest x-rays, ECGs, and echocardiograms were 
performed. Infants were designated as having 
‘symptomatic PDA’ (SPDA) when CCF secondary to 
& large left-to-right ductus shunt developed. The 
clinical signs included tachycardia (>150/min), 
gallop rhythm, hyperdynamic praecordium with 
collapsing pulses, moist ráles in the chest on ausculta- 
tion, and hepatomegaly. A deterioration of 
respiratory function was often heralded by increasing 
apnoeic episodes and bradycardia. Infants already on 
mechanical ventilation experienced increased oxygen 
and ventilatory requirements. X-ray findings included 
prominent pulmonary vasculature and evidence of 
pulmonary oedema, ranging from hazy lung fields to 
complete white-out!? and cardiomegaly. Serial 
echocardiography showed significant increases in 
left ventricular end-diastolic (LVED) and left atrial 
(LA) dimensions, and a left atrial/aortic (LA/Ao) 
ratio >1:2:1. 


Management of PDA. Infants with PDA and no CCF 
were treated with careful regulation of the volume of 
fluid administered (120 ml/kg per 24 hours). Infants 
who had CCF were treated with digoxin and 
frusemide. Fluids were restricted to 80-100 ml/kg 
per 24 hours. Digoxin 10 ng/kg IV was given initially 
followed by maintenance therapy 24 hours later of 
5 ug/kg 12-hourly. Central haematocrit was main- 
tained above 40% with transfusions of packed cells 
10-15 ml/kg over 2 hours, followed by frusemide 
1 mg/kg. 


Indomethacin therapy. If, despite medical manage- 
ment, cardiac failure persisted or ventilatory 
requirement increased, indomethacin was admini- 
stered. The initial dose of indomethacin was 0-3 
mg/kg and this was repeated 24 hours later if the 
PDA murmur persisted. The course was repeated 
later if signs recurred. Because of drug insolubility, 
indomethacin was suspended in syrup BP and water 
vehicle (0-2 mg/ml) and given via a gastric tube. 
Hb, haematocrit, white blood count, platelet count, 
serum indirect bilirubin, stool guaiacum reaction, 
blood urea, and urine analysis were performed. 
Biood-gases and serum electrolytes were monitored 
routinely. Fluid intake, urinary output, and body 
weight were recorded daily. Serial chest x-rays, 
ECGs, and echocardiograms were performed. 
Contraindications to the use of indomethacin 
included bleeding tendency, necrotising enterocolitis, 
serum indirect bilirubin >150 pmol/l (8:8 mg/100 
ml), and blood urea >8 mmol/l (48-2 mg/100 mJ). 


Results 


Incidence. PDA was diagnosed in 27 1%) of 129 
infants «1500 g at birth. The incidence of PDA was 
higher in infants with lower birthweights: 16 (4154) 
infants weighing 501-1000 g compared with 11 
(1294) in infants weighing 1001-1500 g. Birth- 
weights and gestational ages of infants with and 
without PDA are given in Table 1. 59 (46%) infants 
had HMD. PDA was present in 16 (27%) of 59 
infants with HMD compared with 11 (16%) of 70 
without HMD. In addition, 2 infants with intra- 
partum pneumonia (group B  f-haemolytic 
streptoccal infection) and one infant with Wilson- 
Mikity syndrome had PDA. The incidence of PDA in 
infants with pulmonary disease (31%) was higher 
than that in the infants without (16%) (y?—5-72, 
P«0-03) The PDA murmur was first heard 
between 4 and 14 days after birth (median 6); 18 
(67 97) by the end of the first week, and 9 (33 %) in the 
course of the second week. 


Table1 Birthweights and gestations of infants 
weighing < 1500 g with and without PDA 


Infants 
All 
With PDA Without PDA infants 
(n=27) (n=102) (n=129 
Gestation 
Mean 28 23 29 
Mediar. 27 29 29 
24-33 24-36 24-36 
Birthweight 
1020 1180 1150 
Median 940 1220 1190 
Range 620-1400 570—1500 570—1500 
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Symptomatic PDA. 11 (41%) of the 27 infants with 
PDA had an uneventful course, uncomplicated by 
CCF or ventilator dependence, followed by 
spontaneous ductal closure. The remaining 16 (5975) 
developed CCF, 12 of whom weighed 501-1000 g. 
They fell into four clinical groups: (1) Three (19%) 
infants without respiratory disease developed PDA, 
CCF, and continued to deteriorate despite anti- 
failure treatment and ventilation. (2) Two (12%) 
infants with HMD who after a few days of gradual 
improvement of their respiratory distress deterio- 
rated after the appearance of PDA and CCF 
despite antifailure treatment, increased oxygen 
and ventilation. (3) Three (19%) with HMD or 
pneumonia developed PDA and CCF during the 
course of ventilatory treatment and continued to 
deteriorate despite antifailure treatment. (4) Eight 
(5092) infants with HMD developed PDA and CCF 
during the course of ventilatory therapy and, 
although stable on antifailure treatment, were 
ventilator-dependent. 


Indomethacin therapy. The 16 infants with sPDA 
who had persistent CCF or were ventilator-dependent 
despite antifailure treatment were treated with 
indomethacin. Their median birthweight was 840 g 
(range 620-1340) and median gestational age 26 
weeks (range 24-28). 12 of the infants weighed 
<1000 g. The first dose of indomethacin was 
administered between 8 and 22 days (median 10). 
Only 6 of 16 infants received the first dose before 
10 days of age. 

After the administration of indomethacin the time 
taken for clinical and echocardiographic evidence of 
ductal closure varied as did the number of doses 
needed to achieve this. Ductal closure with complete 
disappearance of both the PDA murmur and signs of 
CCF with return of echocardiogram to normal 
occurred in 9 (56%) infants. This was achieved 
within 24 hours of a single dose in 4 infants, and 
after a course of two doses in 5 infants. The murmur 
became softer and there was pronounced clinical and 
echocardiographic improvement in a further 3 
(19%) infants. Four (25%) infants failed to respond 
to indomethacin despite two courses of treatment in 
3 infants and three courses of treatment in the other. 
Two of these infants (birthweights 780 and 820 g) 
underwent surgical ligation of the ductus and 
recovered, The other 2 infants (birthweights 720 and 
980 g) remained critical on respiratory treatment and 
subsequently died of intraventricular haemorrhage 
in the third week after birth, 8 and 10 days re- 
spectively after treatment with indomethacin. The 
PDA murmur recurred with evidence of a left-to- 
right shunt in 3 of the 8 infants whose ducts closed 
after the first course. This coincided with acute 


hypoxaemia due to blockage of the endotracheal tube 
in one instance, increasing respiratory distress from 
pneumonia in another, and inadvertent sudden 
increase in the parenteral fluid infusion rate in the 
third. The effects of indomethacin on LVED and LA 
dimensions and the LA/Ao ratio are shown in 
Figs 1 to 3. 


Morbidity and mortality. Urinary output fell in 
several infants receiving indomethacin after the 
first dose; 24 to 48 hours after the last dose, urine 
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Fig. 1 Left ventricular end-diastolic dimension before 
and after treatment with indomethacin. 
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Fig. 2 Left atrial dimension before and after treatment 
with indomethacin. 
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Fig. 3 Left atrial/aortic ratio before and after 
reatment with indomethacin. 


Table 2 Survival rates of infants weighing <1500 g 
with and without PDA 





Birthweight (g) No. of infants Total survivors 

With PDA Without PDA 

Survived Died Survived Died No. % 
301—750 (n—™« 10) 2 3 3 2 5 50 
751-1000 (n29) 9 2 10 8 19 66 
1001-1250 (n=37) 3 0 23 11 26 70 
1251-1300 (n-53) 8 0 40 48 91 
Total (n= 129) 22 (81%) 76 (7594) 98 76 


flow returned to normal. Throughout the episodes of 
oligzuria, serum electrolytes remained normal and 
excessive weight gain was prevented by appropriate 
restriction of fluid intake. No other complications of 
indomethacin administration were observed. 

11 (9%) of the 129 infants «1500 g developed 
bronchopulmonary dysplasia (BPD) of whom 10 
were «71000 g at birth. Eight (30 75) of the 27 infants 
who had PDA. developed BPD, the ductus in these 
cases remained patent for up to 8 to 20 days of age. 
Only 3 (392) of 102 infants without PDA developed 
BPD. This association between PDA and subsequent 
development of BPD is significant (y*—16-2, 
P<0-001). 

Overall survival in this series was 76% (Table 2). 
Survival rates ranged from 50% in infants weighing 
501 to 750 g, to 91% in the 751 to 1000 g weight 
group. 


Discussion 


Previous reports of PDA in preterm infants have 
ranged from 15 to 36% depending on the degree of 
prematurity, frequency of HMD, and incidence of 
early neonatal mortality.! 3 14-15 This compares with a 
21% incidence of PDA reported in the present series 
of preterm infants < 1500 g, with a higher incidence 
of 419; in infants 501-1000 g. In addition the inci- 
dence of PDA was significantly higher in infants with 
pulmonary disease, primarily HMD, compared with 
those without, as has been reported earlier. * 
Evaluating the magnitude of left-to-right shunts in 
preterm infants with PDA is of fundamental 
importance in their management. Since cardiac 
catheterisation may be a considerable risk to these 
seriously ill infants, a simple noninvasive method is 
invaluable. Silverman et al!$ described the echo- 
cardiographic measurement of the LA/Ao ratio as a 
valuable index of the size of left-to-right ductal 
shunts. However there are reports of infants with 
substantial left-to-right shunting across a PDA in 
whom absolute LA dimensions and LA/Ao ratios 
were within normal limits.!" In these reports the 
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LVED was more reliable. To avoid these pitfalls we 
performed serial echocardiography on these infants 
and used significant increases in LA/Ao ratio, LA 
and LVED dimensions in our echocardiographic 
evaluation. An LA/Ao ratio over 1:2:1 signified heart 
failure and a ratio of 1:5:1 was a critical value 
signifying the need to attempt closure of the ductus. 
Graphs previously obtained from 25 normal preterm 
infants served as normograms for LÀ and LVED 
dimensions. Serial echocardiographic assessment 
thus provided objective criteria which helped to 
determine the magnitude of L-R shunting and 
decide when ductal closure was required for the 
infant to survive. 

Complete pharmacological closure of sPDA was 
achieved in 56% of preterm infants treated, and 
partial closure with reduced left-to-right shunting 
and clinical and echocardiographic improvement in a 
further 19%. Indomethacin failed to produce 
constriction in 25%. Heymann et al. reported 
success in over 90% of preterm infants treated. In 
their series only 5 out of 15 infants weighed < 1000 g 
and most had gestational ages over 28 weeks. 
Merritt et al.* reported success in 32 (9197) out of 
35 infants. In their study 9 (26%) infants had 
birthweights over 1500 g, and only 10 (29%) were 
< 1000 g. The morbidity and mortality rate related to 
PDA in infants weighing > 1500 g is slight and such 
babies rarely pose a problem in management. In the 
present series, 12 (75 92) of the 16 infants treated with 
indomethacin were «1000 g, all of whom had 
gestational ages between 24 and 28 weeks. All 4 
infants who did not respond to indomethacin had 
gestational ages between 24 and 26 weeks and 
weighed «1000 g (range 720—980). Heymann et al.® 
had one failure out of 5 infants weighing < 1000 g 
when given indomethacin. It would therefore appear 
that while indomethacin is successful in constricting 
the PDA in preterm infants weighing >1000 g with 
gestational ages >28 weeks, it is less successful in 
more immature infants weighing «71000 g. Neal 
et al.“ have reported an 80% failure rate in preterm 
infants with HMD and PDA which they attributed to 
administering the drug after 10 days of age. In our 
series too, only 6 out of 16 infants were given the 
drug under 10 days. This was due to CCF being 
treated first with antifailure treatment and indo- 
methacin administered only if this failed. Of the 4 
infants who failed to respond to indomethacin, only 
one had it earlier than 10 days. This too may have 
contributed to the 25 % failure rate (4 infants). 

The association between PDA. and the subsequent 
development of BDP in this study was striking. Three 
main factors have been implicated in the pathogenesis 
of BPD: barotrauma from mechanical ventilation,18 
oxygen toxicity,/® and CCF secondary to left-to-right 


shunting through a PDA. Gay et al. showed that 
PDA and large left-to-right shunts over 2 days 
increased the risk of developing BPD.™ Early ductal 
closure may shorten the duration of ventilatory 
assistance and thereby reduce the risk of BPD, 
besides increasing the chances of successful pharma- 
cological closure. 

Several principles have emerged from the 
experience in this and other recent studies with 
indomethacin in sPDA. (1) Extremely preterm 
infants are less likely to respond to indomethacin. 
(2) Success is more likely if the drug is administered 
early, before 10 days of age. (3) Dosage of 0:3 mg/kg 
repeated in 24 hours is safe and causes no un- 
toward side effects. (4) Increasing dosage will not 
increase success rate. (5) Bleeding tendency, hyper- 
bilirubinaemia, and renal dysfunction are contra- 
indications to its use. (6) Urinary output must be 
carefully monitored. (7) Long-term prognosis is still 
to be ascertained after clinical trials with this drug. 
(8) Indomethacin is effective in closing the ductus 
and a useful alternative to surgical ligation. (9) If it 
fails surgery should follow. 
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Comparison of hexachlorophane and chlorhexidine 
powders in prevention of neonatal infection 


V G ALDER, D BURMAN, R A SIMPSON, J FYSH, AND W A GILLESPIE 
Department of Paediatrics and Department of Microbiology, Bristol Maternity Hospital, Bristol 


SUMMARY The protective effect of treating the skin of newborn infants with powders containing 
1% chlorhexidine or 0:33% hexachlorophane was compared. Each was equally effective in 
preventing colonisation and infection by Staphylococcus aureus. In contrast, the skin became 
profusely colonised by coagulase-negative staphylococci, irrespective of the powder used. Venous 
blood concentrations of chlorhexidine were low or undetectable in the few infants whose blood was 


analysed. 


The value of topical chemoprophylaxis with hexa- 
chlorophane against staphylococcal colonisation and 
infection in the newborn is well known. The fact 
that some hexachlorophane is absorbed through the 
Sskin* led to a withdrawal of hexachlorophane 
prophylaxis in many hospitals. This withdrawal was 
often followed by a resurgence of staphylococcal 
sepsis, thus confirming the value of the chemo- 
prophylaxis.5-13 

Toxic effects have been caused by absorption of 
hexachlorophane but only if used in excessive 
quantities! or if applied to skin that had been 
damaged by burns or disease* 15. No side effects have 
been reported in more then 200 000 infants since a 
talcum powder containing 0:33% hexachlorophane 
was introduced in Bristol 20 years ago, nor have side 
effects been reported in the many infants so treated 
elsewhere. The blood concentration of hexachloro- 
phane in powder-treated infants is very low, greatly 
below the level found to be toxic in animals." !* 
Similarly, Plueckhahn et a? failed to find evidence 
of damage in very large numbers of infants treated 
with a hexachlorophane emulsion. On this evidence it 
would be unwise to stop using hexachlorophane as 1t 
gives considerable protection against staphylococcal 
1nfection, until an equally effective alternative can be 
found that is still safer. 
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Materials and methods 


Infants of at least 37 weeks’ gestation and born by 
vaginal delivery were randomly selected from two 
lying-in wards of this hospital. All infants were 
white, of normal birthweights, and remained in the 
ward for at least 7 days. At birth, the cord was cut at 
4 cm from the skin, ligated with a rubber band, and 
sprayed with a chlorhexidine preparation (Hibispray 
No. 1, ICI Ltd). The management of all infants was 
identical, except for the disinfectant powder used. 
One group was treated with a talcum powder 
containing 1% chlorhexidine (Hibitane, ICI Ltd) 
and the other with 0-33 % hexachlorophane powder 
(Ster-zac, Hough, Hoseason and Co. Ltd) already in 
routine use in this hospital. Both contain 3% zinc 
oxide. There were no differences in gestational ages, 
sex, duration of labour, or birthweights of infants in 
either group. There was no untreated group of babies 
as it was not considered justifiable to withhold 
antistaphylococcal prophylaxis. Each infant was 
dusted liberally with powder all over the trunk, once 
daily; in addition the umbilical and perineal areas 
were powdered at each napkin change after wiping 
the umbilical cord with alcohol. 

Swabs were taken from the umbilicus, perineum, 
nose, and axillae on the day of birth and on two days 
subsequently—on day 3, 5, or 7. These were 
placed immediately in Stuart's transport medium to 
which was added disinfectant neutralisers (2% 
Tween 80 and 0:3% Azoletcin). Swabs were 
inoculated on to blood agar containing 10% 
neutraliser, and on to MacConkey's agar and 
Sabouraud's agar using a serial dilution technique. 
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Plates were incubated aerobically for 48 hours at 
379C. 

Clinical signs of infection were recorded, 
particularly umbilical or eye infections, and septic 
lesions of the skin or paronychiae. Swabs from all 
lesions were cultured. Skin reactions other than 
infections, such as erythema and oedema, were also 
noted. 

Heparinised venous blood samples were taken 
from each infant when venous blood was required 
for other clinical investigations. Venepuncture was 
not justifiable for experimental purposes only; 
capillary blood samples were not taken since 
contamination with chlorhexidine on the skin could 
not have been excluded. The blood samples were 
stored at --20°C and sent to the Huntingdon 
Research Centre, Cambridgeshire, for estimation of 
chlorhexidine by gas-liquid chromatography.!? 


Results 


A total of 189 infants entered the trial but 15 who left 
hospital before the 7th day were withdrawn. Of those 
remaining, 87 were treated with hexachlorophane 
and 87 with chlorhexidine powder. 

The aerobic microbial flora of nose, axillae, 
perineum, and umbilicus is shown in Table 1. 
S. aureus was rarely isolated and there was no 
difference between the two groups in colonisation by 
this organism. S. aureis colonisation of the nose was 
usually greater than at other sites and increased with 
age (Fig. 1). Only 3 proved staphylococcal infections, 
paronychiae, or eye infections were found in each 
group. 

However, colonisation Ly coagulase-negative 
staphylococci was heavy, 70-30% foz all sites from 
the day of birth, irrespective of the powder (Fig. 1). 
Other organisms that were isolated are shown in 
Table 1. The only difference between the effects of the 
two treatments was in the lower colonisation by 
Escherichia coli of the umbilicus and perineum in the 


chlorhexidine-treated group (Fig. 2). However, no 
Infection was caused by any organism other than 
iS. atr eus. 

Tte incidence of skin reactions was very low in 
both groups. One infant in the chlorhexidine- 
treatzd group developed a slight transient erythema 
and 6 infants in each group had skin reactions 
unrelated to the powders—such as napkin rash and 
neoratal urticaria. 

The separation time of the umbilical cord did not 
significantly differ between the chlorhexidine- and 
hexachlorophane-treated groups (Table 2). 


5 aureus Coagulase- negative 
staphylococci 
" 
Nose . 
Urnbilicus | 


m 
| 
Em 
b 
b 


t | 


Infants colonused (°/.) 
iltet og. 
Lá 


)»0- coe OT meets meet 


Axliae 


0 7 — 2L mL o c5 dn 


1 3 5 7 1 
Age (days) 


[ ]Chtahexidine 
Mi Hexachiorophane 





Fig. 1 Colonisation of infants by Staphylococcus 
aureus and coagulase-negative staphylococci. 


Table1 Microbial flora: percentage of irfants colonised at any sampling time during the study 





Organism Percertage af ugients colonised 
Nase Umbilicus 
Chlor- Hexachloro- Chlor- 
hexadine hexidwute 
Staphylococcus aureus 21-2 34 0 24 
Coagulase-negative: 
staphylococci 92.0 87 0 TES 
Escherichta colt 24.0 15.2 42-0 
Other Gram-negatives 54 2:0 94 
Streptococcus faecalis 22-6 13-8 12 3 
Candida albicans 0 1-2 4-9 
Others 1 2 0 2-4 


Perineum Axillae 

Hezachloro- Chlor- Hexachloro- Chlor- Hexachloro- 
phare hexidine phane hexidine phane 

222 4.8 5.5 4 8 4-6 

83 0 92.0 88.0 97 $ 98.0 

56 0 62 5 75 0 250 21 8 

10-1 120 18 2 5.4 40 

11-7 15-5 20 8 18-8 16 6 

2- 4-7 0 4.6 58 

0 0 0 1:2 0 
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Fig. 2 Colonisation of infants by Escherichia coll. 


Table 2 Effects of dusting powder on dates of 
separation of umbilical cord 


Powder Separation day Median 


3 45 678 >8 

Chlorhexidine (1%) 2 1018 30184 5 6 

+ 3% zinc oxide (n = 87) 
Hexachlorophane (0 3322 

+ 3% unc oxide (n = 87) 


2 1420 24 201 6 6 


The concentration of chlorhexidine was determined. 
in the blood of 12 infants (Table 3). The level was 
slightly raised above the limit of detection of the 
assay method in two (Cases 2 and 12). One of these 
was in the hexachlorophane-treated group, and it 
may be significant that his mother was the only one 
to have had chlorhexidine solution instilled into her 
bladder before delivery. Hibitane cream is used for 


Table 3 Blood chlorhexidine concentrations in 
infants treated with hexachlorophane or chlorhexidine 
powder 


Case Age (days) Blood-chlorhexidine 
(mg/l) 
Hexachlorophane 
1 5 None detected 
2 6 0-146* 
3 9 0-062 
4 ít 0 047 
5 13 0 053 
Chlorhexidine 
6 3 None detected 
7 6 0-032 
8 6 0-017 
9 6 0 034 
13 None detected 
10 7 0 019 
11 7 None detected 
12 10 0 098* 


* Values significantly different from the background peak heights at 
95% confidence level. 


vaginal examinations and the mothers of the two 
infants with significant chlorhexidine levels had had 
more examinations than the others. 


Discussion 


The use of chlorhexidine or hexachlorophane 
dusting powder in this study was associated with 
equally low levels of colonisation and infection by 
S. aureus. In contrast, colonisation of all sites by 
coagulase-negative staphylococci was strikingly high 
from the first day of life, irrespective of the dis- 
infectant. This consistent and tenacious colonisation 
may represent & protective role of the normal skin 
flora. The only significant differences in bacterio- 
logical findings between the two powders was the 
lower colonisation of the umbilicus by £F. coli in the 
chlorhexidine-treated group. Gillespie and colleagues 
Observed delayed umbilical separation time using 
0-2% chlorhexidine in talcum without zinc oxide,” 
but in the present study we observed no difference 
between infants treated with chlorhexidine and 
hexachlorophane powders, both of which contain 
3% zinc oxide. The zinc oxide, with its astringent 
properties, is probably more important than the 
disinfectant in reducing cord separation time.*? 

Plueckhahn ef al.™ expressed concern that the 
widespread use of 4% chlorhexidine gluconate 
would increase the incidence of species of 
Pseudomonas and Proteus with associated problems 
of cross infection. However, using a lower con- 
centration of chlorhexidine (194) we found no 
increase in colonisation by these organisms. 

The very low blood levels found in the few infants 
from whom samples were obtained are in line with 
the results of Cowen et al.?? who studied percutaneous 
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absorption in infants bathed with chlorhexidine 
solution. Case et al?! failed to demonstrate per- 
cutaneous absorption from handwashing in 5% 
aqueous chlorhexidine solution. Chow et al.24 in 
studies on rats found that less chlorhexidine was 
absorbed than hexachlorophane under similar 
conditions. 

Even when chlorhexidine is absorbed, its toxicity 
appears to be low. The LD,, values for chlorhexidine 
gluconate administered to laboratory animals by 
oral, subcutaneous, or intravenous routes are very 
high.™ There is a lack of information on toxic effects 
caused by chlorhexidine in man, and we can find no 
evidence of systemic toxicity from topical use. 

We believe that a topical disinfectant should be 
used to prevent staphylococcal infection of infants in 
maternity hospitals. Doctors who prefer to use the 
disinfectant in powder rather than in liquid form may 
choose either 1% chlorhexidine or 0-397 hexa- 
chlorophane in prestezilised talcum powder and 
apply it to the whole body as well as to the umbilicus. 
The choice will depend on the risks of toxic side 
effects. Hexachlorophane powder has been con- 
sistently effective for more than 20 years and has 
caused no harm when correctly used. Blood levels 
in mature infants after 8 days’ treatment were well 
below presumed toxic levels based on animal 
experiments.!9 2° Plueckaahn et al. found similarly 
low blood levels in infants treated with hexachloro- 
phane either as 0°75 % emulsion or 0- 59% in powder. 
However, there have been serious consequences when 
hexachlorophane was grossly misused or wrongly 
formulated.4 14 15 

Chlorhexidine was as effective as hexachlorophane 
and since evidence suggests that it has a wider 
margin of safety than hexachlorophane, many will 
probably prefer it. Chlorhexidine powder should 
soon be available commercially for use by those who 
prefer to avoid hexachlorophane. 


We thank Mr J L Honigman of the Medical Depart- 
ment, and Miss E A Laws (Statistics), ICI Limited, 
Pharmaceutical Division, for assistance and for 
supplies of Hibitane powder, and the nursing 
staff of the Bristol Maternity Hospital, particularly 
Sister M E Knight, for co-operation. 
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Gestational age in twins 


WILLIAM H JAMES 
The Galton Laboratory, Department of Human Genetics and Biometry, University College, London 


SUMMARY Dubowitz et al.! have offered a scoring system for estimating the gestational age of 
newborn babies. If the system is applied to twin pairs, the heavier twin is generally estimated to have 
a greater gestational age than the lighter one. Previously this has been interpreted as a flaw in the 
scoring system. However, if may well be that in some twin pairs the gestational ages are slightly 
different and that therefore, the heavier twin would be expected to have a greater gestational age. 
Such cases would arise through superfecundation (the formation of two zygotes from different 
coitions). Superfecundation can be proved only in rare cases (those with two fathers). It can be 
argued that the rarity of such cases is accounted for by the rarity with which women expose them- 
selves to the risk of bearing such twins (and by the improbability of detection), rather than by the 
rarity of superfecundation. It is inferred that superfecundation by the same man is relatively common 
and that therefore dizygotic twins quite often have different gestational ages. The scoring system of 
Dubowitz can be tested for bias by submitting monozygotic pairs to it: the association between 
weight and estimated gestational age should be absent in such pairs. If the system proves free of such 
bias, then a finding first reported here will assume some interest: it is that in opposite-sexed twin 
pairs, the male is significantly more often assessed as having the greater gestational age. It is suggested 
that this finding should be provisionally accepted as evidence for the hypothesis that male zygotes are 


formed earlier than females. 


It has been independently hypothesised on the basis 
of direct? and indirect data? that the sex of a zygote 
is associated with the time of its formation within the 
menstrual cycle. Further data supporting the notion 
have been presented by Guerrero,* James,57? and 
Rostron and James:? it also seems to be supported 
by data on the sex ratio in twins? and, among them, 
in monchorionic twins! and acardiac monsters." 
The hypothesis has been clarified!? and the evidence 
for it reviewed.1? 

If the hypothesis were true, then presumably the 
sexes of the two zygotes in a pair of dizygotic (DZ) 
twins would not be independent. And if this were so, 
then Weinberg's differential rule would not be 
exactly true. Evidence (at the 0-01 level of 
significance) impugning the rule has been presented.14 

Even if it were accepted that the rule is flawed, it 
would not necessarily imply that the hypothesis 
(outlined above) is true. However, if it could be 
shown that in opposite-sexed twin pairs, the gestation 
of the female is generally less than that of the male, 
the hypothesis would be substantially strengthened. 


The Galton Laboratory, Department of Human Genetics and 
Blometry 
WILLIAM H JAMES, associate research fellow 
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Materials and methods 


As far as I know, only one set of raw data has been 
published on estimates of gestational age of twins, 
and that is the set by Keet et al? which used a 
scoring system devised by Dubowitz et al Of the 15 
opposite-sexed pairs with differing estimates of 
gestation in these data, the male was assessed as 
having had the longer gestation in 11 pairs and the 
female in only 4. Tested against the null hypothesis of 
equal expectations, y? = 3-27, and since the 
hypothesis is directional, one may use a one-tailed 
test, P&S0-035. 


Discussion 


Before interpreting this result as evidence in favour of 
the hypothesis, one must consider whether it is 
simply a consequence of a scoring system which 
estimates gestation indirectly from weight, without 
due regard to the fact that male infants generally 
weigh more than females ones. 

Keet et al. touched on this point, noting that the 
mean estimate of gestational age of the heavier twin 
was about 0:4 weeks longer than that of the lighter 
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twin in each pair. They wrote that this was not 
significant. However in their data there were 26 twin 
pairs in which 2 members were assigned different 
gestational ages. And or these, 19 heavier twins were 
assessed as having had longer gestations, and only 7 
lighter twins, y? = 5:54, P<0-02, two-tailed. So 
there is a suspicion that gestational age is estimated 
to be rather greater for the heavier twin in a given 
pair. This suspicion is supported by the data of 
Woods and Malan" who found that, using the same 
scoring system, the heavier twins in their sample were 
also assessed as having had longer gestations. 
Falkner," and Dubowitz and Dubcwitz!® com- 
mented on this finding. 

What relevance have these findings to the hypo- 
thesis outlined? First, it is worth considering the 
accuracy of the score. Dubowitz et al. stated that the 
95% confidence limits cn a prediction of gestational 
age were + 2 weeks, and that this was reduced to 
1-4 weeks if the average of two independent scores 
was used. So the test seems to be remarkably 
accurate, bearing in mind that the error variance of 
the score includes the variance of the preovulatory 
phase of the cycle (of women selected by Dubowitz 
et al? as having cycles of 28 + 2 days). This latter 
variance is not negligible. It is usually agreed that 
ovulation is closely associated in time with the 
luteal hormone surge? So the variance of the 
postovulatory phase of the cycle may be assessed 
from data given by Kolodny and Bauman.? And 
this variance is smaller than the variance of the 
preovulatory phase.” One would infer that if it were 
possible to date fertilisation accurately (instead of 
using last menstrual period), the performance of the 
Dubowitz scoring system against this criterion 
would be very good indeed. Accordingly, one might 
wonder if the system is not biased, and if there is a 
true association within DZ twin pairs between weight 
and gestation. This would imply that in an 
appreciable proportion of DZ twin pairs, the times 
of formation of the two zygotes were different: or, in 
other words, that such twins were the result of 
superfecundation. Evidence for such a suggestion is 
as follows: (1) It seems that coital rate is positively 
associated with DZ twinning rate when maternal age 
is controlled.™ It is hard to see how this could occur 
except as a consequence of superfecundation (the 
fertilisation of two ova at different coitions). (2) 
Stieve,?? reviewing a series of necropsies, concluded 
that in cases of double ovulation, the times of 
release of the 2 individual ova within the cycle are 
unrelated. Of course, one must bear in mind the 
possibility that if a considerable interval of time 
separates the release of a second ovum after a first 
has been fertilised, tbe fertilisation or implantation 
of the second may be inhibited. (3) There is direct 


evidence of superfecundation based on (a) blood 
group data and (b) twin infants who, at visual 
inspection, suggest more than one paternal racial 
origin. 

It is impossible to prove superfecundation by the 
same father. However the existence of these 
admittedly rare cases by different fathers would lead 
one to suppose that superfecundation (and hence 
cifferent gestations) by the same man is quite 
common. The point may be illustrated by considering 
the rarity of the circumstances which must precede a 
case of proved or accepted superfecundation: 


(1) About one pregnancy in 150 is of DZ twins in 
white populations. 

(2) The woman has to have unprotected coitus with 
two different men in the fertile interval(s) 
surrounding these ovulations. The rarity of such 
a set of events may roughly be assessed from the 
fact that nonpaternity (the probability of a child 
not having been fathered by the mother's 
husband) has been estimated at 14-3% in 
California.*4 

(3) Even if the woman has two sexual partners and 
even if superfecundation occurs, then the 
probability of double paternity is still less than 
one half. This is because it is more likely that the 
two fertilisations will be by the same man 
(assuming that the two coitions are in random 
order, and that the men have unequal pro- 
babilities of achieving fertilisations). And this 
point is strengthened if, as would be realistic, the 
coital rates of the woman with the two men are 
also supposed to be unequal. 

(4) Either the two fathers must each be of a different 
race (see Radasch?? for a review of such cases), or 
they must both be available for blood testing in 
circumstances which at least one of them is likely 
to regard as uncongenia].?9-37 


It would, in principle, be possible to estimate the 
incidence of superfecundation in DZ twin pairs if one 
had estimates of the incidence among DZ twin pairs 
of those fathered by two men, and the frequency with 
which a woman exposes herself to the risk of 
producing such twins. 

Data given by Terasaki®’~*® enable one to make 
estimates of these parameters and thus to derive an 
estimate for the probability of superfecundation. The 
confidence limits for the estimate are extremely wide 
but still enable one to infer that the comparative 
rarity of accepted or proved double paternity is more 
a consequence of the rarity with which a woman 
exposes herself to the risk of it (and to the impro- 
bability of its being detected) rather than to the rarity 
of superfecundation (see Appendix). It seems then 
that superfecundation by the same man may be a 


relatively common event and that therefore the 
association between weight and estimated gestation 
within twin pairs may not entirely be a flaw of 
Dubowitz's scoring system but a genuine 
phenomenon. 

The point could be tested by examining the 
weights and estimated gestations of monozygotic 
(MZ) twin pairs. These infants (unlike DZ twin pairs) 
are known to have the same gestational age. If there 
is anything in the suggestion, then the relationship 
between weight and estimated gestational age in MZ 
pairs should be absent or at any rate smaller than 
thatin DZ twin pairs. 


Iam grateful to Sir Alan Parkes, Galton Foundation, 
for advice, and Mrs L van Aernsbergen, Royal 
Society of Medicine, for help with translating. 
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Appendix 
An estimate of the incidence of superfecundation. 


Superfecundation is the fertilisation of two different 
ova in the same cycle by sperm from different 
coitions. Here the incidence of superfecundation by 
one man is estimated from the (admittedly small) 
number of cases in which it is known to have 
happened with two. In 1000 cases of disputed 
paternity, 25% of the putative fathers were not the 
true fathers, and 64% were the fathers (with a 
probability of 90% or greater); 10% could not be 
resolved.28 Among these cases was one pair of DZ 
twins with double paternity.?? 

It is required to estimate the percentage of these 
women who had unprotected coitus with two men 
during the fertile period. (‘Fertile period’ here 
denotes that time interval during the cycle when the 
probability of conception is nonzero). It seems clear 
that of such women, some (by chance) will conceive 
by the husband, and some by the lover. It also seems 
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likely that some women conceiving by a lover would 
not also have had coitus with the husband during the 
fertile period. So one would estimate that in 
Terasaki's sample fewer than half (= 2 x 25%) of 
the women had unprotected coitus with two (or more) 
men during the fertile period. 

Among those who have had coitus with two men 
and who subsequently have DZ twins, let P be the 
proportion who conceive them through super- 
fecundation. It is clear that, by chance, less than P/2 
of them will in fact achieve double paternity (because 
though superfecundation occurs, both fertilisations 
will be by the same man). 

We may assume (for illustrative purposes) that 
paternity is not more frequently disputed after the 
arrival of twins. DZ twins occur about once in 150 
maternities in Caucasian samples, so the data of 
Terasaki?! may be expected to contain about 7 pairs 
of DZ twins. Of these (it is suggested above) fewer 
than half, say 3, were estimated to bave been pre- 


ceded by coitus with two men. And among these 3, 
there was one case of double paternity. 


So P/2 >44 


Whence P, the proportion of DZ twins initiated by 
superfecundation is estimated at more than 4. Now 
the lower confidence limit (5%) for a Poisson 
expectation of 1 (known set of twins with double 
paternity) is 0-05. So the estimate of P may be high 
by a factor of 20. But this seems unlikely, bearing in 
mind the decision during the course of the calculation 
to use paremeter estimates that would lead to a 
conservative estimate of P. 

In summary, this one case of double paternity 
suggests thet superfecundation is not at all rare: it 
suggests that the proportion of pairs of DZ twins 
initiated by superfecundation is more than 1 in 30 
and perhaps over 1 in 2. At any rate it is sufficiency 
high to require consideration in validation studies on 
Dubowitz test scores on twin pairs. 
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serum 25-hydroxy-vitamin D levels in malnourished 


children with rickets 


N RAGHURAMULU AND VINODINI REDDY 


National Institute of Nutrition, Hyderabad, India 


SUMMARY Serum levels of calcium, phosphorus, alkaline phosphatase, and 25 hydroxy-vitamin D 
(25-OH-D,) were measured in normal and malnourished children with and without rickets. Children 
with rickets had clinical, biochemical, and x-ray evidence of the disease; most of them were mal- 
nourished. 25-OH-D, levels were lower than in normal children. After treatment with vitamin D 
their condition improved. 25-OH-D, levels were also found to be reduced in malnourished children 


without rickets. 


These studies show that rickets is common is malnourished children. Inadequate exposure to 
sunlight appears to be the factor mainly responsible for the high incidence of the disease. In addition, 
malnutrition perhaps contributes to the development of rickets. 


Nutritional rickets is not rare among children in 
India, despite abundant sunshine. The reported 
incidence varies from 0-8 to 20% depending on the 
criteria! * Rickets is usually described as a disease of 
rapidly growing children, yet many children who 
come to our hospitals with clinically overt rickets 
are found to be malnourished." The factors 
responsible for this are not clearly understood. 

Alterations in serum calcium, phosphorus, and 
alkaline phosphatase are conventional criteria used 
in the diagnosis of rickets. However, these para- 
meters have been shown to be of limited value in the 
case of malnourished children with rickets.$ 8 Direct 
assessment of vitamin D status is now possible 
using a highly sensitive assay for 25-hydroxy- 
vitamin D (25-OH-D) which is the main circulating 
form of the vitamin. Using this criterion, vitamin D 
deficiency has been shown to be widely prevalent 
among Indian immigrants in Britain.) There is 
however no information on this aspect in our own 
population. The present study was undertaken to 
determine serum 25-OH-D, levels in normal and 
malnourished children with and without rickets in 
India. 


Subjects and methods 


54 children aged between 1 and 6 years were investi- 
gated. They were divided into 3 groups according 
to their nutritional status. 

National Institute of Nutrition, Hyderabad 


N RAGHURAMULU, assistant director 
V REDDY, deputy director 


Group I (n = 13). These were apparently healthy 
children whose weights were above the 80th centile 
of the local standard.” 


Group 2 (n = 19). These were malnourished children 
whose weights were below the 80th centile. of the 
standard. Six children had clinical signs of 
kwashiorkor. 


Group 3 (n = 22). These were children with clinical 
and x-ray evidence of active rickets. Four children 
had weights above the 80th centile of the standard. 
The other 18 children were malnourished as judged 
by weight for age; they showed varying degrees of 
wasting but no oedema. None of them had a 
complaint which could be attributed directly to 
rickets. The presenting features were mainly 
diarrhoea or respiratory symptoms. 


Children with protein-energy malnutrition 
and those with rickets were admitted to hospital, 
while the normal children were investigated as 
outpatients. 

Fasting blood samples were analysed for serum 
calcium,!? phosphorus, and alkaline phosphatase.!5 
Serum 25-OH-D, was measured by the competitive 
protein-binding assay using rat serum.!$ 

Children with rickets were treated with a single 
intramuscular dose of 600000 IU vitamin D2. 
Appropriate treatment was also given for infections. 
Biochemical studies and x-rays were repeated 2-3 
weeks after treatment. 
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Table 1 Serum biochemical parameters (mean + SE) in children 








Group Alkaline paosphatase Inorganic phosphorus cium 25-0 H-D 
(Bodansky umts) (mg/100 mi) (eng /100 ml) (ng/ml) 
i Normal (n = 13) 10 2 + 0-73 514028 10 1 + 0-46 34 1 4 3.43 
2 Malnourished (n = 19) 8 8 + 0-83 4.3 +0 31 9710 38 21-1 + 1-58" 
3 Rickets (n = 22) 
Well nourished (n = 4) 29 3 + 9-06*** 28+0 29 8.2 + 0 62* 7.1 4 2 67*** 
Malnounshed (n = 18) 20.5 + 2-56*** 2 6 40 21% 8 9 + 0-26* 4 8 4 0 68*** 





oe P<0 001; * P0 05 compared with normal children 


Conversion: traditional units to SI—Inorganic phosphorus: 1 mg/100 ml œ 0:323 mmol/l. Calcium. 1 mg/100 ml æ 0 250 mmol/l Serum 


25-OH-D;: I ng/ml m 2:4962 nmol/l. 


Table 2 Effect of vitamin D administiatior: on 
serum biochemical parameters (mean + SE) in rickets 


Serum biochemical parameter Before After vitamin D 
treatmeat treatment 
Alkaline phosphatase (Bu) 33 64422 16-0 + 1-73*** 
Inorganic phosphorus (mg/100 ml) 2 5 + 0 56 € B -E0O41€* 
Calcium (mg/100 ml) 8-2 +067 9-3 40 37% 
25-OH-D3 (ng/ml) 654165 318-5 pa 


+P 0.001, **P—0 02 compared with values before treatment. 
Conversions are given in footnote to Table L. 


Results 


In children with rickets, serum calcium and 
phosphorus concentrations were significantly low, 
while alkaline phosphatase activity was increased 
compared with that of normal children (Table 1). 
The mean level of alkaline phosphatase was higher 
in well nourished children then in malnourished ones 
with rickets. 

In normal children, serum 25-OH-D, levels 
ranged from 20 to 60 ng/ml (49-9 to 149-8 nmol/D 
with a mean of 34-1 ng/ml (85:1 nmol/I). The mean 
levels of 25-OH-D, were significantly low in children 
with rickets (group 3) and also in malnourished 
children without rickets (group 2) compared with 
levels in normal children. The reduction was very 
pronounced in children with rickets. 

After vitamin D administration, children with 
rickets showed improvement in all the biochemical 
parameters (Table 2). Serum 25-OH-D, showed a 
significant increase from a mean level of 6:5 to 
31-8 ng/ml (16:2 to 79:4 nmol/l). X-rays gave 
evidence of healing. 


Discussion 


In the present series about 5 % of patients admitted to 
hospital had rickets. Although this may not convey 
the true incidence of the disease, it shows that 
rickets is a fairly common disorder in children. All 
the children came from families in the low socio- 
economic group and many of them were mal- 
nourished. Other repor:s also show that rickets is 


common in malnourished children.5 ? It is not clear 


' whetker these two factors merely coexist because of 


poverty and poor living conditions, or whether 
malnutrition is causally related to rickets. 

All our patients had clear clinical and x-ray 
evidence of rickets. Serum alkaline phosphatase 
activity was raised to a greater extent in well 
nourished children with rickets than in malnourished 
children with rickets. These results are in line with 
our earlier observations. Other workers have also 
reported that malnutrition can modify the bio- 
chemical changes which are characteristic of 
rickets, and therefore that serum biochemistry is not 
a ways a reliable diagnostic tool in such cases.? 

Seram 25-OH-D, is now recognised as a sensitive 
indicator of vitamin D status. In the normal children 
studied here, 25-OH-D, levels ranged from 20 to 60 
ng/mL These levels are higher than those reported in 
Asian immigrants in Britain? among whom rickets 
is reported to be a problem. This is probably because 
children in the UK lack the protective effect of 
sunlight of their home countries. 

In children with rickets serum 25-OH-D, levels 
were significantly low, ranging from 0 to 10 ng/ml 
(0 to 25 nmol/D. After treatment with vitamin D3 
there was a significant increase from a mean level of 
6:5 ng/ml to 31-8 ng/ml. Other biochemical 
parameters were also restored to normal. These 
observations indicate that the children studied here 
were suffering from vitamin D deficiency. 

It ts interesting to note that serum 25-OH-D, 
levels were also reduced in malnourished children 
without rickets. Although the levels were not low 
enough to cause symptoms, they were significantly 
lower than those of well nourished children. These 
findings suggest that in protein-energy malnutrition, 
cutaneous synthesis of vitamin D may be impaired, 
or there may be a defective conversion of the vitamin 
to its active metabolites. However, it can also be 
argued that malnourished children, being inactive, 
may rot be exposed to sunlight to the same extent as 
normal children. 

There may be several factors that could contribute 
to the wide prevalence of rickets in poor communities. 
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The dietary intake of vitamin D is low. Apart from 
this, other factors such as high phytate content and 
low levels of calcium and phosphorus in the diet have 
been implicated. However, our earlier studies 
suggest that these factors may not play a significant 
role in the aetiology of rickets.+’ 

As the diet provides very little vitamin D, we in 
India rely heavily on sunshine as the natural source. 
Unfortunately, rickets is a problem in our country, 
despite abundant sunshine all the year. The incidence 
has been found to be higher in cities than in rural 
communities. Most of the patients studied here 
came from urban slums, where the houses are 
congested and situated in narrow lanes. Young 
children living in such homes may not have enough 
sunlight. This, perhaps, is the most important factor 
responsible for the high incidence of rickets in poor 
undernourished communities. In addition, it 1s 
possible that protein-energy malnutrition may 
interfere with the metabolism of vitamin D and thus 
contribute to the development of rickets. Studies are 
now in progress to investigate this possibility. 


We are grateful to Dr P Bhaskaram for help in the 
selection of cases, and Dr S G Srikantia for valuable 
suggestions. 
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Heal meconium plugs 


VASANT C TALWALKER AND DINESH H KITTUR 
Department of Paediatric Surgery, Grant Medical College, Bombay, India 


SUMMARY Eleven cases of neonatal intestinal obstruction associated with a white ileal meconium 
plug are described; 6 of these presented with complications—such as, giant meconium pseudocyst, 
perforation, volvulus, or atresia. Most of these complications are presumed to have arisen during 
the intrauterine period. Only one patient could be relieved of the ileal meconium plug by enemas. 
The condition of ilea. meconium plug is not as benign as a meconium plug in the rectum or distal 
colon. A plea is made to restrict the name meconium plug syndrome to cases in which the meconium 


plug is white and chalky and the consequent intestinal obstruction can be relieved by enemas, 
without evidence of intestinal dysfunction in later life. 


In the classical description of the meconium plug 
syndrome, a newly born infant fails to pass 
meconium, and so develops intestinal obstruction. 
After a rectal digital examination or an enema, the 
obstruction is relieved by the passage of & greyish 
white meconium plug. These infants do not have 
underlying problems cf intestinal dysrunction as in 
Hirschsprung's disease or cystic fibrosis. The 
prognosis is reported to be good. In this paper 11 
patients are described; each had a greyish-white 
meconium plug in the terminal ileum in contra- 
distinction to obturation of the distal large bowel. 
This meconium plug was similar to that described by 
Clatworthy et al. who reported 2 cases with obstruc- 
tion in the terminal ileum.'-? 


Patients and methods 


Between 1966 and 1978 about 200 cases of neonatal 
intestinal obstruction were seen. In 11 of these the 
lesion included an ileal meconium. plug. These 
patients were being treated in various hospitals in 
Bombay-—6 at the J J Hospital. The cases have been 
studied retrospectively and analysed. 


Observations 


All the 11 patients presented with low intestinal 
obstruction (Table). There were 8 boys and 3 girls. 
Most patients presented within 4 days of birth, 
while one (Case 2) took 15 days to reech the hospital 
Department of Paediatric Surgery, Grant Medical College, 
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irom a remote area. This child arrived in a marasmic 
concition, but surprisingly was still alive, despite 
haviag had complete obstruction since birth. Except 
for one patient, none had passed meconium. In the 
one exception (Case 5), white plugs of meconium 
were passed after rectal examination without relief 
of o»struction. This patient was relieved by repeated 
eneraas using glycerine. Two patients (Cases 1 and 3) 
had each had a sibling who had died of a similar 
illness. 

All the patients had abdominal distension, two 
had palpable abdominal masses (Cases 6 and 8). 
Two patients had x-ray evidence of gas under the 
diaphragm, indicating a perforation (Cases 3 and 7). 
Four of these patients (Cases 1, 4, 5, and 9) had 
straightforward intestinal obstructions due to the 
meconium plug. The other 7 patients had additional 
lesions. Two of them had perforations with meconium 
peritonitis (Cases 3 and 7). One had a giant 
meconium pseudocyst (Case 6) suggesting an 
antenatal perforation. One presented with a volvulus 
of dilated loops of ileum (Case 8). Two patients 
(Cases 2 and 11) had atresias of the ileum and 
jeyunum proximal to a long length of white meconium 
pluz in the ileum. Aganglionosis was a contributing 
factor in two patients (Cases 7 and 10). 


Discussion 


Clatworthy and his colleagues reviewed 30 reported 
cas2s which had been seen at one hospital.? Only 2 of 
their patients had meconium plugs in the terminal 
ileum. In the remainder, the meconium plug was in 
the colon. In spite of their excellent description,! 
there have been few further reports of the meconium 
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Case Age (hours) Sex Findings (operative or otherwise) Procedure Result 
1 96 F White meconium plug in terminal loop of deum (15 cm). Heostomy Died 
Normal looking meconium in proximal dilated 1leum 
2 15 days M Whole of deam filled with meconmm plugs. Atresia of jejunum Resection of atretic part of Died 
20 cm from D J flexure. Microcolon jeranum and anastomosis after 
milking out the meconium 
plugs 
3 10 M Meconium and air 1n the peritoneal cavity and scrotal sac. Excision and ileostomy Died 
Perforations in ieum at 7 cm, and 16 cm from the 
ileocaecal junction. White meconium plug in terminal 6 cm 
ofileum. Gangrene of ileum 
4 24 F Meconnim plug at 11eocaecal junction. ‘Spasm’ of colon Resection and anastomosis Died 
5 48 M Low intestinal obstruction. Contrast enema showed Repeated enemas using Obstroction 
mucrocolon and meconium plugs in terminal ileum (Fig. 1) glycerine relieved 
6 12 M Grant meconium pseudocyst. Perforation in deum 15 cm from Ileostomy Died 
uUeocaecal junction. Meconium plugs in terminal ileum (5 cm) 
7 48 M Meconium pentonitis. Perforation in ileum 20 cm from Resection and anastomosis Died 
Ueocaccal junction. White meconium plug in last 8 cm of 
4 ileum 
8 48 F Mass in right xliac fossa due to volvulus of diated ileum. Resection and anastomosis Living 
White plug of meconium in last loop of ileum for 7 cm 
9 48 M Intestinal obstruction at ileocaecal junction due to white Resection and anastomosis. Died at 6 
meconium, plug in terminal ileum. Baby later developed Resuturing of abdomen after weeks 
burst abdomen and perforation of ileum closure of perforation 
10 96 M. Obstruction 1n ileum, 40 cm away from caecum. Resection of terminal and 
Terminal ileum filled with white meconium. Proximal proximal half transverse colon Died 
tleum filled with dark meconium 
11 36 M Teal atresia about 10 cm from the ileocaecal junction witha Resection and ileoileal Died after 
peritoneal band causing a kinking and near atresia of the anastomosis 48 hours 


proxunal loop about 5 cm away. Both dilated loops 
contained green meconium. Distal ileal loops as well as 
caecum and proximal half of transverse colon contained 
white meconium. The distal colon was unused. Microcolon 





plug syndrome during the last 20 years.?-9 Perhaps 
the classical meconium plug syndrome has been so 
well described that it is no longer reported. However, 
obstruction due to a meconium plug at the terminal 
ileum appears to be rare. None of our 200 patients 
with neonatal intestinal obstruction suffered from 
meconium ileus due to cystic fibrosis. It appears that 
meconium ileus is rare even in Bombay where 


Pr oad 


aecum 


Meconium 
in ileum 








meconium plugs are more common but, surprisingly, 
there was not a single case of rectal meconium plug 
in our series. It is possible that in some the obstruc- 
tion was relieved by a glycerine enema without the 
patient being referred to a surgeon. In contrast, just 
over 50 cases of neonatal Hirschsprung’s disease 
were seen during the same period. 

Six out of the 11 patients presented with what 
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Fig. 1 (Case 5). Contrast enema showing 
microcolon and the caecum and the ileal 
loops filled with meconium plug. 
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appeared to be an ileal plug alone. The other 5 
patients presented with a more striking complication. 
It seems likely that complications— namely, perfora- 
tion, pseudocyst formation, volvulus, and perhaps 
even the jejunal and ileal atresia—were secondary to 
the obstruction caused by an ileal] meconium plug. 
Although complications such as perforation have 
been reported in association with Hirschsprung's 
disease,9 they have not previously been described in 
association with meconsum plugs. If there is evidence 





Fig. 2 (Case 5). Lateral view of contrast enema showing 
ileal loops filled with meconium plug. 





of neonatal perforation or volvulus, it is a good 
practice to look for an underlying cause, such as 
Hirschsprung's disease or, in our experience, a 
meconium plug in the terminal ileum. It must be 
stressed that presence of a meconium plug in the 
ileum does not exclude the possibility of Hirsch- 
sprung's disease. This was classically present in one 
case (Case 7), and in another patient (Case 10), 
histology showed aganglionosis of the entire bowel.’ 
This association of meconium plugs and Hirsch- 
sprung’s disease has been noted by other authors.? * 

The apparent concentration of ileal meconium 
plugs in Bombay suggests a genetic element in the 
aetiology. Two of our 11 patients gave a history of a 
previous sibling dying of ‘similar illness’, but we do 
not have any further information. On the other hand, 
the 11 patients reported belonged to various endo- 
gamous communities in the local population. 

One patient in our series (Case 5) had an ileal 
meconium plug which was demonstrated by a 
radio-opaque enema (Figs 1 and 2). This was relieved 
by repeated glycerine enemas administered with a 
syringe (Fig. 3). This seems to be the only recorded 
instance of an ileal meconium plug obstruction being 
relieved without open operation. Only one of the 
other 10 patients (Case 8) has survived. These two 
survivors have not subsequently had any intestinal 
dysfunction. We have experienced a high mortality 
with weal meconium plugs, mainly because of the 
high incidence of complications. Ileal meconium 
plugs are not always benign and it seems that there 
can be serious complications in intrauterine life. 

Intestinal obstruction in the newborn due to 
abnormalities of meconium may be due to various 
causes. Apart from meconium ileus due to cystic 
fibrosis, several types of obstruction have been 
described under the name of meconium plug,? 
functional obstruction,® terminal anorectal plugs,? or 
neonatal meconium obstruction without cystic 
fibrosis. Most of these cases were different from the 
syndrome described by Clatworthy et al.+ where the 
terminal head of meconium is white and chalky. It 


Fig.3 (Case 5) White plug with 
adjoining normal meconium. 


seems to us that the term *meconium plug', should 
be reserved for those white meconium plugs in which 
the terminal head of meconium does not contain any 
green bile pigments. The term meconium plug 
syndrome should be used only to describe the 
obstruction caused by such a plug, if it can be 
relieved by enemas. The fact that these children do 
not have any other bowel problems in later life 
suggests that the causation of the meconium plug 
syndrome is related to a delay in the delivery of the 
hepatic secretions into the gastrointestinal tract in 
intrauterine life. 
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Detection of carbamyl phosphate synthetase 1 
deficiency using duodenal biopsy samples 


N J HOOGENRAAD, J D MITCHELL, N A DON, TERESA M SUTHERLAND, AND 
A C MC LEAY 


Department of Biochemistry, Latrobe University, Melbourne, and the Division of Gastroenterology, Prince of 
Wales Children’s Hospital, Sydney, Australia 


SUMMARY The activity of urea cycle enzymes was assayed in duodenal biopsy specimens obtained 
from a female infant who presented with neonatal hyperammonaemia. All enzyme levels were 
normal except N-acetyl glutamate-dependent carbamyl phosphate synthetase 1 (CPS1) which was 
half the mean activity in normal control specimens. A similar deficiency of CPS1 was also shown in 
duodenal specimens from the patients’s mother who became slightly symptomatic after relatively 
high protein meals and during pregnancy, and had spontaneously modified her diet to one with 
protein restriction. The patient is growing normally on a dietary regimen similar to that spontaneously 
adopted by her mother. Urea cycle enzyme activity in the duodenal biopsy material from the controls 
was similar to that found in the normal human liver and appears to have distinct advantages as a 


means of assaying for urea cycle defects in patients with hvperammonaemia and their relatives. 


Neonatal hyperammonaemia commonly results from 
deficiencies of urea cycle enzymes, with deficiency of 
the mitochondrial enzymes carbamyl phosphate 
synthetase 1 (CPS1) or ornithine transcarbamylase 
(OTC) present in severe cases.! Urea cycle enzymes 
are generally assayed in liver, as few other tissues 
have been shown to contain adequate CPS1 and OTC 
activity for accurate assay.* The potential danger in 
obtaining liver samples from severely ill infants with 
hyperammonaemia makes other detection methods 
desirable. Although analysis of blood and urine is 
useful in some cases, particular deficiences in 
arginosuccinate synthetase (citrullinaemia), argino- 
succinate lyase (arginosuccinicaciduria), and arginase 
(argininaemia), it will not clearly identify CPS1 or 
OTC defects. Hyperornithinaemia and homocitrul- 
linurea have been associated with CPS1 Cefects? and 
oroticaciduria with OTC lesions‘ but are not 
diagnostic for these enzyme defects. Demonstration 
of deficiencies in the activity of the component 
enzymes of the cycle remains the only unequivocal 
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diagnostic test. Measurement of urea cycle enzymes 
in levcocytes has been proposed. However, the 
method requires rather large samples of blood and 
even then gives disturbingly poor levels of CPS1 and 
OTC activity. We have found that duodenal mucosa 
contains sufficient levels of all urea cycle enzymes to 
enable accurate measurement of their activity in 
5-10 mg gut biopsy specimens, and this paper 
describes the identification of 2 symptomatic carriers 
of an enzymatic defect in CPS1 by assay of duodenal 
biopsy specimens. 


Case report 


The patient, a girl, was the result of the first 
pregnaacy of healthy, unrelated parents and was 
born at term after a normal delivery. The mother had 
been iL. throughout pregnancy with abdominal pain 
and vomiting, which is now thought to be related to 
encouragement of the mother to maintain a high 
protein intake during her pregnancy (see below). The 
infant, whose birthweight was 3 kg, developed 
generalised clonic convulsions on day 3. Investiga- 
tions at that time included lumbar puncture, serum 
electrolytes, calcium, magnesium, blood glucose, 
EEG, and urinary metabolic screen. The only 
abnormalities found while on breast feeding were 
hyperammonaemia and generalised aminoaciduria 
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with plasma ammonia 135 ug/ml; 7482 pmol/l 
(normal range 18-48 ug/ml; 998-2661 umol/l) anda 
generalised increase in urinary amino-acids, 
particularly glycine. Urinary proline and glutamine 
were also raised with slight increase in ornithine. 
There was no change in the infant’s convulsions 
after phenobarbitone, and IV diazepam and then 
phenytoin achieved only partial and temporary 
control. There was no apparent response to 
pyridoxine. After 48 hours of repetitive minor 
convulsions the infant was begun on oral glucose 
feeds and seizures stopped 12 hours later, only to 
reappear shortly after reinstituting breast feeding, 
which resulted in plasma ammonia rising to 100 
ug/ml (5543 pmol/l). Convulsions again stopped 
within 6 hours of reinstituting glucose feeds. Low 
protein intake was instituted and on 0-86 g of 
protein/kg per day her plasma ammonia was 
slightly raised at 57 ug/ml (3160 umol/D, with 
persisting increases in plasma glutamine and proline. 
The high fat and low protein intake during the first 
year produced pronounced obesity with some 
stunting of length. 

Her growth pattern returned to normal after 
gradual increase in protein intake to 1-2 g/kg per day. 
Plasma ammonia remained  marginally raised 
(65-71 ug/ml; 3603-3936 umol/l with persisting 
high levels of glutamine, alanine, and glycine and 
marginally increased proline, ornithine, and aspartic 
acid. Serum aspartate amino transferase and 
galactose-1-phosphate uridyl transferase levels were 
normal both at 2 years and 44 years. Prothrombin 
and kaolin clotting time were slightly prolonged in 
both the patient and mother before each bowel 
biopsy. These coagulation defects were responsive to 
parenteral administration of vitamin K. 

The child, now aged 44 years, is a pleasant 
intelligent child who is growing normally. Her height 
101-3 cm is on the 50th centile and weight 15-5 kg 
just below the 30th centile. Protein is included. with 
every meal and she now drinks 100 to 200 ml milk 
per day. Plasma ammonia on her present diet is 
15 ug/ml; 831 mol/l (normal range 4-49 ug/ml; 
222-2116 pmol/l). 

The mother's history proved to be of much interest. 


She had known for some years that if her protein 
intake was fairly high she was likely to become ill, 
vomit, and have abdominal pains during the next 
24 to 36 hours. Of her own volition she has tended to 
restrict her protein intake, drinking little milk and 
eating very little red meat. À 2-week documentation 
of her typical eating pattern indicates an average 
intake of approximately 40 g protein per day 
(0:7 g/kg), which is much lower than the typical 
protein intake for women in this country, which is 
estimated at 60 g/day. 


Methods 


Duodenal biopsies were obtained from the patient 
and her mother using a slightly modified standard 
technique.9 Biopsy samples were sealed in Parafilm 
and immediately frozen on dry ice and assayed for 
enzyme activity within 24 hours. Biopsy samples 
were obtained from the patient at 2 years of age 
(3 specimens) and again when she was 3:9 years 
(single specimen), at which time 3 specimens were 
also obtained from her mother. Standard histological 
assessment was carried out on some specimens: 
disaccharidase assays were performed to measure 
lactase, sucrase, and maltase by the method of 
Dahlqvist. ^ Mucosal specimens (which varied in 
size from 6:2 to 27-7 mg), were homogenised and 
assayed for CPS1 and OTC activity as previously 
described, except that CPS1 was measured by 
incubation for 10 min at 37°C and OTC for 5 min 
at 30°C. Both methods are highly sensitive radio- 
chemical procedures which enable CPS1 assays to be 
performed on as little as 1 mg tissue (0-1 ml of 1 0% 
homogenate) and OTC assays on 100 ug tissue 
(0-1 mi of 0-1% homogenate). Other urea enzymes 
were measured using the radiochemical methods of 
Schimke.® 


Results 


The urea cycle enzyme activities in the patient and 
the patient’s mother were compared with normal 
controls (Table 1) and the level of activity of urea 
cycle enzymes in gut from controls was compared 


Table 1 Urea cycle enzymes in gut* (nmol product formed per min|mg protein) 
Sample CPSI OTC Arginosuccinate Arginosuccinate Arginase 
synthetase lyase 

Patient 

2 years 0 68 + 0-44 101 6 + 8-0 ND ND ND 

3 9 years 1:25 93 3 146.3 52.7 468 
Mother 1 14 + 0 06 82-4 473 142 7 + 13-6 63-9 + 13 5 442 + 40 
Controls 2-13 + 0 20 100-2 + 17-3 127 7 2- 10 5 56.6 + 13 4 312 + 77 1 





*Results from the patient at 2 years, the mother and controls are expressed as the mean -+ SE mean for three samples. ND » not determined, 
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Table 2 Comparison of urea cycle enzymes in gut and liver 








CPSI OTC Arginosuccinate Arginosuccinate Arginase 
synthetase lyase 

Gut 
nmol/min per mg protein 21340-2 100-2 + 17 3 127 7 + 10-5 56 6 + 13.4 512 + 77 1 
umol/min per g fresh weight 0 12 + 0-04 569 -2 55 7 25 4 0 60 3 22 4- 0 76 29 1: 74 
Liver 
nmol/min per mg protein 3 65 + 0.81 106-3 + 13 4 24-5487 18-2 +5 6 3548 + 87 
pmol/min per g fresh weight 0 4I +0 09 1182-15 2-7 + 1-0 20+06 394+ 97 
Literature values* 
umol/min per g fresh weight 06409 9~12 0-5-1 5 ND 230-800 





* Values for liver from Roerdink ef al.19 


with the level of activity normally found in the liver 
(Table 2). As shown, the patient had low levels of 
CPS1 on both occasions the enzyme was measured, 
the level being approximately half that found in the 
controls (Table 1). The level cf CPS1 in the mother 
was similar to that of the patient and likewise 
showed about half normal activity. 

Human duodenal mucosa was found to have high 
levels of all urea cycle enzymes (Table 2). Upper small 
intestine appeared to have about half the level of 
CPS1 activity found in the liver, whereas the OTC 
activity was comparable. The arginosuccinate 
synthetase and arginosuccinate lyase activities were 
much higher in the duodenum than in human liver, 
and arginase activities appeared to be lower. A 
portion of one specimen from the first procedure 
on the patient and also from the mother were shown 
to be histologically normal and contained normal 
levels of Jactase, sucrase, and maltase. 


Discussion 


CPS1 deficiency is a fairly rare genetic defect. A 
study on 6 related subjects w-th the defect shows an 
autosomal recessive inheritance pattern.? Although 
the findings on patients reported wizh this disorder 
vary! a common feature is byperammonaemia 
associated with the intake of normal levels of 
protein, episodic motor impairment and seizures, and 
a generalised disturbance in amino-acid metabolism. 
The extent of CPSI deficiency also varies consider- 
ably, and an almost complete lack of CPS1 has been 
reported in only one patient, who died at age 3 
days.1° The 2 cases reported here show a less severe 
form of the defect, and the child, who was shown to 
be protein-intolerant had raised urine glycine levels, 
as did the patients of Freeman et al.” and Gatfield 
et al.? and raised urine ornithine, as in the cases 
reported by Gatfield et ai.? The lack of a clear 
metabolic picture associated with this disease and the 
potential variability of the disorder makes it 
important to assay for the enzyme directly in tissue 
containing significant levels of CPS1. Although liver 


would appear a logical tissue for the measurement of 
urea cycle enzymes, patients with hyperammonaemia 
are poor candidates for liver biopsy procedures.1?-14 
Our study indicates that small intestinal biopsy 
samples are a suitable and probably more safely 
obtained source of tissue for assay of urea cycle 
enzymes. In addition, this technique is suitable for 
obtaining multiple samples which may lessen the 
chance of misleading results occurring as a con- 
sequence of lyonisation with sex-linked conditions 
such as OTC deficiency. Furthermore, as CPS1 is a 
highly labile enzyme, the activity in liver samples may 
be affected by compounds produced during the 
neonatal hepatitis which may accompany hyper- 
ammonaemia. Intestinal biopsies will avoid this 
complication, and the normality of the biopsy sample 
can readily be verified by histological analysis and 
disaccharidase assay. It should also be stressed that 
the early diagnosis of this disorder is important if 
intellectual impairment is to be avoided, since 
mental retardation is common in all the CPS1 defects 
reported to date,! ? and is apparently absent in the 
two cases reported in this paper. 

Hyperammonaemia has been reported to be 
associated with defects in short-chain fatty acid 
metabolism,!5-1€ and we have found both CPS1 and 
OTC activities to be reduced in a patient with raised 
urine 3-methyl glutaric, 3-methyl glutaconic, and 
3-hydroxy, 3-methyl glutaric acids (unpublished). 
Similarly, hyperammonaemia and CPS1 and OTC 
deficiencies may be associated with Reye’s 
syndrome.77? However, these other causes of 
hyperammonaemia were ruled out since OTC was 
normal and only CPS1 was reduced in activity; 
this reduction being noted both during the hyper- 
ammonaemic crisis and on subsequent measurement 
when the patient was well. In addition, no abnormal 
urine organic acid pattern emerged on gas-liquid 
chromatography of urine. 

An unusual finding in the present cases was the 
vitamin K-responsive coagulation defects observed 
in both the mother and daughter, when there was no 
other apparent evidence of disturbed hepatocyte 
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function. This observation, which suggests a link 
between the CPSI lesion and vitamin K metabolism, 
appears to warrant further exploration. 


We thank Kathy Ewing for technical assistance 
and Maureen Rochester for preparation of the 
manuscript. 
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Assessment of neutrophil chemotaxis and random 


migration in childhood 


Comparison between leading-front and lower surface count methods 


SARAB AL-NAKEEB AND EILEEN N THOMPSON 
Department of Child Health, Welsh National School of Medicine, Llandough Hospital, Penarth, 


South Glamorgan 


SUMMARY Neutrophil chemotaxis and random migration were studied in 65 healthy children and 
18 normal adults. The method used, the leading-front technique, was more accurate and reproducible 
than the lower surface count method. Chemotaxis in children under 15 years differed from that in 
adults. This age effect was most pronounced in those less than 6 years, and particularly in those less 
than 2 years. When investigating chemotaxis in childhocd, comparisons with age-matched controls 


should be made. 


Many workers! * have drawn attention to immaturity 
of specific and nonspecitic immune mechanisms in 
early childhood. Impaired neutrophil chemotaxis has 
been demonstrated in early infancy,? but studies at 
other ages show conflicting results (P C Wilkinson, 
1975, personal communication).*~? Furthermore the 
duration of the dysfunction found in the young 
infant has not been established. Chemotaxis, the 
directed migration of cells towards different 
attractants, is an early and fundamental step in the 
process of inflammation, while random migration 
may be another mechanism of cell movement; yet a 
selective defect of one mechanism, or both, has been 
reported in different conditions of repeated 
infection.9 Abnormalities in this function can be due 
to humoral factors (abnormality in the serum) but 
are most often the result of an intrinsic abnormality 
of leucocytes,? which may be congenital, acquired, or 
developmental. The cellular aspect of chemotaxis was 
investigated and the efficiency of neutrophil poly- 
morphonuclear neutrophil leucocyte migration in 
infants and young children was compared with that 
of adults. 


Materials and methods 


83 normal subjects were studied. 18 were adults aged 
between 20 and 62 years (9 men and 9 women) and 65 


Department of Child Health, Welsh National School of 
Medicine 

SARAB AL- , research fellow 

EILEEN N THOMPSON, senior lecturer 


were children aged between 1 and 16 years. The child- 
ren (except for 10) had either been seen in outpatients 
for noninfective conditions or had been admitted for 
minor elective surgery (all tests done before surgery). 
No child was bled specifically for the test. The other 
10 children aged between 9 and 16 years were 
asymptomatic children of staff members; consent 
was obtained from parent and child. Great care was 
taken in selecting the control individuals to avoid 
anv factor that might affect chemotaxis—such as 
infection (however trivial), drugs, or pregnancy. 
These precautions were taken because certain drugs 
are known to have a suppressive effect on chemotaxis, 
and infections produce antigen-antibody reactions 
which activate the complement system which in turn 
stimulates migration. Furthermore, phagocytosis 
of infeccing organisms is known to release inhibitory 
factors which prevent migration of these cells away 
from the site of infection.!? 


Chemotaxis. This was assayed by using Wilkinson’s 
modification? of the Boyden technique. Ficol/Triosil 
separated neutrophils, obtained from 10 ml venous 
heparinised blood, were washed once in Hanks's 
solution. Subsequently 2 x 105 were suspended in 
Hanks's solution and added to the upper chamber. 
The attractants used were: casein (Hammarstern 
from Merck AG) at a concentration of 5 mg/ml, and 
pooled normal human sera (5 donors per pool), 
activated by adding 2 ug/ml Escherichia coli 
endotoxin (Difco), a final concentration of 20% in 
Hanks’s solution was used. Neutrophil migration 
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was quantified by two methods: the lower surface 
count method after 3 hours of incubation? and the 
leading-front technique after 50 minutes of incuba- 
tion. After the appropriate incubation, the mem- 
brane was separated, fixed in alcohol, stained with 
haematoxylin, and cleared with xylene. The lower 
surface count method was a ratio of total number of 
cells in 10 rectangles (11:5 x 7 mm/rectangle; 
Leitz Ortholux microscope) on the lower surface, to 
number of cells in 10 circles (1:5 mm diameter/circle) 
on the upper surface after 3 hours of incubation. The 
leading-front technique measured the distance 
travelled by the leading front of neutrophils using the 
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Figure Neutrophil chemotaxis (casein and serum) and 
random migration in relation to age. Chemotaxis, 
measured by the leading-front technique, is the distance 
travelled (in microns) during 50 minutes of incubation. 


micrometer on the fine adjustment of the microscope 
(x 40 objective). 


Random migration. This was assessed in the absence 
of a concentration gradient. 20% serum was added 
to both the upper and lower compartments of the 
chemotactic chamber. 


Results 


Consistent results were impossible to achieve using 
the lower surface count method, due to the large but 
variable migration of cells through the membrane 
into the fluid compartment below, which has been 
noted previously.!? With the leading-front technique 
consistent results were obtained in the same 
individual (chamber/chamber,  filter/filter, and 
day/day variation <10%). However a wide person- 
to-person variation was found in the 18 adults (11, 
15, and 21% of the mean in casein, serum, and 
random migration respectively). 

This interperson variation was much greater in 
children, but when the values were looked at in 
relation to age a steady increase was obtained 
(Figure). There was a significant difference between 
the 0- to 6- and the 6- to 15-year-old groups (P —0-01, 
P<0-001, and P<0-01) for casein, serum, and 
random migration, and between the 6- to 15-year-old 
and adult groups in casein and serum (P<0-001) and 
inrandom migration (P<0-01). 


Discussion 


The  leading-front technique for measuring 
chemotaxis proved reproducible. The wide range of 
values between normal individuals has already been 
reported,® 15-14 and shows the need to compare a 
single result with a normal range, rather than a single 
control run concurrently. This is particularly 
important in children where the interperson varia- 
tionis so much greater. Although delayed chemotaxis 
in the very young («2 years) is well documented, no 
normal data for older children were available. 

Our data clearly show an age-dependent effect. It 
is of interest that Klein et al!* using a different 
method for measuring chemotaxis noted a similar 
age-dependency. The failure of other workers? 97? to 
show this age-dependent effect is probably due to the 
fact that they did not study a wide age range, and 
also used the lower surface technique. A recent study 
by Farhoudi et al.15 of chemotaxis in children with an 
increased susceptibility to infection, compared the 
results with adult controls, using a method identical 
with ours, and giving a similar adult control range. 
These workers did not cite a normal range for 
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children, although they suggested that normal values 
for children probably are in the Jower normal adult 
range. Our findings however, show a considerable 
range of normality in childhood which is: age- 
dependent. Thus when investigating children in 
whom a chemotactic defect is suspected, comparison 
with age-matched contrcls is essential. 

The reason for the relative inetticiency of 
neutrophil chemotaxis in young children ts unknown, 
but as adult levels were ultimately achieved a 
maturation defect seems likely. It is interesting that 
other age-dependent mechanisms such as immuno- 
globulin production! and lymphocyte transformation 
to phytohaemagglutinin? reach adult levels during 
adolescence. The practical importance of delayed 
maturation, both of the specific immune mechanism 
and neutrophil function, is obvious in relation to the 
well-known observation of increased susceptibility to 
infection in childhood. 
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Neutrophil chemotaxis and random migration in 
acute lymphoblastic leukaemia of childhood 


Cellular and humoral aspects 


SARAB AL-NAKEEB AND EILEEN N THOMPSON 


Department of Child Health, Welsh National School of Medicine, Llandough Hospital, Penarth, 
South Glamorgan 


SUMMARY The cellular and humoral components of the neutrophil chemotactic response were 
studied in 65 children with acute lymphoblastic leukaemia (ALL). An abnormality in both 
components was found during relapse. In remission the cellular component only was affected. 
Although less obvious than during relapse the abnormality persisted while all cytotoxic therapy was 
given, returning to normal several weeks after treatment had been stopped. The absence of significant 
infection in relapse in this series could be due to the fact that a remission was achieved within 3 
weeks in all patients. However, a positive correlation between the migration index and incidence of 
bacterial infection during remission stressed the importance of impaired neutrophil chemotaxis in 


ALL. 


The type of infecting organism has changed with 
more aggressive treatment of leukaemia, but 
bacterial infection remains a major problem and 
cause of death.'-? Although severe granulocytopenia 
correlates reasonably well with susceptibility to 
infection, some patients may have severe and 
recurrent infective episodes despite adequate levels of 
circulating neutrophils. Certain aspects of neutrophil 
function—namely, phagocytosis and intracellular 
digestion—have been studied in leukaemia and 
found to be normal by some workers*-* but other 
workers, using different methods, have shown a 
distinct decrease in these functions."^? Thompson 
and Williams!? demonstrated that 36% of leukaemic 
children in relapse and 25 % of those in remission had 
depression of the intracellular digestive capacity of 
neutrophils, and in these children the clinical 
incidence of infection was greatest. In order to see if 
an earlier phase in neutrophil function was affected 
we studied cellular and humoral aspects of neutrophil 
chemotaxis and random migration. Tests were done 
in relapse and remission at different stages of the 
diseases, both on and off treatment. 
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Materials and methods 


65 children with acute lymphoblastic leukaemia 
(ALL) were studied, the values obtained were 
compared with those of age matched controls. The 
cellular aspects of chemotaxis was studied in 52 
children. Six were in relapse (4 at diagnosis and 2 at 
the time of the first relapse, off all treatment); the 
other 46 children were in remission at the time of the 
study. 30 were studied on 39 occasions (7 tested more 
than once) while on maintenance therapy (10 had had 
treatment for <3 months, 6 for 3-6 months, 8 for 
7-12 months, 8 for 13-24 months, and 7 for 25-36 
months). All these children were included in MRC 
treatment trials (UKALL I-V). They had all 
received cranial radiotherapy (2400 rad in 12 
fractions over 21 days) between weeks 6 and 1l. 
Details of treatment given during the 14 days before 
testing for chemotaxis are given in Table 1. As 
maintenance chemotherapy consisted of a repetition 
of the 12-week module of cytotoxic drugs, all repeat 
tests were done at the same point in the cycle 
subsequently. 

In 16 patients studies were done several months 
after all treatment had been stopped (8, 6-12 months; 
8, 13-36 months). 

The humoral aspect of chemotaxis was studied by 
testing the effect of activated sera obtained from 
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Table i Treatment used in the 14 days before testing neutrophil chemotaxis 





Drugs (mgím? per day) No of patients 


6-Mercaptopurine (25) + cranial radiotherapy* — 10 
6-Mercaptopurine (70) 3 
7 days after continuous 6-mercaptopunne (75) + 
weekly methotrexate (10-15) 
9 days after 5-day course of methotrexate 
(12-5) + 6-mercaptopurine (200) 3 
17 days after 5-day course of methotrexate 
(12:5) + 6mercaptopurine (200) 5 
5-day methotrexate (12-5) followed by 7 days 
prednisolone (40) 


10 
3 


& 
4 
6 
8 


Mo. of tests 


Chemotaxis (mean and range) 
Casein Sertan 

86 (72-102) 80 (60-92) 
64 (45-103) 54 (45-68) 
85 (50-100) 75 (47-96) 
65 (21-93) 64 (39-86) 
81 (55-99) 73 (53-96) 
74 (49-118) 73 (44-123) 


Random 
migration 


TT (52-90) 
54 (39-73) 


59 (30-75) 
61 (47-83) 
65 (53-90) 
61 (35-90) 


Mean + SD of matched controls for casein, 89 + 12, serum 79 + 13, and random migration 67 + 16, 


*2400 rad. 


13 patients in relapse and 14 in remission (all drugs 
stopped at least 12 morths earlier) on autologous 
remission and control neutrophils. The same cells 
were tested concurrently with control sera and the 
data expressed as a percentage difference. 


Chemotactic assay. Chemotaxis was measured by 
Wilkinson’s modification" of the Boyden technique, 
and the index determired by the leeding-front 
technique. The number of washed neutrophils used 
per assay was 2 x 10°. Two attractants were used, 
casein (5 mg/ml) and 20% pooled normal sera. All 
the sera were activated by 2 ug/ml Escherichia coli 
endotoxin (Difco). Random migration was assayed 
by the same method using 20% activated sera in both 
compartments. Reproducibility of the method was 
excellent. 


Clinical findings. 27 of the 65 children had completed 
2 years of maintenance treatment, and in these the 
clinical data were reviewed to find the incidence 
of bacterial infection. Infection was graded according 
to severity (severe, moderate, or slight) Severe 
infections included septicaemia, pneumonia, and 
sustained febrile episodes of more than 43 hours' 
duration (temperature >38°C). The sustained 
febrile episodes were treated as septicaemic episodes, 
many of which quickly responded to antibiotics, 
although bacteriological data were negative. 
Common infecting organisms found were Staphy- 
lococeus aureus, haemolytic streptococci, Strep- 
tococcus pneumoniae, Haemophilus influenzae, E. 
coli, and Pneumoncystis carinii. Moderately severe 
infections included bronchitis, cellulitis, and those 
which required the patient to be admitted to hospital 
and be treated with parental antibiotics. Essentially 
the difference between severe and moderate infection 
was one of degree, the former being associated with 
general systemic effects, the Jatter with pyrexia and 


localised signs of infection. Minor infections affected 
the upper respiratory tract, inner ear, or skin and 
such patients were treated as outpatients. Any 
infection associated with severe neutropenia («0:5 
x 10°/)) or of viral origin was excluded from this 
study. 


Results 


Cellular aspect. Results obtained from 6 patients 
studied in relapse and early remission are shown in 
Fig. 1. A reduction in chemotaxis was found in 
relapse compared with age-matched controls 
(Student's ¢ test P<0-001 for both attractants). 
Remission values showed improvement but, with the 
exception of one, all values were still lower than the 
control mean. A difference between relapse and 
remission values was found (paired ¢ test, P <0:05). 
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Fig. 1 Cellular aspect of chemotaxis in relapse and 
remission. Age matched control values (mean and I SD) 
are shown for both attractants to the left of the relapse 
values (relapse v. remission P «0-05 paired t test, 
relapse v. controls P«0-001 Student's t test). 
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Results of tests done at different stages of the 
disease (in remission) both on and off treatment are 
shown in Fig. 2. Although a pronounced improve- 
ment in chemotaxis occurred once a remission was 
achieved, this was not maintained after the first 
3-month remission period. Thereafter, the overall 
mean at each study period was less than the control 
mean but was only significant in the 7~12-month 
period on treatment (P<0-05). A wide range of 
values was obtained during each study period with 
continued improvement once all drugs had been 
stopped. 


As the maintenance cytotoxic therapy used was not 
identical in each case, the effect of particular drugs 
given 14 days before testing chemotaxis was recorded 
(Table 1). The most pronounced effect was noted 
9 days after a 5-day course of methotrexate and 6- 
mercaptopurine (which had improved on day 17) and 
continuous 6-mercaptopurine at a daily dose of 75 
mg/m*?. With the exception of low-dose 6-mercapto- 
purine, each drug had a variable individual effect. 

These findings show that particular drug com- 
binations and doses affect chemotaxis, but that this 
adverse effect decreases with time. 
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Fig 3 Comparison of the effect of relapse and 
remission serum on chemotaxis of autologous (remission) 
and control neutrophils. The same cells weie tested 
concurrently with control serum and the percentage 
difference found is used to express the results. 


Table 2 Comparison of chemotactic index (casein 
and serum) and random migration, and the incidence 
and severity of infection in 26 children w:th leukaemia. 
Many had more than one infectrve episode (number of 
episodes shown in parenthesis). Five had no infections, 
4 of whom had a normal chemotactic index. 


No. of patients Chemotactic index Rando 
migration 
Casein Serum 
<80 >80 <70 >70 <60 >60 
Total 11 15 11 16 14 12 
With severe 
infections 804 1@ 385 46 1007 14) 
With moderate 
infections 8 (19) 8(8) 39(Q0) 8(8) 10Q0) 6(8) 
With minor 
infections 9 (43) 11 32) 9 (47) 12 (35) 12 (50) 3 25) 
With no infections 1(0 40) 31(90 40 i) 4*4 


Humoral aspect. The effect of relapse and remission 
serum on autologous remission and cortrol cells is 
shown in Fig. 3. Relapse serum had an adverse effect 
on both autologous and control neutrophil chemo- 
taxis (paired f test, P«c0-05 and <0-02 respectively). 
However, remission serum did not have this effect. 

The 8 patients in whom an adverse effect of relapse 
serum was found had several features at presentation, 
known to be associated with a poor prognosis 
(7 boys, liver >4 cm in 4, spleen >4 cm in 2, nodes 
2 cm in 5, initial WBC count >25 x 10?/l in 2). 
Furthermore, 6 relapsed within 3 years of diagnosis, 
2 of whom died soon afterwards. 


Relationship of clinical findings to leucocyte migration. 
The incidence of infective episodes in relation to the 


chemotactic index in casein, serum, and random 
migration is shown in Table 2. The overall number of 
infections was greatest in children with a low 
chemotactic index (<80, <70, and <60 in casein, 
serum, and random migration respectively), but this 
was only significant in the case of severe infections 
(x? test P<0-01, <0-05, and <0-005 in casein, 
serum, and random migration respectively). 
However, when the total number of infections 
(slight, moderate, or severe) per person was correlated 
with the migration index a significant value was 
obtained (P<0-05 in casein and random migration, 
P<0-1 in serum). 


Discussion 


These studies demonstrate abnormalities in the 
humoral and cellular components of the chemotactic 
response of neutrophils from patients with ALL. 
Although neutrophil chemotaxis was abnormal 
initially and at later stages of the disease, while on 
treatment, the most pronounced abnormality was 
found during relapse. In relapse both humoral and 
cellular mechanisms were affected, but in remission 
only the cellular aspect was abnormal. Relapse 
serum had a deleterious effect on both autologous 
and control neutrophils. We do not know when the 
serum factor disappeared as all subsequent tests on 
leukaemic serum were done at a very late stage of 
remission. However, the cellular factor was assessed 
in relapse and in early, mid, and late remission and 
was found to be normal within 3 weeks of achieving a 
remission (that is, 6 weeks after starting treatment). 
In view of the brisk restoration of these values to 
normal it would seem likely that the relapse serum 
factor also cleared quickly. The nature of this 
factor, either circulating inhibitor or deficiency of 
essential substance, was not determined in this 
study. It is interesting that other workers in a study 
of patients with acute myeloid leukaemia!?-15 
demonstrated a circulating serum factor which 
affected neutrophil function (phagocytosis and 
bactericidal capacity but not chemotaxis, although 
cellular chemotaxis was abnormal) which improved 
once a remission was achieved. Furthermore the 
patients in whom the serum factor was present did 
less well than the others. Coiffer et a[.1* suggested 
that this factor might be due to immune complexes 
which are known to inhibit phagocytosis!® and are 
said to indicate a poor prognosis in acute myeloid 
leukaemia.’ Similarly in our series, the presence of 
the serum factor was associated with a poor prog- 
nosis, despite the fact that all patients had received 
optimum therapy with early cranial prophylaxis. 
With the exception of the 3- to 9-month period 
after cranial irradiation, neutrophil chemotaxis was 
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not significantly impaired during remission. A wide 
range of values was found at each study point. Thus 
might be due to individual variation or to the effect 
of cytotoxic drugs. Unfortunately serial longitudinal 
studies were not possible. However, as chemotaxis 
improved after treatment had been stopped, and a 
positive correlation between frequency of infection 
and chemotactic index (while on therapy) was found, 
we felt it was likely that the cytotoxic drugs had an 
adverse effect on neutrophil migration. As the 
modern treatment of leukaemia is based on com- 
bination therapy given continuously or pulsed, it was 
not possible to study the effect of individual 
drugs. Furthermore, drugs given up to 14 days earlier 
might still have a residual effect on neutrophil 
function. Thus we were not able to determine the 
precise effect of a particular drug or combination in 
this study, except to comment that throughout the 
maintenance chemotherapy period, neutrophil 
chemotaxis was less efficient than when all the drugs 
had been stopped. None of these tests was done 
while the patient had evidence of clinical infection or 
if any other drug was being given. We attributed the 
suboptimal function during this time to the effect of 
the cytotoxic drugs. 

It was interesting that the greatest decrease in 
function was found during the postirradiation 
period. It was at this time that Baehner et ali? 
observed a decrease in phagocytosis and intracellular 
digestion of neutrophils in patients treated in this 
way. Whereas none of our patients had any severe 
infection during this period, it is known to be a high 
risk period for infection with a distinct chance of 
remission death? These workers attributed the 
infective morbidity and mortality to leucopenia, and 
found that by decreasing the dose of drugs during 
this period there was a reduction in morbidity and 
mortality. Although we did not find neutropenia 
during this stage in our patients, if defective neutro- 
phil function is accompanied by a reduction in 
numbers then the infective risk to the individual 
could be intensified. 

The introduction of more aggressive cytotoxic 
chemotherapy in the treatment of leukaemia has 
undoubtedly increased the risks from infection and 
remission death.? Whereas the susceptibility to 
infection is known to be multifactorial, our study 
stresses that suboptimal neutrophil function may 
account for increased susceptibility to infection. 
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Severe lactose intolerance with lactosuria and vomiting 
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SUMMARY An infant with lactose intolerance is 
described. A breast-fed infant developed vomiting at 
3 weeks, and became dehydrated. Lactosuria, amino- 
aciduria, and liver damage were present. À milk-free 
diet led to rapid recovery. At 6 months a normal diet 
was well tolerated. 


Severe lactose intolerance, first described by Durand,} 
is, unlike congenital alactasia, not usually accom- 
panied by diarrhoea. Though it is a serious disease, 
which can cause death if untreated, the disorder is 
transient and on a milk-free diet all symptoms 
disappear, with the establishment later of normal 
tolerance to milk, as documented in the following 
report. 


Case report 


The patient was the first child of nonconsanguineous 
parents. The father's uncle has severe diabetes 
mellitus. The boy was born at term, birthweight 
3:5 kg, and was breast fed. In the third week he 
vomited after nearly every feed. Stools were normal 
or constipated. 

On admission at 7 weeks his weight was 3:63 kg, 
he was pale and dehydrated; the liver was 1 cm below 
the costal margin. Urine tests for protein and ketone 
bodies were weakly positive; urobilinogen and 
glucose oxidase tests were repeatedly negative, with 
positive results to Nylander and Fehling tests; no 
cells or casts. The sugar was identified chromato- 
graphically as lactose, with a concentration of 
2 g/l (5-85 mmol/l). Aminoaciduria was present, 
particularly cystathionine. Galactose-1-phosphate 
uridyl transferase in erythrocytes was normal. 
The blood findings, serum electrolytes, alkaline 
phosphatase, urea, blood lipids, acid base status, 
serum proteins with their electrophoretic fractions, 
a-l-antitrypsin, and urinary 17-ketosteroids were 
normal. HBsAg negative. Blood glucose 67 mg/100 
ml (3-72 mmol/D), and the oral glucose tolerance test 


were normal. Bilirubin was 1-0 mg/100 ml (17-1 
umol/D, thymol turbidity test was 2-0 units, 
aspartate transaminase 65, alanine transaminase 135, 
'-glutamyltranspeptidase 300, and lactate dehydro- 
genase 317 U/l with the increased fractions 1, 4, and 5. 
Optical media were clear, the lenses were transparent, 
and the fundi normal. On x-ray examination there 
was free passage through the oesophagus; the duo- 
denogastric reflux could not be demonstrated. A milk- 
free regimen resulted in disappearance of the 
vorniting, lactosuria, and aminoaciduria, and in the 
normalisation of serum transaminases. Cautious and 
gradual addition of milk from the sixth month was 
tolerated well, the boy thrived excellently on normal 
diet. At age 9 months his weight was 8:8 kg. 

The infant's severe condition initially did not 
allow a lactose tolerance test to be carried out, but 
at age 5 months the test was normal and the assay of 
lactose in the intestinal mucosa was also normal. 


Discussion 


This potentiallv lethal form of lactose intolerance is 
characterised by vomiting and dehydration, 
beginning soon after birth. The absence of diarrhoea 
in most cases differentiates it clinically from con- 
genital lactase deficiency.^-? Lactosuria is the most 
striking feature, together with aminoaciduria and 
renal tubular acidosis; there is liver damage with 
bleeding tendency in some cases. On a lactose-free 
diet for several weeks or months, milk tolerance 
becomes normal. Arakawa ef al.,* and later Berg 
et al.’ and Arashima ef al.,? showed that intestinal 
lactase activity is normal, with a normal glucose 
response to lactose loading even in the acute phase of 
the disease. In the child reported by Berg et al.5 
lactosuria and vomiting disappeared when milk 
formula was given intraduodenally. 

A gastrogenic origin of the disorder with abnormal 
absorption of disaccharides is likely,’ lactose passing 
through an abnormally permeable gastric mucosa 
and leading to lactosuria. The defect of gastric 
mucosa appears to be temporary. It is not known 
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whether the damage to the liver cell and renal tubule 
is caused by lactose or by another unknown sub- 
stance. Lactose is not normally found in the 
blood and its presence may have toxic effects similar 
to fructose-1-phosphate in fructose intolerance, and 
galactose-1-phosphate in galactosaemia. Russo 
et al.” and Hirashima et al? noted cataracts in 
children with lactosuria and in some of their relatives. 
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Department of Paediatrics and Child Health, University of Natal, Durban 


SUMMARY 15 patients with typhoid glomerulo- 
nephritis were studied and compared with a group of 
children with poststreptococcal nephritis. Useful 
criteria distinguishing the two diseases are given. The 
diseases may present in a similar manner and there- 
fore it is important to remember typhoid as a cause of 
glomerulonephritis in endemic areas or in patients 
travelling from endemic areas. 


Although both typhoid fever and poststreptococcal 
glomerulonephritis (PSGN) are common among the 
underprivileged in South Africa, rarely does the 
former present as nephritis.t The clinical findings of 
acute PSGN have been well described but those of 
typhoid nephritis have not. Failure to distinguish one 
from the other affects management and may 
determine the outcome. We therefore report 15 cases 
of typhoid glomerulonephritis comparing them with 
a matched group of children with PSGN, and put 
forward criteria helpful in distinguishing the two 
diseases. 


Patients and methods 


A study of 15 patients with typhoid glomerulo- 


nephritis admitted to King Edward VIM Hospital, 
Durban, and observed by one or both of us between 
1973 and 1978 was carried out. 15 patients matched for 
race, age, and sex, and admitted to the same hospital 
in 1978 with PSGN were randomly selected as the 
comparison group. The age range of patients was 
2-13 years. 10 were girls. 

A diagnosis of glomerulonephritis was made on 
the clinical criteria of periorbital and peripheral 
oedema, oliguria with evidence of hypertension in 
nearly all cases, together with haematuria, casts, 
albumin <2 g/l, and leucocyturia in some patients. 
An antistreptolysin O titre (ASOT) of 7200 U/l was 
used to confirm the diagnosis of poststreptococcal 
disease. (93% of children with PSGN at this hospital 
have a positive response to ASOT).® 

A diagnosis of typhoid was made as follows: 
Salmonella typhi was cultured from blood in 5 
patients, in blood and stools in 2, in blood and urine 
in 2, in urine alone in one patient, and in stool alone 
in one patient. The Widal test was positive (S. typhi 
O titre 7320) in 9 patients. Six of these 9 patients had 
negative blood cultures. However, in the presence of 
pyrexia —399C, abdominal findings of pain, tender- 
ness and guarding, with constipation or diarrhoea, 
and an initial leucopenia (absolute neutrophil count 
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«2000 in 4 patients with an initial Widal test 7 320), 
we felt that a diagnosis of typhoid was extremely 
likely. 


Results 


Typhoid glomerulonephritis. In this group 8 patients 
presented with a history of oedema of longer than 
one month's duration, 2 bad had oedema for 2 weeks, 
and 3 patients had had oedema for a week or less. 
The oedema was of moderate severity affecting 
mainly periorbital areas and feet, with oedema of 
hands and sacral areas in some cases. All of these 
children had urinary proteins <2 g/l on Labstix 
testing. 12 children had serum albumin «3:5 g/l. 
Many of our children are malnourished, so 
suboptimal protein intake could be the reason for 
these low values. The remaining 2 patients did not 
present with oedema. They each had a history of 
general malaise, weakness, headache, and abdominal 
pain for 2-3 months before admission. Both 
developed oedema of the eyelids and feet 10 days 
after admission, by which time a diagnosis of 
typhoid had been made. 12 patients had temperatures 
37:59C; 6 had splenomegaly; 12 presented with 
signs of volume overload associated with hyper- 
tension (this excludes the 2 patients who developed 
clinical nephritis 10 days after &dmissicn). One 4- 
year-old gir] with BP 90/50 mmHg on admission 
developed hypertensive encephalopathy on day 10, 
with BP 150/120 mmHg. She was treated aggressively 
with antihypertensives and made a complete recovery, 
being discharged at 7 weeks. 

All patients except one had a negative ASOT. The 
third component of serum complement (C3) was 
reduced in all but 2 patients in this group, the range 
of C3 being 0-18-1:12 g/l apart from one patient 
with C3 «0:01 g/l (mean: 0-56 g/l + 0-38 SD) 
(normal 0:90 g/l + 0-19).? 

Two renal biopsies were performed; one because 
tbe aetiology of nephritis was obscure before the 
diagnosis of typhoid had been made, histology 
showed acute diffuse proliferative changes with weak 
deposits of Clq on the glomerular basement mem- 
brane and no deposits of IgG, IgM, IgA, IgE, 
fibrinogen, or C3 (serum C3 0:58 g/l). The second 
renal biopsy was performed after a 7-year-old boy 
developed acute renal failure requiring dialysis; 
histology showed focal interstitial nephritis with focal 
calcinosis in the tubules, fine granular deposits of 
IgG, C3, and Clq were present in the glomerular 
basement membrane (serum C3 0-26 g/I). The child 
recovered within 9 weeks and was discharged with 
normal renal function. 

Three of these patients died. They were the 3 
youngest of the group (2, 2, and 4 years). Two 


developed myocarditis after completion of a course 
of amoxycillin and died in intractable cardiac failure, 
one on day 27 after admission and the other on day 
77. The third was apyrexial on admission with 
features of nephritis, hypertension, and volume 
overload. She responded initially by producing a 
diuresis but relapsed on day 7 becoming oliguric, 
oedematous, and drowsy. She died within 20 hours 
of these changes. Blood, urine, and stool cultures on 
days 1 and 7 were negative. Initial agglutination titres 
to S. typhi O were negative. A blood culture taken on 
day 8 showed S. typhi. 

The remaining 12 patients each spent at least 
4 weeks in hospital and all had recovered clinically by 
12 weeks. 


Poststreptococcal  glomerulonephritis. All these 
children presented with a history of oedema of less 
than one week’s duration and had hypertension and 
evidence of volume overload on admission. No 
patient had a temperature greater than 37-5°C. 
Serum C3 was «0-01 g/lin all patients on admission. 
Statistics from this hospital show that 93% of 
patients admitted with PSGN have C3 «0:01 g/l. 
All these patients recovered within 2 weeks, with 
blood pressure, blood urea, and electrolytes again 
normal. 

Three patients had microscopic haematuria on 
discharge, but no evidence of schistosomiasis. 


Discussion 


Typhoid fever with classical features presents no 
difficulty in recognition and, in fact, in endemic areas 
can be correctly diagnosed on admission in about 
two-thirds of cases! However, when it presents 
atypically in the guise of one of its rare complications, 
diagnosis becomes difficult and appropriate treat- 
ment is delayed. 

There are various renal complications of typhoid. 
Cystitis, pyelonephritis, and pyelitis have been 
described. Dehydration if not managed correctly 
may lead to acute tubular necrosis. Henke and 
Lubarch? described the pathological findings in the 
kidneys of typhoid patients at necropsy as a diffuse 
toxic damage affecting the tubules and loops of 
Henle, with localised small cell infiltration of the 
interstitium. The glomeruli were generally spared in 
these cases. Scragg et al. described 2 patients with 
pyelonephritis complicating typhoid, both of whom 
had focal interstitial pyelonephritis at necropsy. 

Huckstep* and Rolleston and Ronaldson? found 
that typhoid nephritis did not differ clinically from 
PSGN. However, in children presenting with 
glomerulonephritis the distinction between strep- 
tococcal and S. typhi disease can be made on clinical 


grounds together with estimation of complement 
(Table 1). Patients with typhoid nephritis usually 
have had oedema for prolonged periods before 
admission, are likely to be pyrexial with spleno- 
megaly, and nearly always have a lower serum level 
of the third component of complemen:. If the rank 
sum test is applied to the C3 values the figures are 
statistically significant (P «0-01). Serum complement 
values (C3, C4, factor B, and total haemolytic com- 
plement) have been shown in our laboratory to be 
normalin typhoid fever uncomplicated by glomerulo- 
nephritis (Table 2). We have no satisfactory 
explanation for the prolonged history of oedema. The 
insidious onset of oedema together with these com- 
plement changes may suggest a less vigorous immuno- 
pathological process than occurs in PSGN. It is 
notable that 2 children were admitted with features 
of typhoid fever and only later developed nephritis, 
thus offering no problems in diagnosis. Typhoid 
glomerulonephritis although uncommon, is not 
rare, occurring in 4% of children with typhoid fever 
in our wards.® Gulati et al.” found a 2% incidence 
in adults, while Huckstep* reported it to be 1%. The 
overall mortality of typhoid fever in children seen 
during the last 16 years in our unit has been between 
3 and 895. The mortality of typhoid complicated by 
glomerulonephritis was 20% in this study. However, 
2 of the 3 deaths could not be directly attributed to 
glomerulonephritis. The mortality in mainly adult 


Table 1 Features useful in distinguishing 
poststreptococcal from typhoid glomerulonephritis 











Postztreptococcal Typhoid 
(n = 15) (n = 15) 
History of oedema 
one month 0 8 
One week or less 15 4 
Pyrexia >37 59C 0 12 
Splenomegaly 0 6 
ASOT 200 U/l 15 1 
C3 (mean g/l) <0 OL 0-56 
(P<0 01) 
Table2 Serum complement levels in typhoid 
glomerulonephritis compared with PSGN 
C3 C4 Factor B Total 
haemolytic 
complement 
Typhoid 
Mean 99.4 57-7 25.6 147 7 
SD 24 5 24.5 8.5 47.4 
SE 5.3 5-3 18 10.3 
Controls 
Mean 99.6 40-0 20 2 133.0 
SD 22 0 17-0 6.8 31.0 
SE 4-9 3.8 1-5 7-0 
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patients with typhoid glomerulonephritis varies 
between 23 and 30%.* 8 

Scragg et al. were not convinced that typhoid 
caused nephritis and suggested a double pathology. 
There is little doubt that patients in this study (with 
the possible exception of the one typhoid child with 
a positive ASOT) had typhoid nephritis and that 
this disease was not due to streptococci. The sugges- 
tion that typhoid nephritis exists as an entity 1s 
supported by the data of Sitprija et al? who performed 
renal biopsies on 3 adults with typhoid. They found 
evidence of possible immune complex glomerulitis in 
all 3 cases with Salmonella Vi antigen on the 
glomerular capillary wall. 

We felt that routine renal biopsies were not 
justified in typhoid fever with nephritis. The histo- 
pathological changes noted in one child in whom we 
performed a biopsy were similar to the diffuse 
proliferative lesions noted by Sitprija et al.? 


We thank Dr C Rubidge and Dr M Adhikari for 
assistance with records of the patients studied, Dr 
A Wesley and Dr G Blake for help with statistics, 
Mrs R Cooper for providing information on comple- 
ment values in typhoid fever, and Professor A Moosa 
for his continued support. 
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Proteus mirabilis meningitis and cerebral abscess in the newborn period 
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SUMMARY Three cases of Proteus mirabilis 
meningitis in neonates are repcrted, in 2 of which 
abscess formation was proved neuroradiologically. 
All neonates with P. mirabilis meningitis warrant 
a CAT scan, as does any newborn infant with 
meningitis who has a continuing pleocytosis after 
adequate treatment with antibiotics. 


P. mirabilisis not commonly implicated as a causative 
organism in neonatal meningitis;! in 1976 Hoffman 
et al? reported 2 cases of cerebral abscess caused by 
this organism. More recently Darby et al.5 reported 
an infant with a chronic brain abscess secondary to 
P. mirabilis meningitis. During a 6-month period we 
had 3 further cases, each from a different unit in this 
region; this suggests that this organism is becoming a 
common cause of meningitis with cerebral abscess 
formation. 


Case reports 


Case 1. This girl was born in a consultant maternity 
unit by spontaneous vertex delivery at 38 weeks' 
gestation weighing 3:12 kg, there being no antenatal 
or perinatal complications. She was transferred to a 
local GP unit at age 24 hours where she developed, 
12 hours later, a high fever and became irritable and 
shocked. She was immediately transferred to the 
neonatal intensive care unit where she was found to 
be jaundiced, tachypnoeic, and to have a smelly 
umbilicus. 

At 2 days CSF was not obtained for technical 
reasons, the only positive findings being P. mirabilis 
grown from the umbilical swab and from blood 
culture. A diagnosis of septicaemia secondary to 
omphalitis was made and gentamicin and penicillin 
were started, the organism being subsequently found 
to be sensitive to gentamicin. A repeat lumbar 
puncture was done because of convulsions, CSF 
showing a pleocytosis (polymorphs 28 x 1089/1, 
lymphocytes 2 x 106/1, glucose 1-6 mmol/L and 
protein 0-4 g/D, but culture gave no growth. In 
view of this further finding, chloramphenicol was 
added to the drug regimen. Her condition gradually 
improved and she was allowed home aged 27 days 
having received 21 days' parenteral antibiotic treat- 


ment. At discharge she was normal neurologically 
with a clear CSF. j 

Nine days later, aged 36 days, she was readmitted 
to this hospital after suddenly becoming irritable; 
on examination she was convulsing spasmodically. 
CSF showed 48:0 x 109/I polymorphs, no glucose, 
and a heavy growth of P. mirabilis. She was initially 
treated with gentamicin parenterally and intra- 
thecally and chloramphenicol parenterally; the 
latter was changed to co-trimoxazole when culture 
sensitivities were obtained. The day after admission a 
burr hole was performed with the intention of 
inserting a CSF reservoir, but at operation pus was 
aspirated, culture also growing P. mirabilis. CAT 
scan (Fig. 1} showed bilateral frontal abscess 
formation. Despite repeated surgical drainage and 
adequate treatment with antibiotics she died 19 days 
after admission. Necropsy confirmed the clinical and 
radiological findings. 


Case 2. This boy was born in hospital at 38 weeks’ 
gestation weighing 2:95 kg, there being no antenatal 





Fig. 1 Case 1. CAT scan showing the abscess cavity 
as a large area of reduced absorption In the left 
frontal region (arrowed); there is moderate ventricular 
enlargement. 


Proteus mirabilis meningitis and cerebral abscess in the newborn period 309 


problems. Delivery was by breech and there were no 
neonatal problems, discharge being after 48 hours. 
He was admitted to hospital at age 5 weeks with a 
3-day history of excessive crying and convulsions. 

He was pyrexial, unresponsive, and had staring 
'sun-setting' eyes. The anterior fontanelle was tense, 
head circumference being 39:5 cm with separated 
sutures; there was also increased extensor tone. 
Investigations were all negative, lumbar puncture 
being withheld because of raised intracranial 
pressure. À few days later he was transferred to the 
neurosurgical department in Derby because of a 
rapidly increasing head circumference. Subdural 
aspiration. yielded 200 ml pus, culture growing 
P. mirabilis. CAT scan (Fig. 2) showed a large 
frontal abscess. (Subsequent scans showed hydro- 
cephalus with possible loculation in the lateral 
ventricles.) Despite treatment by aspiration, adequate 
parenteral and local antibiotics (gentamicin, ampi- 
cillin, and co-trimoxazole), and CSF shunting, the 
head circumference continued to increase and it was 
felt that further surgery would be of little value. 
When last seen at age 104 months, he was retarded 
and functioned at a 2-month level His head cir- 
cumference was stable but future prognosis is poor; 
the latest CAT scan shows minimal cerebral mantle. 


Case 3. This boy was born in hospital at 35 weeks' 
gestation by vertex delivery, birthweight 2:5 kg, 
Apgar score 8, and was admitted to the neonatal 





Fig.2 Case Z. CAT scan after injections of meglumine, 
diatrizoate, and sodium diatrizoate (Urografin 290). 

The walls of both lateral ventricles show uptake of 
contrast producing a halo effect indicating severe 
ventriculitis. The frontal abscess cavity is arrowed 

and communicates with the right lateral ventricle. 


unit. There had been no antenatal care and at arti- 
ficial rupture of membranes, done to augment labour, 
there was offensive liquor. He developed mild hyaline 
membrane disease requiring umbilical catheterisation 
and continuous positive airways pressure. On day 4 
he had a series of short generalised convulsions with 
apnoea requiring intubation. At this stage CSF 
showed 11:0 x 108/1 polymorphs and a growth of 
P. mirabilis. YV chloramphenicol and intrathecal 
gentamicin and hydrocortisone were given. His con- 
dition deteriorated and he required assisted venula- 
tion for a short time. Gradually he improved, but at 
one month CSF still showed a pleocytosis, despite 
prolonged intrathecal therapy. He was transferred 
for neuroradiological investigations after a gamma 
scan had shown increased uptake in the frontal area. 
An air ventriculogram showed hydrocephalus with- 
out any evidence of a mass lesion. His condition 
gradually deteriorated despite treatment and he 
died aged 6 weeks; permission for necropsy was 
refused. 


Discussion 


Cases 1 and 2 had abscess formation proved both 
radiologically and surgicaly. In our third patient 
(Case 3) evidence was not forthcoming, but as he had 
an increased uptake on gamma scan in the frontal 
area and a continuing pleocytosis, he may have had a 
frontal abscess or an area of indolent cerebritis. We 
assume that in all patients the source of septicaemia 
and subsequent seeding of the P. mirabilis organisms, 
either directly or by septic thrombosis in the frontal 
areas, was via the umbilicus. Only Case 1 had a scalp 
electrode during labour. Although abscess formation 
in pyogenic meningitis is always worrying, it seems 
striking that P. mirabilis meningitis was complicated 
by frontal abscess in 2, and probably in all 3, babies 
described in this report. 

Neonatal meningitis still continues to be a major 
problem and carries a high mortality and morbidity. 
The incidence varies, the rates in Goldacre’s series* 
and the Collaborative Perinatal Research Study in 
the USA® being 0:26 and 0-46/1000 live births 
respectively. In Goldacre's series* the incidence of 
P. mirabilis was only 2 in 726 cases of neonatal 
meningitis. 

We feel that any neonate with meningitis who has 
a continuing pleocytosis despite adequate treatment 
with antibiotics should have neuroradiological 
investigation in the form of a CAT scan. In the light 
of our experience and that of other authors? it 
would seem worthwhile obtaining early CAT scans 
in all neonates who have P. mirabilis meningitis, 
where an abscess seems to be a common complica- 
tion and may also be silent. 
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Metoclopramide poisoning in children 


L C K LOW AND K M GOEL 
Royal Hospital for Sick Children, Glasgow 


SUMMARY 15 children with metoclopramide (Maxo- 
lon) poisoning are reported. One of the 5 children 
accidentally poisoned developed slight  extra- 
pyramidal signs. All 10 children who experienced 
extrapyramidal side effects while being treated with 
metoclopramide had received a dose greater than that 
recommended by the manufacturer of 0-5 mg/kg per 
day. Dystonic reactions are likely to occur if the 
recommended dose is exceeded, but individual 
susceptibility to metoclopramide and the cumulative 
effect of repeated doses of the drug may also be 
important. 


Metoclopramide (Maxolon), a chlorbenzamide deri- 
vative, is an antiemetic drug which has been available 
in the UK since 1967. It is regarded as a safe drug 
with few side effects and has been recommended for 
habitual vomiting, drug-induced vomiting, and as an 
adjunct to x-ray examination of the upper elimentary 
tract. However, alarming extrapyramidal side effects 
have been reported in children receiving the recom- 
mended dose,?? and in children who have taken the 
drug in excess.* ^ We have looked at a number of 
children who required admission to this hospital 
after accidental poisoning by this drug or as a result 
of its extrapyramidal side effects. 


Patients and method 


Between January 1967 and December 1978, 15 
children were admitted to this hospital with metoclo- 
pramide poisoning.” Most of the cases occurred 
during the last 5 years (Figure). The clinical details 
are summarised in Table 1. 


a 


LZZZA Accidental porsoning 
Therapeutic poisoning 


> 


t 


Number of patients 





1967 68 6% 19% 
January 


Figure Incidence of metoclopramide poisoning from 
January 1967 to December 1978. 


Tatle 1 Clinical information on 15 children with 
metoclopramide poisoning 


Group Age Weight Sex Dose ingested Duration from 
Gears) (kg) —— adminirtration 
(mg) Qngikg to symptoms 
per day) (hours) 
Accidental 111/12 15 F 50 3.3 — 
polsoning 1 5/2 9.6 M 60 6-3 — 
3 6[2 15-3 F 75 4-9 4 
2 1f22 12 M 100 8-3 — 
2 6/72 11-2 F 75 67 — 
Therapeutic 10 11/.2 34 F 210 1-2 120 
polsoning 3 7/12 165 F 45 1-9 36 
8 9/12 27 F 40 1-5 20 
11 4/12 35 F 30 0.9 24 
8 6/12 29.6 F 50 1-7 24 
911/12 31:5 F 60 1:27 36 
11 7/12 22.1 F 30 1.35 18 
10 6/12 30 M 40 1-00 30 
5/12 7-8 M 10 1-9 4 
9 6/12 30 M 70 1-0 56 





Accidental poisoning group. Five children were 
admitted because of accidental poisoning by 
metoclopramide. The drug had been prescribed for 
other members of the family in 4 cases and in the 
remaining child the drug had been prescribed for the 
patient himself because of gastroenteritis. These 5 
children were all under 4 years (range 1 year 5 
months to 3 years 6 months) and the dose ingested 
varied between 50 and 100 mg (that is, 3:3 to 8:3 
mg/kg per day) Gastric lavage was carried out 
within four hours of ingestion in all 5 patients. 
Motor restlessness and increased muscle tone in the 
limbs were noticed in one patient and these symptoms 
settled spontaneously. The other 4 children were 
symptom-free during their time in hospital. 


Therapeutic polsoning group. During the same 
period, 10 children were admitted because of 
dystonic reaction caused by metoclopramide. The 
drug had been prescribed for these patients because 
of vomiting associated with upper respiratory 
infection, influenza, or gastroenteritis. Four of these 
children were also receiving antibiotics at the same 
time. These patients were older than those in the 
accidental poisoning group, the average age being 
8 years 9 months (range 5 months to 11 years 7 
months). In most of them the extrapyramidal side 
effects had become manifest within 36 hours of 
starting treatment. In one patient the symptoms 
began after 6 days of treatment with metoclopramide. 
All the patients were conscious at the time of 
presentation and appeared agitated. Opisthotonos, 
increased muscle tone in the limbs, and torticollis 
were the most common abnormal physical signs in 
these patients at admission. The other symptoms and 
signs are summarised in Table 2. In 4 patients these 
extrapyramidal signs were episodic, each episode 
generally lasting between 5 and 10 minutes. Apart 
from restlessness, the patients were symptom-free 
between these attacks. The dose of metoclopramide 
taken by these 10 patients varied between 0-9 and 
1-9 mg/kg per day. In 2 patients the extrapyramidal 
manifestations were stopped by giving 1 mg IV 


Table 2 Symptoms and signs in 10 children with 
metoclopramide poisoning (therapeutic group) 


Symptoms and signs No. of patients 
Opisthotonos 

Torticollis 

Increased muscle tone 1n limbs 
Occulogyric crisis 

Facial grimacing 

Conjugate deviation of cyes 
Diplopla 
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benztropine, while the symptoms settled spon- 
taneously within 12 hours in the remaining 8 
patients. 


Discussion 


Extrapyramidal side effects are a rare complication 
of treatment with metoclopramide. All the patients 
in the present series were conscious at the time of 
admission and motor restlessness rather than 
drowsiness was observed. Opisthotonos and 
torticollis were the two most common extrapyramidal 
manifestations in our patients. In 4 of the patients in 
the therapeutic group the symptoms were episodic as 
has previously been noted.** When the drug was 
stopped the symptoms settled spontaneously within 
12 hours. We found that parenteral administration of 
benztropine was effective in stopping metoclo- 
pramide-induced dystonic reactions. Treatment with 
barbiturate has been found to be effective also.?-? 

All 10 patients in the therapeutic group had 
received metoclopramide in a dose greater than that 
currently recommended by the manufacturers, 
0-5 mg/kg per day (Table 1). Although it has been 
reported? that children can have these side effects 
with the dose recommended by the manufacturer, 
their patients received a dose varying between 0-56 
and 1-15 mg/kg per day. In the article by Witzel* the 
weights of the patients were not given. If one assumes 
that these were average, the patients received a dose 
greater than that currently recommended. In other 
reports extrapyramidal side effects have been 
observed in children who were overdosed.‘ 9 

Although it is difficult to be certain of the dose 
taken by the children who were accidentally poisoned 
by metoclopramide, no child in this series had severe 
dystonic reactions, despite the possibility of having 
taken a large quantity of the drug. Only one of them 
showed slight extrapyramidal signs. Two patients 
reported from France who had had massive overdoses 
recovered without any extrapyramidal signs.! One 
infant experienced extrapyramidal side effects 
within 30 minutes of a single intramuscular injection 
of metoclopramide 0-7 mg/kg. It is therefore 
possible that some individuals are more susceptible 
to the effect of the drug than others. 

Most of our patients developed symptoms within 
36 hours of starting treatment with metoclopramide. 
Similar observations have been made by other 
authors and extrapyramidal manifestations have been 
reported between 24 and 72 hours after treatment.?-* 
However, symptoms can occur as late as 120 hours as 
was the case in one of our patients. In one report,‘ a 
patient developed dystonic symptoms after 7 days of 
treatment with metoclopramide in a dose of 0:3 
mg/kg per day. Repeated doses of the drug may have 
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a cumulative effect leading to extrapyramidal 
manifestations although it is known that the plasma 
half-life of metoclopramide is short.” 

From our observation and that of others, metoclo- 
pramide is sometimes prescribed in the treatment of 
trivial illness. As dystonic reactions are distressing 
both to the patients and their parents, greater care 
should be exercised by doctors when prescribing this 
drug for children. The dose should not exceed 0-5 
mg/kg per day and prolonged use of the drug is not 
recommended. Extrapyramidal side effects after 
metoclopramide are rare and early diagnosis will 
depend on doctors being alert to the possibility so 
that unnecessary investigations can be avoided. Such 
reactions can be effectively stopped by administration 
of benztropine 1 mg intravenously. 


We thank our colleagues for permission to study 
patients under their care. 
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Q fever endocarditis in a 6-vear-old child 


ROBERT W A JONES AND DAVID W PITCHER 
Department of Paediatrics and Department of Cardiology, Guy's Hospital, London 


SUMMARY A 6-year-old boy with a congenital 
bicuspid aortic valve presented with finger clubbing 
and hypertrophic osteoarthopathy, and subsequently 
he developed severe hypertension. The hypertension 
was successfully treated by nephrectomy, at which a 
thrombosed mycotic aneurysm of the renal artery 
was found. Echocardiography showed the presence 
of aortic valve vegetations. Blood cultures were 
sterile, but high antibody titres to the phase 1 and 2 
antigens of Coxiella burneti strongly suggested Q 
fever infection. We believe this is the first reported 
case of Q fever endocarditis in early childhood. 


Case report 


A 6-year-old boy from a rural area in Libya pre- 
sented with a one-month history of polyarthritis and 
swelling of the fingers and toes. He had been in 
frequent contact with farm animals. After admission 
to hospital in Libya he was noted to have a heart 
murmur. Shortly afterwards he developed severe 
hypertension complicated by recurrent grand mal 
seizures. He was treated with a low salt diet and, after 
the demonstration of only one functioning kidney by 


intravenous urography, was transferred to Guy’s 
Hospital for further investigation. 

Examination showed pronounced finger and toe 
clubbing. There was also soft tissue swelling of the 
fingers whica felt warm and podgy. A polyarthritis 
was present affecting the elbows, wrists, knees, and 
ankles; there was pronounced synovial thickening 
and local wermth. Systemic fever was absent. Blood 
pressure was 180/130 mmHg .The pulse was normal. 
Auscultation showed a loud ejection systolic murmur 
preceded by an ejection click heard maximally over 
the aorta. A soft early diastolic murmur was present. 
The liver and spleen were palpable 6 and 4 cm 
respectively below the costal margins. No renal bruit 
was heard. Neurological examination was normal. 

Investigations showed: Hb 10-5 g/dl, WBC 
10-3 x 10°41 (normal differential), ESR 78 mm/Ist 
hour, blood cultures (multiple) sterile, immuno- 
globulins: IgG 17 g/l (normal 8-17), IgA 1-4 g/l 
(normal 1:5-4:5), IgM 4-6 g/l (normal 0-45—1 -45), 
urine microscopical examination: RBC 0-020—0- 300 
x 10?/1. Electrocardiography showed left ventricular 
hypertrophy, chest x-ray showed slight cardomegaly 
(cardiothoracic ratio 1:1-8), and on fluoroscopy 
aortic valve calcification was seen. X-ray of the limbs 


showed hypertrophic osteoarthopathy affecting the 
entire length of the radius and ulna, and the lower 
ends of both tibae. Intravenous urography showed a 
large but otherwise normal right kidney; there was 
no evidence of a functioning left kidney. Renal 
scintillography (technetium *""DTPA and DMSA) 
indicated the presence of a left renal artery, but 
showed no evidence of left-sided renal function. 
Renal arteriography showed two renal arteries 
supplying a normal right kidney; the appearances on 
the left side are shown in Fig. 1. Peripheral renin 
activity (Dr M J Dillon, Institute of Child Health, 
London) was 2660 ng A1/I per hour (normal mean 
for age 417, range 131-834), plasma aldosterone 990 
pmol/l; 35-6 ng/100 ml (normal mean for age 147, 
range 28-616 pmol/l, 5:3, range 1-22 ng/100 ml), 
upper right renal vein renin 4592 ng A1/l per hour, 
left renal vein renin 20 600 ng A1/l per hour. In 
view of the suspected diagnosis of infective endo- 
carditis and the failure to identify any organisms on 
repeated blood cultures, antibody titres to C. burneti 
were measured. Results are shown in the Table. The 
echocardiographic findings are shown in Fig. 2. 
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Table Reciprocal of complement-fixing antibody titres 


to phase 1 and phase 2 antigens of Coxiella burneti 
SA CMccctPt Pu Al caia A MH d RN 





Duration of illness Phase 1 Phase 2 
(weeks) 

10 <8 128 

14 <8 128 

18 128 64 

22 64 16 


As hypertension was unsatisfactorily controlled by 
drugs, left nephrectomy was performed. At operation 
a firm nodule was palpable at the hilum of the left 
kidney. Subsequent dissection showed that this was a 
thrombosed mycotic aneurysm of the renal artery 
(Fig. 1). Histology showed a florid granulomatous 
arteritis of the aneurysm wall with many large 
multinucleate histocytes. Three small calcific nodules, 
probably embolic in origin, were present in glome- 
rular hila. The glomeruli were otherwise normal. No 
micro-organisms were identified, and immuno- 
fluorescent staining for C. burneti was negative. 
Material from the aneurysm was sterile on bacterial 
culture, and failed to produce any evidence of Q fever 





Fig. 1 Left: left renal arteriogram. Catheter tip lies at the origin of the left renal artery, which is narrow and ends 
abruptly 1-5 cm from its origin. Distal to the block are seen multiple leashes of collateral vessels. Right: left 
nephrectomy specimen (viewed from behind ) showing the thrombosed mycotic aneurysm of the renal artery situated 


at the renal hilum (arrowed). 
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Fig. 2 Echocardiogram: (a) at the level of the aortic 
root and left atrium (LA). Multiple echoes arise from 
the aortic valve (Ao). In systole the cusps have a full 
excursion. A single distinct echo is recorded from the 
posterior cusp. Multiple echoes are seen to originate 
from the anterior cusp (V) suggesting vegetations on this 
cusp. The systolic murmur is seen on the simultaneous 
phonocardiogram (PC). 

(b) Across the left ventricle at the level of the mitral 
valve. Interventricular septum (IVS) and left ventricular 
posterior wall (PW) are labelled. Pronounced diastolic 
fluttering of the anterior mitral leaflet (AML) indicates 
aortic regurgitation. Dense echoes probably arising 
from vegetations (Ve) in the left ventricular outflow 
tract are seen between the anterior mitral leaflet and 
septal echoes. 


infection on guinea-pig inoculation (Dr A D Evans, 
Public Health Laboratory, Cardiff). 

Postoperatively the blood pressure remained 
normal without antihypertensives. The phase 1 
antibody titre to C. burneti had now risen 4-fold 
(Table). Co-trimoxazole and doxycycline were 
started. One month later the polyarthritis had 
resolved, the clubbing was less pronounced, and the 
ESR had fallen to 34 mm/Ist hour. X-ray of the 
forearms showed resolution of the hypertrophic 
osteoarthropathy. Auscultatory and echocardio- 
graphic findings were unchanged. Our patient 
subsequently returned to Libya where (one-year later) 
he is known to be well. He remains on treatment with 
antibiotics, but details of his clinical and serological 
status are not available. 


Discussion 


Chronic Q fever is a rare but increasingly recognised 
cause of infective endocarditis in adults. Diagnosis is 


based on the identification of C. burneti in affected 
valve tissue obtained at operation or necropsy, or on 
the demonstration of a high antibody titre to the 
phase 1 antigen of this organism.'? In the present 
case, delay in diagnosis resulted from the initial 
observation of a low phase 1 titre, the high phase 2 
titre suggesting acute rather than chronic infection. 
These findings, and the subsequent 4-fold rise in 
phase 1 titre, suggest that acquisition of infection 
was recent, contrasting with the long interval to 
diagnosis in many adult cases.? Early clinical 
presentation was due to the rapid development of a 
severe hypertrophic osteoarthropathy, a previously 
described finding in Q fever endocarditis.? A further 
complication in the present case was the development 
of renovascular hypertension in association with a 
thrombosed mycotic aneurysm of the renal artery. 
Despite the failure to identify rickettsiae in the 
aneurysm wall, embolism followed by arteritis is the 
likely pathological explanation, similar lesions of the 
popliteal and posterior tibial arteries having recently 
been reported. * 

While echocardiographic evidence of vegetations 
Is sometimes lacking in patients with proved infective 
endocarditis, in the present case the echocardio- 
graphic appearances of aortic valve vegetations 
(Fig. 2) confirmed the clinical diagnosis. In a 
critical transducer position the shaggy echoes seen in 
diastole appeared to fill the aortic root. Slight 
alteration of transducer angulation showed that these 
echoes moved anteriorly during systole, when a 
normal posterior cusp echo was recorded, suggesting 
that the vegetations were attached to the anterior 
cusp. The recording of abnormal echoes from the 
left ventricular outflow tract could be artefactual, 
due to scatter of the ultrasound beam, but in other 
reported cases of infective endocarditis with this 
appearance operative findings indicated that these 
echoes arose either from bulky vegetations within the 
subaortic left ventricular outflow tract or from a flail 
aortic leaflet prolapsing into this region.’ In the 
absence of echocardiographic evidence of aortic 
cusp destruction the former explanation seems more 
likely in the present case. Additional echocardio- 
graphic findings in our patient included fluttering 
of the mitral valve in diastole indicating aortic 
regurgitation.® The auscultatory findings suggested a 
congenitally bicuspid valve. Eccentrically placed 
diastolic echoes from the aortic valve, as seen in the 
present case, occur with bicuspid valves but may also 
be seen with oblique transducer angulation across an 
aortic valve with three cusps. Abnormal echoes 
arising from vegetations in our patient made clear 
confirmation of a bicuspid valve impossible, and this 
diagnosis remained a predominantly clinical one. 

Although previously considered rare in patients 


a 


with congenital heart disease,! the youngest pre- 
viously reported case of Q fever endocarditis was in 
a 15-year-old boy with congenital subaortic stenosis, 
and 7 adults with involvement of congenital bicuspid 
aortic valves have also been described.? The present 
case emphasises that chronic Q fever infection must 
be considered in the differential diagnosis of infective 
endocarditis in childhood, particularly if there is a 
history of contact with farm animals and if blood 
cultures are negative. 


We thank Dr G A K Missen and Dr M J Tynan for 
help and encouragement. 
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Facial palsy in an infant with coarctation of the aorta and hypertension 


P MOORE AND G I FIDDLER 


Department of Paediatric Cardiology, Killingbeck Hospital, Leeds 





SUMMARY We report the unusual association of 
facial palsy and severe hypertension in an infant 
with coarctation of the aorta. The facial palsy 
resolved before the hypertension was cured. 





Case report 


A 14-week-old boy was admitted because of failure 
to thrive and for recoarctation after a left subclavian 
flap aortoplasty which had been performed for a 
severe isolated coarctation at age 2 weeks. The 
femoral pulses which had been present after surgery 
were absent at 10 weeks, and repeat cardiac catheter- 
isation and angiography at 11 weeks had demon- 
strated the site of recoarctation and shown that left 
ventricular function was poor and there was a 
thickened left ventricular wall. On admission the 
infant was in mild cardiac failure and his systolic 
blood pressure was 200 mmHg in the right arm and 
80 mmHg in the legs, measured by the flush method. 
The next day a right lower motor neurone facial 
palsy was noted (this was particularly obvious when 
he cried), with facial asymmetry and inability to 
close the eye. No other neurological abnormality 


was found and fundoscopy was normal. Despite 
little success in controlling blood pressure with 6- 
receptor blockade, the facial palsy improved after 
5 days and had resolved after 3 weeks. The only 
other treatment given was methylcellulose eye drops 
and a pad to close the eye. Six weeks later the 
coarctation was successfully repaired by inserting 
a Dacron bypass graft at the site of the previous 
aortoplasty. The blood pressure fell to 140 mmHg 
(flush method) in the right arm in 4 days. Three 
weeks later there was a further fall to 120 mmHg. 
He remains well and is normotensive 6 months 
later. 


Discussion 


Lower motor neurone facial palsy associated with 
hypertension was first noted by Moxon in 1869.! 
Since then the association has been described in 
adults and children.?™ An incidence of between 3 
and 17% has been reported,” although it was 
not noted in a review of 100 patients. All the 
reported cases have been associated with hyper- 
tension of a renal or idiopathic aetiology and the 
overall prognosis has been poor. The present case 
appears to be the first to be caused by hypertension 
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due to coarctation of the aorta. This is probably 
because coarctation of the aorta accounts only for 
between 11 and 15% of severe childhood hyper- 
tension.* However, the outlook with this form of 
hypertension is excellent, as in our patient. The 
pathogenesis of the facial palsy is unknown but 
haemorrhage! 3 or oedema in the facial canal may be 
important factors. As in this case the prognosis for 
the palsy is good. 

In conclusion, lower motor neurone facial palsy in 
childhood may be associated with significant hyper- 
tension and the blood pressure should be recorded 
in any child with a facial palsy. 


We thank Dr David Sumner for constructive 
criticism, and Dr Olive Scott for permission to 
report this case. 
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Neonatal Society 


Meeting held on 8 November 1979 at the Institute of Child Health, London 


Blood pressure variations in the healthy neonate. 
F M Cowan (introduced by K W Cross). Neonatal 
Research Group, Department of Physiology, The 
London Hospital Medical College. 


To date, noninvasive estimations of neonatal blood 
pressure (BP) have often necessitated disturbance of 
the child and have generally been limited to systolic 
pressure. The Dinamap neonatal BP monitor 847 
gives long-term noninvasive monitoring without 
disturbing the child, who remains clothed and com- 
fortable in his cot. It measures the mean arterial 
pressure (MAP), and the pulse rate (PR), and 
deduces values for the systolic and diastolic pressures. 

10 normal term babies were studied to see the 
effect of different sleep states on their BPs. All were 
3 days old and had been fed at least 2 hours before 
the measurements. Sleep state was monitored using 
a bi-parietal electroencephalogram. The results con- 
firmed previous findings that the MAP, PR, systolic 
and diastolic pressures were higher in active than in 
quiet sleep (P<0-01, P<0-01, P<0-05, P<0-05 
respectively), and also that the Dinamap is suffici- 
ently sensitive to detect small physiological variations. 
A study was undertaken to record the effects of 
breast feeding on BP. In each baby the BP, MAP, 
and PR rose considerably during the feed but within 
minutes of its end had returned to resting levels, and 
any variations during the next hour were explicable 
by changes in sleep state or body movement. 


Positive pressure ventilation and cranial volume in 
newborn infants. D W A Milligan (introduced by 
K W Cross). Research Institute, Hospital for Sick 
Children, Toronto, Canada. 


It has been suggested that treatment of sick preterm 
infants with positive airways pressure might pre- 
dispose to intracranial haemorrhage.! In order to 
establish whether a rise in cranial volume takes 
place when positive pressure is applied to the airway, 
cranial volume, pleural pressure, and airway pressure 
were measured simultaneously in 15 infants requiring 
ventilatory assistance. Cranial volume changes were 
calculated from changes in occipitofrontal circum- 
ference measured with a mercury-in-Silastic strain 
gauge. The study had ethical approval. 


The increase in cranial volume which occurred 
with any application of positive pressure to the air- 
ways was found to depend on the proportion of that 
pressure which was transmitted to the pleural space, 
the relationship between these two being approxi- 
mately linear. Increases of cranial volume of 0-197 
or greater occurred when pleural pressure was 
+ 4cmH,0 or more or reached 20% of the pressure 
applied at the airway. The mean maximum increase 
in cranial volume was 0:025% for infants with 
hyaline membrane disease and 0-23 ?/ for those with 
‘normal’ lungs (P<0-001 on 2-tailed / test). 

The findings emphasise the need for more critical 
monitoring during periods of rapidly changing lung 
compliance. 
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Prognosis for very low birthweight infants treated by 
mask ventilation. A P Lipscomb, A Stewart, and 
E O R Reynolds. Department of Paediatrics, 
University College Hospital and Medical School, 
London. 


In 1974 we described a method for mechanically 
ventilating very low birthweight infants through a 
face mask, lightly held in place with tubular elastic 
netting.’ Pressure preset ventilators were used and 
the technique was used only when peak airways 
pressure no higher than about 12 cmH,O was 
needed. Subsequently Pape et al.? reported high 
incidences of intracranial haemorrhage (particularly 
into the cerebellum) in infants who died after mask 
ventilation, and of neurological sequelae in sur- 
vivors. These they attributed to compression of the 
head. 

We therefore examined the outcome for infants 
weighing —1500 g treated with mask ventilation at 
this hospital. 274 infants weighing —1500 g were 
admitted between 1975 and 1977. Necropsies were 
done on 77 of the 99 who died. No excess of cerebral 
haemorrhages was found in mask-ventilated infants. 
82 of the 175 survivors were mechanically ventilated. 
At follow-up, aged 15 to 42 months, 8 of the 41 
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infants ventilated only through endotracheal tubes 
and 8 of the 41 infants whose treatment included 
mask ventilation were found to have major handi- 
caps. We therefore found no evidence that mask 
ventilation per se caused cerebral damage in our 
population of infants. This might have been because 
compression of the head was kept to a minimum. 
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Transcutaneous oxygen tension measurements during 
sleep in the newborn baby and infant. E A Carse, 
D J Henderson-Smart, P Johnson, P Whyte, and 
A R Wilkinson. Department of Paediatrics, and 
Nuffield Institute for Medical Research, University 
of Oxford. 


We made sequential 6-hour polygraphic studies of 
14 healthy babies at 3-7 days and at 1, 3, and 6 
months of age. Five babies were the siblings of 
infants who had died from sudden infant death 
syndrome (SIDS). The heart and respiratory rates 
and transcutaneous oxygen levels for each minute 
during sleep in the two groups were compared. 
Heart rate was higher in active than in quiet sleep 
in both groups at all ages. This difference was 
significant (P —0-05) in the normal babies at 1 week, 
1 month, and 3 months, and in the siblings of SIDS 
at 1 and 3 months. There was no significant differ- 
ence in respiratory rate and transcutaneous oxygen 
level in active or quiet sleep in either group. 
Between | week and | month heart rates rose in 
both groups of babies (P —0-05) but fell again at 3 
and 6 months. In the normal babies respiratory rate 
did not change with age but in the siblings of SIDS 
it was higher at 1 week, and at 1 month it was 
significantly higher than in the normal group 
(P —0-05). It then fel! progressively at 3 and 6 months. 
Transcutaneous oxygen level rose in the normal 
babies between 1 week and 1 month and in siblings 
of SIDS between 1 week and 3 months (P —0-05). 
There was no significant difference in transcut- 
aneous oxygen level between groups at 1 month, 
when the siblings of SIDS had raised respiratory 
rates. This does not support the hypothesis that a 
higher respiratory rate in siblings of SIDS in the 
early months of life is due to chronic mild hypoxia. 


Effect of severe physical illness on the behaviour of 
very low birthweight infants. A Whitelaw, K Minde, 
and J Brown. Division of Perinatal Medicine, and 
Department of Psychiatry, Hospital for Sick 
Children, Toronto, Canada. 


10 very low birthweight infants (<1500 g) with 
serious medical complications, many requiring 
ventilation, were observed during their severe 
illnesses, 10 different behavioural patterns being 
continuously recorded on a multichannel event 
recorder. These 10 sick infants were paired with 10 
infants of approximately the same birthweights, 
gestational ages, and postnatal ages, who were well 
and had no medical problems, except for the need 
for oxygen in two of them. The well infants spent 
significantly longer with their eyes open, moving 
their arms, opening their mouths, and moving their 
heads than did the sick infants. The 10 sick infants 
were observed again, 2 weeks later, by which time 
they had recovered from their life-threatening com- 
plications. When recovered, they spent significantly 
longer with eyes open, mouths open, and moving 
their heads. Grimacing, smiling, hand to mouth, 
crying, yawning, arm or leg movements did not vary 
according to whether the infant was sick or well. 
Parents visiting their sick infants touched their babies 
and smiled at them much less than did parents of 
babies who were well. Thus attachment by parents to 
such small sick infants may be inhibited not only by 
Perspex walls and fear of death or damage, but 
also by reduced activity by the infant. 


Bacteriological findings in necrotising enterocolitis—a 
controlled study. M F Smith, M W Casewell, G S 
Clayden, and S P Borriello (introduced by J W 
Scopes) Department of Paediatrics and Micro- 
biology, St Thomas's Hospital, and Bacterial 
Metabolism Research Laboratory, London. 


The role of bacterial infection in the aetiology of 
neonatal necrotising enterocolitis (NEC) remains 
unclear. Many organisms have been postulated, the 
most recent contenders are bacteria of the genus 
Clostridium, particularly Clostridium butyricum’ and 
Clostridium welchii.? The interpretation of clostridial 
isolates from affected infants is made difficult by the 
lack of accurate quantitative and qualitative data on 
clostridial species in these infants. 

In a recent outbreak of NEC at St Thomas’s 
Hospital, stools from 6 NEC and 8 healthy infants 
were examined quantitatively and qualitatively for 
all Clostridium sp. Environmental specimens were 
also taken from 52 sites and cultured for Clostridium 
sp. 


19 stools from 6 NEC and 8 control infants all 
showed Clostridium sp. (except one from Case 10). 
Total clostridial counts ranged from 10* to 108-5 
clostridia/g wet weight of stool. No infant har- 
boured more than four species at any time. C. 
butyricum was the most common isolate and was 
found in stools from 5 NEC patients, but also in 
all but one of the 8 control infants. Clostridium 
difficile was isolated from 2 NEC infants during the 
active stage of their disease, but also from 7 of 8 
controls. A toxin, neutralised by Clostridium 
sordellii antitoxin, was found in the stool of one 
NEC and 4 control infants. Clostridium perfringens 
was isolated from 2 infants and, although Clostridium 
tertium and Clostridium paraputrificum are usually 
present in the faeces of term infants, these species 
were not isolated from any of the 19 stools. 

These results do not implicate a single aetio- 
logical agent of the Clostridium sp. C. difficile, the 
aetiological agent in adult pseudomembranous 
colitis, must also be considered an unlikely organism 
in NEC. The continued occurrence of NEC in 
‘epidemic’ form must surely indicate a transmissible 
agent, possibly of a viral nature. (Results reported in 
full—Journal of Infection 1980, in press.) 
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Clinical and pharmacokinetic evaluation of amikacin 
in low and very low birthweight babies. J H Tripp, 
B D Cookson, and T Leung (introduced by R J 
Harris). The London Hospital. 


Amikacin was studied in 35 newborn infants with 
Suspected septicaemia. Median and (range) of 
gestation was 30 (24-40) weeks, of birthweight 
1500 (700-2900) g, and of age 5 (1-94) days. The 
initial dosage of 15 mg/kg per day was increased to 
20 mg/kg per day because of low plasma levels. The 
higher dose gave satisfactory peak (derived by 
inspection of curves) and 12-hour trough levels in 
infants <1400 g and —4 weeks. 

Multivariate analysis showed that plasma creati- 
nine accounted for 70% of the total variance of 
trough levels. Effects of postnatal age and weight were 
partly due to differences in plasma creatinine con- 
centrations. Arterial pH and Pco, had significant 
effects in the whole group but not when those with 
renal impairment were excluded. 
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13 infants had impaired renal function but no 
evidence of renal toxicity. Plasma urea was a very 
poor guide to renal function in this group of infants. 

Two infants died out of 7 with positive blood 
cultures—one with Staphylococcus aureus infection 
and one with Alcaligenes. One treatment failure had a 
positive blood culture with the original organism 
(Escherichia coli) after a week of treatment but 
responded well to ampicillin. Eight other infants 
had bacteriological and clinical evidence of infection 
and responded satisfactorily. 

Unwanted effects were confined to colonisation 
with a ‘new’ organism during treatment in 5 infants, 
one of the organisms being an amikacin-resistant 
Pseudomonas sp. 


Insulin injection of rabbit fetuses in utero increases 
somatomedin and cartilage metabolic activity. D J 
Hill and R D G Milner. Department of Paedia- 
trics, University of Sheffield, Children's Hospital, 
Sheffield. 


The effect of exogenous insulin on plasma somato- 
medin activity and cartilage metabolism in rabbit 
fetuses is reported. 

One fetus in each of 12 litters of Dutch rabbits 
was injected with one unit of IZS insulin subcut- 
aneously on day 27 of gestation and a control fetus 
was injected with the same volume of saline. The litter 
was delivered by caesarean section on day 29 and 
plasma and costal cartilage were collected from all 
fetuses. Plasma somatomedin activity was determined 
by the fetal rabbit cartilage bioassay.! Costal 
cartilage from each fetus was incubated in medium 
containing ?H-thymidine or *S-sulphate as in- 
dicators of cell replication and matrix synthesis 
respectively. Individual values for somatomedin 
activity or cartilage isotope uptake were ranked 
within a litter. 

In each case the rank in the litter of the insulin- 
injected fetus, but not the saline-injected fetus, was 
significantly higher than the mean rank of the 
litter. Insulin (10 &U/ml—1 U/ml) added to the 
cartilage incubation medium with or without fetal 
rabbit plasma had no direct action on cartilage meta- 
bolism in vitro. 

The results suggest that insulin may act as a fetal 
‘growth hormone’ by stimulating skeletal growth 
via the somatomedin pathway. 
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Vitamin D requirements for preterm infants. M J 
Robinson, J E Compston, A L Merrett, V A 
Tetlow (introduced by J W Scopes). Departments of 
Child Health, Gastroenterology, and Clinical 
Chemistry. St Thomas's Hospital, London. 


Although there are guidelines for vitamin D sup- 
plementation in term infants, the requirements of 
preterm infants are uncertain and doses of 400 to 
1000 IU/day have been recommended. Hillman and 
Haddad! found no increase in plasma 25-hydroxy- 
vitamin D (25-OHD) levels with oral vitamin D 
supplements until after 36 weeks' gestational age. 
Wolf et al.2 reported an increased plasma 25-OHD 
in response to oral vitamin D at 32 to 34 weeks. 

24-OHD levels were studied in two groups of 
preterm infants, A and B, given 400 and 1000 IU 
of oral vitamin D daily. Both groups of babies 
showed increases in plasma 25-OHD at 36 weeks 
compared with presupplementation levels (group A, 
P—0-025; group B, P —0-0025). Plasma 25-OHD 
levels at 36 weeks were not higher in group B than 
in group A. The rise in 25-OHD after supplementa- 
tion correlated with the initial plasma 25-OHD value 
(R = — 0:68, P —0-0025). There were no differences 
in plasma calcium and alkaline phosphatase. 

Our results demonstrate the ability of preterm 
infants to absorb 25-hydroxylate vitamin D, 
but do not exclude the possibility of impaired 1o 
hydroxylation or end organ unresponsiveness to 
1:25-OHD, which could cause rickets in the presence 
of normal plasma 25-OHD. 

We conclude that a daily oral supplement of 400 
IU of vitamin D is sufficient to produce normal 
plasma 25-OHD levels by 36 weeks’ gestational age. 
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Serum 1,25-dihydroxy vitamin D in neonates. E 
Anderson and B Lund (introduced by J P M Tizard). 
Department of Paediatrics, and Department of 
Orthopaedic Surgery, Frederiksborg County Hos- 
pital, Denmark. 


The mechanism by which changes in calcium meta- 
bolism in the neonatal period are effected is unknown. 
High levels of the metabolite 1,25 dihydroxy chole- 
calciferol (1,25 (OH),D) in pregnancy! and very 
high levels of this hormone in early childhood? have 
been reported. 

In the present study we investigated the serum 
levels of 1,25 (OH),D and calcium in cord blood and 
when the infants were aged 12 hours, 24 hours, and 
3 days. 44 blood samples were taken from 16 
term infants, of normal weights for dates, whose 
mothers had had normal pregnancies and deliveries. 
None was asphyxiated. 

From a cord blood level of 41 pg/ml of 1,25 
(OH),D, there was a gradual increase in serum level 
to 74 pg/ml at 3 days of age, which was statistically 
significant (P —0-003). Simultaneously, a significant 
fall in serum calcium from 2:68 mmol/l in cord 
blood to 2:04 mmol/l at 12 hours, and subse- 
quently a rise to 2:12 mmol/l at 3 days (<0-001) 
was found. 

A. possible explanation for the observed rise in 
1,25 (OH),D level is a combined stimulating effect 
of low serum calcium and high serum parathyroid 
hormone on | «-hydroxylase. 
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Is nail trephining safe? 


Sir, 

Injury to the fingertip or toe often results in a subungual 
haematoma. Some of these patients, and we do not know 
the exact proportion, will have sustained a fracture of the 
terminal phalanx. 

If the haematoma is painful, the usual treatment is to 
trephine the nail! Presumably this converts a closed 
fracture (if present) to a compound one. This being the 
case, it seems possible that trephining (or not trephining) 
may increase the potential for osteomyelitis. Local 
inquiries suggest that such a hazard is purely theoretical— 
has anyone seen this complication ? 

We wonder if it is safer to obtain an x-ray and avoid 
trephining a subungual haematoma if a fracture is 
present. 
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Cimetidine and peptic ulceration in 
a Meckel's diverticulum 


Sir, 

Cimetidine is an effective agent in duodenal ulceration,! 
and has been used in the management of gastrointestinal 
bleeding particularly that due to gastric ulceration.? It has 
also been used in the treatment of haemorrhage from a 
Meckel's diverticulum when there is a contraindication 
to surgery? We report the results of treatment with 
cimetidine in a boy with a Meckel's diverticulum and 
Duchenne muscular dystrophy. 

A 12-year-old boy with Duchenne muscular dystrophy 
was admitted with a 24-hour history of melaena and fresh 
rectal bleeding. There had been several episodes of 
nonspecific abdominal pain. Barium studies were 
negative but a technetium scan showed an appearance 
that suggested a Meckel’s diverticulum. In view of his 
condition, treatment with cimetidine 100 mg 6-hourly was 
started. The boy remained asymptomatic for 3 months 
and then, while still on treatment, presented with acute 
generalised peritonitis. At laparotomy a perforated 
Meckel’s diverticulum was removed, histology of which 
showed ulcerated epithelium of gastric type. Post- 
operative recovery was uneventful. 


Although successful treatment with cimetidine of 
bleeding Meckel’s diverticulum has been recorded? this 
experience suggests that there are major shortcomings in 
this line of management. Although there may be fairly 
adequate control of pain and even of bleeding, it should 
probably only be regarded as a short-term rather than 
long-term treatment. Clearly perforation of a Meckel’s 
diverticulum can occur while the patient is on He anta- 
gonist therapy. We confirm that surgery is the treatment 
of choice for this condition. 
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Comparing methods of assessing 
gestational age 


Sir, 

One of the more common types of medical investigation 
is to compare two methods of measuring something. 
Although this is one of the most straightforward of 
statistical problems it seems to produce more than its 
fair share of incorrect analyses. 

Dr Cater! has compared gestational age derived from a 
total maturity score (TMS) with gestational age calculated 
from the date of the last menstrual period (LMP). The 
two gestational ages were compared for 76 low birth- 
weight (LBW) babies and 80 ‘matched controls’. (Why 
there are 80 controls and what they were matched for we 
are not told.) The LBW babies were divided into term and 
preterm groups, presumably on the basis of the LMP. 

For each of the three groups—controls, preterm LBW, 
and term LBW—an unidentified statistical test was 
performed to compare the mean gestation by each 
method. If this had been done using a paired / test (or a 
Wilcoxon test if the within-subject differences were 
nonGaussian) this would have been the correct way of 
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determining if one method was biased compared with the 
other. However, this does not answer the more important 
question, ‘Does the TMS-derived gestational age agree 
sufficiently well with the LMP-derived age for individual 
babies?” To answer this question it is necessary to 
consider the distribution of the within-person differences 
between the ages derived by each method (see, for 
example, Wu et al.?). 

A separate criticism of this paper concerns the division 
of LBW babies into term and preterm groups. While it 
may be of interest to see if the results are different for the 
two groups, the only relevant analysis is that for all LBW 
babies together. The whole point of the exercise is to see 
if the TMS method can accurately assess gestational age, 
and distinguishing between LBW babies of different 
gestations is an important aspect which Cater's approach 
cannot fully consider. Even if the statistical approach were 
valid, a conclusion that the method works for term babies 
is of limited value if you do not know exactly which babies 
these are. 

I recently made similar remarks? about a paper by 
Serfontein and Jaroszewicz* in which two other methods 
of assessing gestational age (Dubowitz's and Robinson's) 
were compared. Serfontein and Jaroszewicz! had used 
correlation—a method which Dr Cater rightly rejects, but 
for the wrong reason. Their reply to my previous letter 
dismissed my criticisms as minor. They were however, 
fundamental, as are my criticisms of Dr Cater's paper. It 
is not statistical quibbling to raise these points. Each type 
of analysis tests a different hypothesis; if you choose an 
incorrect analysis you will test an inappropriate 
hypothesis. 

As in the earlier paper, Dr Cater's conclusion that two 
different methods are comparable is totally unjustified. In 
both cases the authors have collected the correct data to 
enable them to answer their question, but have used 
incorrect analyses, and in both the data they present 
suggest that agreement may not be particularly good. 

A minimum requirement for the comparison of 
methods is a scatter diagram relating the methods and 
indicating the line of equality, together with an analysis of 
the within-person differences between methods. 
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Dr Cater comments: 


I am grateful to Mr Altman for his interest and comments. 
The infants studied were a sample from a larger survey of 
LBW babies and their controls were matched for paternal 
occupation, ordinal position in the family, maternal 
height, smoking, and sex of the baby. Those of certain 
gestation were selected as controls and were therefore not 
strictly matched. 

Mr Altman is right in saying that the paired ż test will 
not prove the equivalent of TMS and LMP methods. It is 
however a necessary if not sufficient condition if the two 
methods are equivalent for the means to be the same. It is 
precisely for this reason that the further analysis of 
subgroups is relevant since the equivalent of means for 
these subgroups should also be demonstrated. 

I cannot agree that the only relevant analysis is to 
consider all the LBW babies together. Detection of bias 
in the TMS for particular subgroups may suggest possible 
recalibration to improve the scoring system. 

As clinical methods for corroborating maternal 
menstrual data in neonatal work become more wide- 
spread, it is important to be aware of both the clinical and 
the statistical limitations of the available scoring methods. 
Further study of this is proceeding. 
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Exchange transfusion in newborn 
infants 


Sir, 

We were interested to read the report by Pelet! of the 
effect of exchange transfusion on opsonisation and 
granulocyte function. While he clearly shows that 
exchange transfusion increases the capacity of serum to 
promote phagocytosis of heat-killed bakers' yeast, this 
may not be the same phenomenon as correction of the 
isolated defect of yeast opsonisation by plasma as 
described by Soothill and Harvey.? Newborn infants have 
a number of immunodeficiencies and one in particular, 
namely deficiency of factor B of the alternative pathway 
of complement,? is likely to be important in the patho- 
genesis of defective yeast opsonisation. We have shown 
that children with fulminant hepatic failure (FHF) not 
only have defective yeast opsonisation, but also profound 
defects of functional activity of both C3 and factor B 
(V F Larcher, R J Wyke, A P Mowat, R Williams, in 
preparation). The addition of subopsonising amounts of 
normal sera to FHF sera restores yeast opsonisation, as it 
does in children with primary yeast opsonisation 
deficiency, but addition of factor B-depleted sera, even in 
equal volumes, did not provide more than 50% restoration 
of opsonising activity. On the other hand, the opsonising 
capacity of sera from patients with primary isolated 
yeast opsonisation deficiency can be fully restored by the 
addition of factor B-depleted sera. 


These results suggest that normal yeast opsonisation is 
also, to some extent, dependent on adequate functional 
levels of factor B. Therefore, unless activity of other 
complement components is measured in parallel, care is 
necessary in the interpretation of the yeast opsonisation 
test. 

Finally, the deficiency of yeast opsonisation found in 
two of Pelet's donors may not have been due to incorrect 
storage of blood but to primary yeast opsonisation 
deficiency, which occurs in 5% of the normal population. 
The use of plasma from such individuals was thought to 
have been the explanation for the poor opsonic response 
to plasma infusion in one of our patients with protracted 
diarrhoea and defective yeast opsonisation.* 

We believe that these observations stress the need to 
screen potential donors of blood for exchange transfusion 
for white cell and opsonic function if this procedure is to 
be used rationally in the treatment of septicaemia. The 
opsonising capacity of sera from normal healthy 
individuals does not seem to alter markedly with time 
(personal observations) so that there is a case for the 
prospective estimation of this parameter at least in 
potential donors. 
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VicTOR LARCHER AND ALEX P MOWAT 


Department of Child Health, 

King's College Hospital Medical School, 
Denmark Hill, 

London SES 8RX 


Dr Pelet comments: 


I appreciate Drs Larcher and Mowat’s comments 
concerning a possible defect in the ‘functional activity’ of 
both C3 and factor B. There is increasing evidence that 
in vitro factor B and C3 activation is defective in newborn 
sera.'~* I found no correlation between the level of factor 
B or C3 and the grade of opsonisation deficiency as 
indicated by the opsonisation index. Furthermore, 
studying synthesis of C3 and analysing the degradation 
products both of factor B and C3 in normal and 
septicaemic newborn sera before, during, and after 
exchange transfusion, I came to the conclusion that in 
vivo as well as in vitro, such an activation deficiency 
should be postulated.? Larcher and Mowat’s observation 
on FHF seems to be another clinical situation where a 
similar defect is observed. In cases of hepatic failure there 
could be an additional and different mechanism, since 
liver is one of the sites for the synthesis of C3. 
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I fully agree that potential donors of blood for rational 
septicaemia treatment should be screened for white cells 
and sera functions. 
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A suggested child-health clinic form 


Sir, 

Professor Illingworth! invited comment on intervention 
programmes for children who speak late and have been 
properly tested for hearing defect, and of the effectiveness 
of such programmes. Cooper et al? set out to find and 
prove an effective way of helping language development 
in children with early language handicaps. Their 5-year 
study? of 119 children in the age range 2 to 44 years, 
together with field trials at clinics, showed that most 
‘programme’ children made accelerated progress in all 
language-related areas of development and that this 
improved rate of progress was maintained. Sonksen* 
Showed that the accelerated progress occurred in children 
with all degrees of handicap and there was no evidence 
that it was related to degree, nor was there a relationship 
to the paediatric categories of ‘causal’ or ‘developmental’. 
The Wolfson intervention programmes* introduced last 
year by our speech therapists at the Newcomen Centre 
give encouraging results. 

Professor Illingworth also questions the need for 
routine vision tests for children under age 5 years, 
relying instead on nystagmus, opacity, or persistent squint 
to reveal treatable visual acuity problems. The Stycar 
distant vision tests in daily use at the Newcomen Centre 
give convincing evidence of reliability in picking up 
visual impairment, and lead to early referral to an 
ophthalmologist for refraction. Near vision tests are more 
difficult to interpret. The 6-month-old infant's interest in a 
| mm sweet is taken as an indication of adequate near 
vision. Ophthalmologists are becoming increasingly 
concerned by the late discovery of children with squint 
and amblyopia, which have escaped detection until visual 
acuity is tested. Ingram,? in a review of all cases referred 
to hospital and school eye clinics in his district in one 
calendar year, found that the majority (69 57) of amblyopes 
presented after 5 years of age. Little more than half the 
children with esotropia had a cosmetically noticeable 
squint. He pointed out that no improvement can be 
expected for either straight-eyed amblyopia, or for the 
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child with a squint that is not cosmetically noticeable, 
unless visual acuity is checked earlier than school entry. 
Assessment of function in each area of development is 
surely basic to developmental assessment ? 
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Dorotuy F EGAN 


Newcomen Centre, 

Guy's Hospital, 
St Thomas Street, 
London SEI 9RT 


Human growth hormone (UK) 


Sir, 

A paragraph in the Annotation by Milner’ has been 
interpreted by some of my professional colleagues as 
meaning that I have acted in breach of Rule 15, paragraph 
3 of the Rules of the BPA and been guilty of unprofessional 
conduct. The collocation on p.734 of a quotation from my 
address to the annual meeting of the BPA on 28 March 
1979, and the immediately succeeding sentence: ‘The 
next day... poor growth youngsters’ coupled with 
Rule 15, paragraph 3 of the Rules of the BPA clearly 
implies that I communicated my views to the Glasgow 
Herald, or was a party to the Glasgow Herald 
publishing its article. 

The facts are that I have for some time been treating 
patients at the Royal Hospital for Sick Children, Glasgow, 
for growth hormone deficiency with hGH (UK). Recently 
I became disturbed about the possibility of contaminants 
in the hGH (UK) adversely affecting some of these 
patients. I therefore invited the parents of all my patients 
to come to the hospital and explained to them that I had 
become aware of the overall nature of the preparation in 
use and that from my search of the literature I could not 
find an irrefragable statement that the contaminants had 
no deleterious effects on children. I made the point that it 
was right and proper that parents should be aware of the 
facts. I understand that a parent of one patient communi- 
cated with the press. 

At the meeting in York I observed a newspaper 
reporter, for whose presence I was not responsible. This 


reporter had approached me some time previously but I 
declined to make any statement. The articles in the 
Glasgow Herald of 29 March headed: 
‘Scots doctor challenges growth treatment’: HGH 
‘Wonder cure’ has turned sour for our ‘poor growth’ 
youngsters: Why are the doctors staying tight 
lipped?: Fearful parents who stopped hormone 
therapy on daughter: Medical treatment for one 
child that can cost a cool £40 000 
were neither written nor authorised by me, nor was any 
matter on the subject communicated to the Glasgow 
Herald or any of its staff either by me or on my behalf, at 
this time. 

The facts accordingly do not justify the inference 
naturally drawn by some of my colleagues from the 
collocation of the sentences on p. 734 of the Archives. 

In these circumstances I must request you to publish 
this explanation and to make a suitable correction and 
sufficient apology to me for the imputation against my 
professional character. 
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WILLIAM HAMILTON 


University Department of Child Health, 
Royal Hospital for Sick Children, 
Yorkhill, Glasgow G3 8SJ 


The Editors comment: 


Neither the editors nor Dr Milner intended to imply that 
Dr Hamilton was responsible for the reports in the 
Glasgow Herald, or that he had committed any kind of 
professional misconduct. We are happy to make this 
entirely clear and to publish Dr Hamilton’s explanation. 


Upper urinary tract anomalies in 
the congenital adrenogenital 
syndrome 


Sir, 

McMillan et al. noted there is often an association 
between congenital adrenal hyperplasia and anomalies of 
the upper urinary tract. We studied 13 patients with 
congenital adrenal hyperplasia diagnosed by conventional 
methods to see if such an association exists. The ages 
of the patients ranged from 1 month to 8 years. 12 of them 
(7 boys and 5 girls) had a deficiency of 21-hydroxylase, 
10 being ‘salt losers’. The 13th was diagnosed as having a 
deficiency of 11-beta-hydroxylase; she was hypertensive. 
The 17-ketosteroids in 24-hour urine collections were 
raised in all patients, with a wide range of values from 
3-0 to 9-2 mg/24 h (10-4 to 31-9 umol/24 hb), well above 
those found in normal children. Excretion of pregnanetriol 
in the urine was raised in 12 patients (in one it could not 
be determined). In all patients intravenous pyelography 
was performed; only one, in a male ‘salt loser’ with 
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deficiency of 21-hydroxylase, were the findings abnormal. 
He had a benign renal cyst, and has had several asympto- 
matic positive urine cultures. 

McMillan et al.! found the frequency of upper urinary 
tract anomalies in the adrenogenital syndrome to be 40%. 
Only one (8%) of our 13 patients had an anomaly, 
which is much closer to the incidence of 3-9 % in unselected 
paediatric necropsies,? and of 8-2% in children with 
major nonurological anomalies.? 

Obviously our series, like that of McMillan,! is small 
and no firm conclusions can be drawn until larger series 
are studied. Nevertheless, we cannot confirm the very high 
incidence found by McMillan's group. 
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Book reviews 


Epilepsies of Childhood. Postgraduate 
Paediatrics Series. By Niall V O'Donohoe. 
(Pp. 318; illustrated + tables. £16-00 
hardback.) Butterworth: London. 1979. 


Niall O'Donohoe, the paediatric neuro- 
logist from Dublin, has written a com- 
prehensive, valuable, and most readable 
book on the complex and often confused 
subject of epilepsies of childhood. The 
first half of the book deals with the many 
individual types of seizures which occur in 
children. The author uses the international 
classification of epilepsy, and for the first 
time persuaded me that this can be 
illuminating and helpful in the under- 
standing of fits in childhood. However, he 
also emphasises the chronological aspect 
of childhood fits, correctly stressing the 
importance of age of onset. Difficult areas 
are generally dealt with very well, both 
those concerned with classification and 
diagnosis, as in the myoclonic epilepsies, 
and those concerned with management, for 
example the child who has had a single 
convulsion. 

The second half of the book is con- 
cerned with more general aspects which 
cross the boundaries of the different 
varieties of fits. Many of these chapters 
contain valuable information— for 
example on ‘Epilepsy and sleep'—though 
a few seem a little artificial—for example 
‘Epilepsy in the adolescent’. 

The advice on management is excellent 
(even allowing for the prejudice I may 
have felt because the author's views agree 
so closely with my own), detailed, and 
practical. It is implicit throughout the 
book that there is more to the manage- 
ment of epilepsy than the administration 
of drugs. Nevertheless, there is much 
sound detail on drug treatment with clear 
statements of what, when, how, and how 
much. Drugs are dealt with not only 
under the individual types of fits, but also 
in separate chapters in the second half of 
the book, and there is good discussion of 
their unwanted effects as well as their 
value. 

The writing is given depth by good and 
relevant short discussions of the neuro- 
physiological background and by the 
authors wide and sensibly critical 
knowledge of the literature, which 
includes some very up-to-date references. 


All this is set against references to the 
author's personal clinical experience, 
which are not simply anecdotal but give an 
impressive authority to what he says. It is 
intrinsically very difficult to obtain useful 
still photographs of fits, but he includes 
some excellent ones of petit mal and 
atonic-akinetic attacks. 

I found remarkably little to criticise, but 
here are two suggestions for the second 
edition. The subject of restrictions on 
activity for the child with epilepsy is dealt 
with in passing in at least three places, but 
it deserves a fuller discussion and perhaps 
a separate chapter. Does Dr O'Donohoe 
have less difficulty than I do, with school 
medical officers and education authorities, 
over the question of epileptic children 
swimming? Could he be more specific 
about cycling, and about the question of 
the child with frequent fits going out on 
his own or taking himself to school? The 
whole question of risks and benefits needs 
careful analysis in this area. Secondly, the 
chapter on investigations could be 
improved by a more definite statement as 
to which laboratory investigations are 
worth doing and about the value of the 
EEG in management. 

I warmly recommend this book to 
everyone who deals with children with 
epilepsy, and that must include virtually 
the whole readership of the Archives. 


ROGER ROBINSON 


Paediatric Emergencies. Postgraduate 
Paediatric Series. Edited by J A Black. 
(Pp. 874; illustrated + tables. £29-00 
hardback.) Butterworth: London. 1979. 


An emergency is here defined broadly as 
an acute illness in which lack of prompt 
and appropriate treatment would result 
in death, disability, or delayed recovery, 
and so the book is ambitious in scope and 
is therefore long. The emergencies 
covered are not only medical: there are— 
for example, separate chapters on multiple 
injuries, burns, dental emergencies, acute 
psychiatric, and medicolegal conditions. 
John Black, the editor, has himself written 
33 of the 71 chapters. Although there are 
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more than 30 other contributors, an almc 
uniform clarity of expression, helped ` 
well spaced subheadings, gives unity 
this excellent book. It is easy to read ar 
to refer to. It has a good index and the 
are useful cross references betwee 
chapters. At the end of most chapters the 
are a few up-to-date reference 
Particularly valuable are the chapters c 
acute poisoning (Roy Meadow), electroly 
disorders (John Black), diabetes (Dav 
Baum), and malaria (James Stanfield). 

The section on tropical and subtropic: 
disorders fills a great need and shoul 
make the book more widely popul 
although the chapter on smallpox is no 
happily an anachronism and instead or 
would have liked to see the emergencies c 
the malnourished child dealt with mor 
fully: keratomalacia is not mentioned. 

In any such book there are bound to b 
gaps. Any paediatrician who is calle 
regularly to the acutely ill newborn woul: 
have liked more on the problems of th 
infant of very low birthweight. I wa 
disappointed not to find a separat 
chapter on respiratory distress, and thers 
is only a brief description of ventilatory 
assistance to the newborn. 

If it is true, as the editor suggests, tha 
the standard of emergency care in genera 
paediatric departments lags behind tha 
of more specialised units, this book shoul« 
help to remedy this. Although ver 
readable, it is a front line book, for th. 
acute paediatric ward rather than the 
library. Every paediatric department 
should have it. 


DEREK ROBINSON 


Paediatric Neurology. Edited by F Clifford 
Rose. (Pp. 701; illustrated -- tables. 
£47.50 hardback.) Blackwell: Oxford, 
1979. 


This book claims in the foreword, I 
believe correctly, to be the first multiauthcc 
textbook of paediatric neurology pre, 
duced in the UK, and it will therefore be 
eagerly examined by British paediatricians 
as well as paediatric neurologists. As one 
would expect of a multiauthor book, there 
are some excellent and authoritative 
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apters by leading experts in their 
rticular field. These include F B Gibberd 
* petit mal, L S Basser on benign 
roxysmal vertigo, F S Gubbay on the 
imsy child, and Sheila Wallace on 
rexial convulsions. John Stephenson 
tributes a fascinating chapter on 
— rebellar disorders, with some rather 
rsonal views and much condensed useful 
formation. Perhaps another half dozen 
‘the 39 chapters are of almost the same 
terest and quality, but much of the rest 
a disappointment. Barely a quarter of 
€ authors are practising paediatric 
"urologists, and some of the chapters 
»em to be based more on knowledge of 
e literature or on experience with 
lults than on wide practical experience 
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` children with neurological disorders. 
ome major subjects like cerebral palsy 
id epilepsy (other than the specific 
spects already mentioned) are dealt with 
ss fully and adequately than one would 
pect in a textbook of paediatric 
2urology, which should provide 
ewpreciably more than a standard text- 
—Ok of paediatrics. The work of the 
—»evelopmental assessment centre is well 
ewescribed, and there is a somewhat 
leoretical chapter on developmental 
weurology, but there is no full and 
itisfactory account of developmental 
"ssessment and what it contributes to 
aediatric neurological diagnosis. The 
Whapters on degenerative CNS disorders 
re somewhat weak and would not 
wrovide a great deal of practical help in the 
*cognition of the child who has a 
»rogressive disorder and then the diagnosis 
»f which it is. In its first edition, therefore, 
E book has some of the strengths but 
any of the weaknesses of multiple 
uthorship. It does not provide a com- 
»rehensive and cohesive account of 
^aediatric neurology to stand comparison 
ith the best of its American counter- 
"arts. 


ROGER ROBINSON 


Patient and Family Education. Tools, 
lechniques, and Theory. Edited by 
Rose-Marie Duda McCormick and Tamar 
3ilson-Parkevich. (Pp. 372 ; illustrated + 
tables. £9.00 ($19.00) paperback.) 
Wiley: Chichester. 1979, 


This is a book about health education, an 
ordered presentation of attitudes and 
procedures which have developed in the 


Children's Hospital, Columbus, Ohio, and 
the community it serves. Part 1 is con- 
cerned with concept and method; part 2 
with the practical handling of 70 pro- 
cedures and situations from taking the 
temperature (still on the Fahrenheit scale) 
to the management of diabetes and 
cystic fibrosis. The precision of these is 
impressive, but the reasons for including 
G6-PD deficiency and excluding dis- 
turbed behaviour and psychiatric dis- 
orders is not explained. 

Five of the 7 authors are nurses, and the 
programme on which the book is based 
was fashioned in the hospital's department 
of nursing. It is designed for ‘today’s 
health professionals and students’ and for 
‘patients, parents, and staff’. 

Such a book may be useful in the 
present context of paediatrics, paediatric 
nursing, and parent expectations in the 
USA; I have serious reservations about its 
value in Britain. It is ‘hospital centred’ 
when we are seeking to bring the hospital 
into a supporting role to primary care in 
the community. 

It is grounded in traditional physical 
disease when need is moving towards 
handicap, disturbed behaviour, and the 
effect on the child of family dysfunction 
and breakdown. 

Precision is certainly essential for the 
effective management of illness; the detail 
of the instructions in this book suggest 
that patient and family education is not 
simply a desirable factor in the parent- 
professional partnership on which rational 
health care depends, but a necessary means 
of containing the rising costs of medical 
care in the USA, 

We shall always need to improve our 
communication with children and parents, 
but in the UK this is primarily personal 
not verbal. 

This book would persuade us that in 
addition to the responsibility for personal 
explanation inherent in all medical and 
nursing practice we should develop a 
formal educational system, with all its 
inflationary demands for time and money, 
and yet another professional —the parent- 
educator. And all for a process ‘the 
effectiveness of which is unknown’. 

The authors claim that ‘today’s nurses 
are providing more health care education 
than any other group'; it was therefore 
surprising that the role of the nurse as 
family interpreter was not central to their 
educational approach. If this had been the 
case the book could have been addressed 
to a precise audience, and by separating 
the nurse teaching material from direct 
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parent guidance the present ambivalence 
could have been avoided. 

However, the authors would ask to be 
judged by their peers both in nursing and 
health education. Until that is done I 
hope British paediatric nurses will come 
out from hospitals into homes, that they 
will be more ready to accept parents as 
professional partners in the care of 
children, and above all that they will never 
see pamphlets, however well designed, as a 
substitute for personal advice. 


DONALD COURT 


Primary Child Care: Book 2. A guide for 
the community leader, manager, and 
teacher. By Maurice King, Felicity King, 
and Soebagyo Martodipoero. (Pp. 194; 
illustrated + tables. £3.95 Paperback.) 
Oxford Medical Publications: Oxford. 
1979. 


Those concerned with child health in 
developing countries and many others will 
already be familiar with Maurice King's 
book Primary Child Care. That volume 
however was only the first of four parts of 
his microplan to help in the training in 
child health of medical assistants and 
many others. The second part consisted of 
10 sets of 24 slides to be used in conjunction 
with the first book. These sets are 
available from TALC Institute of Child 
Health, 30 Guilford Street, London 
WCI IEH, in various forms, the least 
costly being only £15 (or £9 for those 
ordering for use in developing countries). 

Like other materials from TALC in this 
form, the slides cost less than the price of a 
35 mm film at normal retail price. They 
are sent out post-free with a full script. 

The third part is the book reviewed 
here, which provides managers—such as 
district medical officers, senior nurses, and 
midwives—with a wide variety of instru- 
ments for measuring some variables that 
determine the quality of primary child care. 

While primarily aimed at developing 
countries the concepts developed in this 
book are likely to be of wider interest. 
Rather more than half of the book is 
devoted to three sets of multiple choice 
questions. For each of the 26 chapters in 
the workers manual there is a pretest, also 
a set of questions for the students to 
practise on and teach themselves, and 
lastly a set for a post-test when the study 
of the chapter has been completed. 
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The fourth part of the microplan and 
the most innovative, is a system by which 
the student can obtain immediate feed- 
back on his replies to the multiple choice 
questions. A kit is supplied containing a 
stencil from which duplicated sheets can 
be run off with the letters A B C D E for 
each of the 32 questions. Also, a perforated 
plastic sheet is supplied which can be laid 
over the duplicated sheet and phenol- 
phthalein spirit applied so that the 
appropriate letter is soaked. 

The student is provided with some alkali, 
such as washing soda, in a coloured fluid, 
such as coffee, and with a small applicator 
he applies this to the letter which he 
considers is the correct answer for the 
multiple choice question. If he is correct he 
receives an immediate reward in the form 
of a bright colour from the inapparent 
phenolphthalein absorbed on the letter. 
The perforated sheets are arranged in such 
a way that there are 8 different combina- 
tions of results, so that the student cannot 
memorise on which letter the phenol- 
phthalein is likely to be absorbed. 

Initial experience in Indonesia suggests 
that this system is a strong motivation for 
students to learn. This kit will shortly be 
available from TALC. 


DAVID C MORLEY 


Technological Developments and Trends in 
Pediatric Radiology. Progress in Pediatric 
Radiology, volume 7. Edited by H J 
Kaufmann. (Pp. 290; illustrated + tables. 
$99.50 hardback.) Karger: Basel. 1979. 


The editor of this distinguished series 
writes in his foreword that ‘this is the first 
volume not devoted to a region or an 
organ system of the child’s anatomy. An 
attempt is made to bring together informa- 
tion on technical advances as they affect 
the practice of pediatric radiology.’ 

The first quarter of the book is taken up 
by a single chapter from Paris on 'CT-scan 
contribution to the diagnosis of intra- 
cranial tumors and mass lesions in 
infancy and childhood'. This is a careful 
catalogue, rehearsing each tumour in 
turn, drawn from the considerable 
experience of this school. Like many 
catalogues, it is probably of interest to the 
expert, but short on insights for the 
general reader. On the last page (95!) there 
are paragraphs headed ‘Discussion’ and 


‘Final conclusions’ which provide 
interesting summaries—for example no 
false-negative findings for hemisphere 
lesions, 3500 CAT examinations with 
masses found in 10%, but then still 
leading on to conventional neuro- 
radiological examinations in one half. And 
88 references—clearly a feast for the 
neuroradiologist concerned with children's 
intracranial tumours. 

The following four chapters are about 
whole body CAT, abdominal ultrasound, 
cardiac ultrasound, and hilar tomography 
in oblique projections. Each chapter in 
this book is for a different specialist, and 
for this reason Drs Dixon and Flower will 
review the first and the last in this list. 

The final section is a regular feature of 
the series: the ‘special treatment article’. 
This happens to be ‘Therapeutic catheter 
procedures’ here, but I do not think a 
therapy topic is intended under the regular 
heading. Its odd name is in the Clockwork 
Orange tradition ‘and now we give you the 
special treatment, Sir—ugh’. There is a 
position paper, followed by critical 
comments from other authors. Catheter 
embolisation techniques are currently in 
the forefront of attention, and indeed they 
can be life-saving. The position paper and 
some of the commentators remind us that 
the paediatric field is small: the Boston 
Children’s Hospital does about one 
embolisation procedure a month, and 
about 10 times as many diagnostic 
angiograms. This is the liveliest part of the 
book. 

I am not sure how much there is here 
for the paediatrician, as opposed to the 
neuroradiologist, as opposed to the 
paediatric radiologist. The book is a 
careful digest of what is now possible, 
working through the various imaging 
techniques. Many doctors will also want 
to know about usage, and here the brief of 
the book ends. It puts the right sentiments 
in this direction. Thus in the section on 
abdominal ultrasound ‘As a multiplicity of 
imaging modalities develops, there is an 
increasing need for an integrated approach 
to a diagnostic imaging problem, so that 
the complementary nature of the informa- 
tion obtained from each modality can be 
appreciated. This requires a critical 
understanding of the strengths and 
limitations of each method. Continuing 
work is necessary on objective assessment 
of the reliability of different methods in 
particular circumstances and applications.’ 

That is clearly on the side of the angels 
in intent, and perhaps the next volume in 
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the series will battle with what is best dor 
for any particular patient and clinic 
problem. 

THOMAS SHERWOO# 


The chapter on ‘Extracranial con 
puterised tomography’ contains usef 
information about patient preparation am 
radiation dose. In these early days < 
scanning the examples and relate 
discussion are, inevitably, anecdotal. TI 
ease with which CAT demonstrates lur 
metastases in the costophrenic recesses 
shown. A myasthenic patient is shown t 
have no thymoma but interpretatio 
within and around the soft tissue densit 
of the involuting thymus may not be s 
simple. In the abdomen the lack c 
perivisceral fat in children is mentionec 
together with the consequent loss of CA’ 
organ delineation. This lack of fat allow 
good ultrasound examinations, and 
question the role of CAT in jaundic 
advocated here. Organ delineation migh 
improve with carefully administered ore 
contrast medium which, although nc 
discussed and apparently not routinel 
used, is evident on some demonstrate 
scans. The chapter is a helpful résumé fo 
the general radiologist/paediatrician bu 
does not greatly assist the CAT man in hi 
struggle for accurate diagnosis and rationa 
machine allocation. 

A K DIXO! 


Oblique hilar tomography is of prove 
value in adults, but not often performed i 
children. Is it useful here? These author 
say yes and provide a plausible grou 
where the thymus ‘causes difficulties'- 
they have ‘encountered several situations 
but alas there are no illustrations. 

suspect the thymus is best demonstrate 
by good, simple x-rays. What othe 
‘situations’? Lymphoma and inflam 
matory conditions: there is a goo 
illustration of the value of the technique i 
assessing mediastinal node enlargement i 
Hodgkin's disease. The inflammator 
group is poorly illustrated, and hardl 
makes a good case. Is it of much practic: 
help to show big nodes in measles an 
cystic fibrosis? A final plea is that tk 
authors should use standard anatomic: 
nomenclature when describing  t¥ 
bronchi: what is ‘the upper bronchus’ ? 
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Annotation 


Toddler's diarrhoea 


A syndrome variously known as toddler's diarrhoea, 
chronic nonspecific diarrhoea, or the irritable colon 
syndrome of infancy is now recognised to be the most 
common cause of chronic diarrhoea without failure 
to thrive in early childhood.’ 

This syndrome generally has its onset between ages 
6 and 24 months. It is a self-limiting disorder, 
usually ceasing spontaneously between ages 2 and 4 
years, but occasionally it may persist beyond age 
4.3 Often the child presenting with diarrhoea has 
previously been constipated and sometimes has had 
infantile colic. The stool pattern is typically a large 
stool early in the day, formed or partly formed, 
followed by the passage of small loose stools 
containing undigested vegetable material and mucus, 
but this is not always the pattern and sometimes 
each stool is loose. This passage of recognisable 
undigested food in the stools is characteristic; indeed 
one popular name stemming from this observation is 
'the peas and carrots syndrome'. A severe napkin 
rash may accompany this diarrhoea. Despite the 
presence of chronic diarrhoea, the child grows and 
develops normally. Although the child is otherwise 
healthy, many mothers become unduly preoccupied 
with each and every stool that the child passes. This 
may result in considerable maternal anxiety, family 
disharmony, and even marital discord. 


Aetiology 


The nature of this common and self-limiting 
syndrome is not clear. There has been recent interest 
in it and a number of interesting observations have 
shed some light on its pathogenesis. The diarrhoea is 
not associated with malabsorption but is related to a 
decreased mouth-to-anus transit time in an otherwise 
healthy child.4 

Although the small intestinal mucosa in these 
children is morphologically normal, Tripp et al. 
found evidence of a significant increase in specific 
enzyme activity for adenyl cyclase, and also for 
Na*K* -ATPase in small intestinal biopsies taken 
from children with this syndrome. They sug- 
gested that this increase was a response of normal 
villous cells to crypt cell secretion. This could be 
mediated via prostaglandins since high plasma 


prostaglandin Fa levels have been found in some 
such children.® Cohen et al.? also reported that many 
of these children have had gastroenteritis or an 
acute illness immediately preceding or precipitating 
the onset of chronic diarrhoea. This observation 
accords with that of Tripp et al? who found 
enzymic changes similar to those observed in 
toddler's diarrhoea in the small intestinal mucosa of 
children in the recovery phase from the postenteritis 
syndrome. Cohen et al.? found that some children 
presenting with this syndrome have a low intake of 
dietary fat. They claimed that an increased fat intake 
in such children might lead to a complete resolution 
of their symptoms. They suggested that the 
mechanism whereby fat consumption alters diarrhoea 
was mediated via an effect on motility. 

It is important to differentiate toddler's diarrhoea 
from cows' milk-sensitive enteropathy, where the 
small mucosa is characteristically abnormal, and 
also from multiple food allergy. Small intestinal 
biopsy can be helpful but it may not discriminate 
toddler's diarrhoea from children with multiple food 
allergy; in this latter group serum IgE is typically 
raised, specific radioallergosorbent (RAST) tests 
are positive, and there is often eosinophilia.® 
These abnormalities are not a feature of children 
with toddler's diarrhoea. 

Toddler's diarrhoea should only be considered as 
the diagnosis when the child is otherwise thriving and 
in good general health. In other children chronic 
diarrhoea may be part of a spectrum of familial 
functional bowel disorders with continuing gastro- 
intestinal complaints which may present later.? 


Management 


Treatment at the moment ranges from reassurance 
and explanation on the one hand to prescription of 
drugs on the other. 

Hamdi and Dodge’ showed that loperamide gave 
symptomatic benefit to some children with this 
syndrome. It was as effective in those with raised 
prostaglandin levels as those without. The wide- 
spread use of antidiarrhoeal drugs in paediatrics is to 
be deplored, but occasionally a child with a severe 
form of this syndrome benefits from a course of 
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loperamide. In fact it may be his mother who 
benefits the most! Such therapy should be given for a 
limited period only. Elimination diets of any kind 
are not indicated and their use in this syndrome is to 
be discouraged.® As fruit and vegetables are recog- 
nisable in stools these are sometimes excluded, but 
such a restriction is of no value. Indeed Cohen et al.* 
recommended increasing dietary fat intake to 4 kg of 
body weight/day when this was low. Since it is 
probable that such a low intake of fat is the result of 
previous professional dietary advice that the family 
has been given, it is fascinating to speculate that this 
syndrome may possibly be iatrogenic in some 
children. 

Did these children have the postenteritis syndrome 
for which a milk-free, low fat diet had been 
prescribed, which in turn has perpetuated their 
chronic diarrhoea? It is obvious that more research 
is required to unravel the pathogenesis of this 
syndrome. 
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Shwachman’s syndrome 


A review of 21 cases 


P J AGGETT, N P C CAVANAGH, D J MATTHEW, J R PINCOTT, J SUTCLIFFE, 
AND J T HARRIES 


The Hospital for Sick Children and Institute of Child Health, London 


SUMMARY 2] patients (10 male, 11 female) aged between 11 months and 29 years with Shwachman's 
syndrome are reviewed. All patients had exocrine pancreatic insufficiency. Haematological features 
included neutropenia in 19 (95%), anaemia in 10 (50%), and thrombocytopenia in 14 (70%); one 
patient developed erythroleukaemia. Severe infections occurred in 17 (85%) from which 3 (15%) 
died. Only one child exceeded the 3rd centile for height, and growth retardation was particularly 
evident in the older patients. All had skeletal abnormalities or delayed skeletal maturation, or both. 
Metaphyseal dyschondroplasia affected 13 of the older patients and was associated with skeletal 
deformities. Eight of 9 children under 21 years had rib abnormalities. Respiratory function tests in 
children under 2 years demonstrated reduced thoracic gas volume and chest wall compliance. 
Older patients had reduced forced expiratory volume and forced vital capacity. 

Neurological assessment showed developmental retardation or reduced IQ assessments, or both, in 
85% of patients studied. Other neurological abnormalities included hypotonia, deafness, and 
retinitis pigmentosa. 

Neonatal problems had been present in 16 (80%) of the patients and 5 were of low birthweights. 
Hepatomegaly with biochemical evidence of liver involvement occurred in the younger patients and 
resolved with age. Other associated features included dental abnormalities, renal dysfunction, an 
icthyotic maculopapular rash in 13 (65%), delayed puberty, diabetes mellitus, and various dysmorphic 
features. These findings stress the diverse manifestations of the syndrome and extend knowledge on 
a number of aspects. Sibship segregation ratios support an autosomal mode of inheritance and an 
hypothesis for the pathophysiological basis of this syndrome is advanced. 


Shwachman's syndrome is a rare multiorgan disease 
of unknown cause. The features which patients 
exhibit include exocrine pancreatic insufficiency 
(EPI), growth retardation, metaphyseal dyschondro- 
plasia, bone marrow hypoplasia, neutropenia, 
anaemia, thrombocytopenia, and a raised level of 
haemoglobin F.' In this paper, we studied 21 
patients with this syndrome which represents the 
largest series so far reported. The extent and 
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frequency of the various features which comprise the 
syndrome have been carefully documented, and 
detailed studies of the affected systems have been 
performed. 


Subjects and methods 


Subjects (Table 1). There were 10 male and 11 female 
patients among whom were 3 pairs of siblings 
(Cases 3 and 4, 7 and 20, 17 and 18). An affected 
older sister of Case 9 had attended another hospital 
and, although some of her features are described, 
she has been excluded from the overall analysis. The 
mean age of the male patients at the time of evalua- 
tion was 12 years (range 1 year 5 months to 28 years 
11 months) while that for the girls was 5 years 
7 months (range 11 months to 16 years 4 months. All 
except 3 patients (Cases 11, 12,and 15) were receiving 
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pancreatic and fat-soluble vitamin supplements at 
the time of study. Cases 1, 3, 4, 8, 9, and 14 wereon a 
low-fat or a medium-chain triglyceride diet, or both. 
Case 14 had diabetes mellitus and had received 
chlorpropamide for the last 10 years. Two patients 
(Cases 10 and 19) had received prednisone for the 
management of neutropenia and Case 16 received a 
short course of oxymetholone when aged 2 years for 
aplastic anaemia. 


Methods 


The patients’ clinical histories were analysed using 
contemporary records, and those patients available 
for follow-up were studied during optimum health 
and while free of infection. Each had a full clinical 
examination, height and weight centiles were 
determined using the standards for British children 
established by Tanner e: a/.? 13 children received full 
neurological examinations from one of us (N C) and 
had electroencephalogram (EEG) recordings with 
visually-evoked responses and electroretinography 
(ERG). Seven of these children also had forma! 
psychological assessments. 

Venous blood was taken for full blood count, 
haemoglobin electrophoresis, plasma aspartate and 
alanine transaminase activities (AST and ALT), total 
bilirubin, total «-amylase activity, amino-acid 
chromatography and, in 10 patients, leucocyte 
karyotyping. Urine was analysed for sugars and 
amino-acids and sweat tests were performed by 
pilocarpine iontophoresis. 

Radiological assessment included review of 
previous x-rays, and skeletal surveys and bone age 
estimation of patients when attending for review. 
Skeletal maturation was assessed using the Greulich- 
Pyle? and TW2 atlases. 

Respiratory function tests were performed in 9 
older children using routine methods? and the 
results were expressed as a percentage of that pre- 
dicted normal for height.4~* In 4 children under the 
age of one year, thoracic gas volume (TGV) and 
pulmonary resistance were measured using a whole- 
body plethysmograph. Measurements of compliance? 
were performed in 2 patients. 


Results 


Clinical features (Table 1). The mean birthweight was 
2:82 kg (range 1:76 to 4-08 kg) and 5 patients 
weighed less than 2-5 kg. All were born at term 
except Cases 11 and 15 (each 36 weeks' gestation by 
dates), Case 10 was a breech delivery, and Case 13 
was delivered by caesarean section because of 
cephalopelvic disproportion. During the neonatal 
period 13 patients failed to thrive, 7 had diarrhoea, 
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10 had feeding difficulties which necessitated tube 
feeding in 4, and 4 were markedly hypotonic; only 
5 had no neonatal abnormalities. Two patients 
(Cases 7 and 15) developed pneumonia and 
septicaemia during the neonatal period. 

Of the 8 patients who did not have symptoms of 
malabsorption in early infancy, 7 developed 
symptoms by age 4 months; the exception (Case 13) 
presented with muscle wasting, ankle oedema, and 
growth retardation at 18 months. 

Fig. 1 shows the height of the patients plotted on a 
centile chart. Growth retardation was particularly 
evident in the older patients; only one (Case 16) 
exceeded the 3rd centile. Case 14, who had received 
pancreatic supplements since diagnosis at 2 months, 
was of a comparable height to Cases 12 and 15 who 
had stopped supplements at 9 and 13 years 
respectively; similarly discontinuation of supple- 
ments in Case 11 had no effect on growth velocity. In 
each patient, height, weight, and occipitofrontal head 
circumference centiles were in general the same; in 
one instance (Case 20) weight was lower than height, 
and in 3 patients (Cases 13, 16, and 18) weight 
stabilised on a higher centile than height after 
treatment. 

Puberty was delayed in the 6 oldest patients; 
Cases 4 and 11 were prepubertal, Case 14 had genital 
and pubic hair ratings of 3 and 2 respectively, and 
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Fig. 1 Height of patients on a common centile chart. 


Adjacent numbers indicate case numbers used in this 
report. 
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Case 6 had breast and pubic hair ratings of 3 and 2 
respectively, and has subsequently achieved 
menarche aged 16 years 11 months. Cases 12 and 15 
did not develop pubic hair until aged 16 years; both 
are married and Case 12 has attended an infertility 
clinic, and the wife of Case 15 conceived each of her 
2 children after 3 years’ planned sexual intercourse. 

An icthyotic maculopapular rash (Fig. 2) affecting 
the entire body with the face, scalp, and trunk being 
most severely affected was present in 13 cases, and 
only one patient (Case 15) had a history of atopy. 

All but 4 patients experienced infections which 
required hospital treatment. 12 had recurrent 
respiratory tract infections including broncho- 
pneumonia; osteomyelitis and septicaemia occurred 
in two, 8 had recurrent otitis media, many were 
troubled by recurring skin infection, and 3 developed 
abscesses necessitating hospital admission. The 
frequency of pulmonary infections declined with age 
but this was not so for otitis media. Three patients 
died of infection; Case 20 when aged 20 months had 
an overwhelming infection with an unidentified 
pathogen; Case 21 died aged 18 months of a broncho- 
pneumonia after laparotomy, and Case 19 had 
haemorrhagic complications of leukaemia and 


bronchopneumonia aged 81 years. The older affected 
sibling of Case 9 died of haemorrhagic measles when 
4 years old. 

Dysmorphic features included cutaneous syn- 
dactyly in Case 10 (3rd and 4th fingers of the 
right hand, and the 2nd and 3rd toes of the left foot) 
and Case 19 (2nd and 3rd toes of the right foot), a 
short soft palate with a submucous cleft and bifid 
uvula in Case 8, hypertelorism in Cases 1, 6, and 18, 
and pes cavus in Case 6. 

10 patients had dental abnormalities; 8 had 
extensive caries (Cases 1, 2, 4, 5, 13, 14, 15, and 19), 3 
(Cases 1, 15, and 19) had dysplastic teeth, and Case 
11 had delayed loss of primary dentition and eruption 
of permanent teeth. 


Pancreatic function and structure (Table 2). All 
patients had a normal sweat sodium concentration 
on at least two occasions and EPI (Table 2). In most 
cases EPI was diagnosed within 4 months of pre- 
sentation but in one case, 2 years elapsed before EPI 
was established. Siblings of known cases were 
diagnosed rapidly. The three patients who stopped 
pancreatic supplements reported no increased 
frequency or altered consistency of their stools. 





Fig. 2 (Case 1). Typical icthvotic maculopapular skin rash. 


Table 2 Pancreatic function tests 
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Case Method* Enzyme activity Plasma Hepatomegaly Plasma ALTt 
—————————————— amylaset (U/L) 
Amylase Lipase Trypsin (U/l) 

ae EE 
I A Low Low Low 20 a. 25—^N 
2 A Low Low Low Tt — 323—547 
3 B Low Low Low 90 + 79—^N 
4 B Low Low Low 74 — 206—N 
5 A Low Low Absent 38 -+ 153— 34 
6 B Low Absent Absent 38 -+ N 
7 B Low Absent Absent NT + 38 
8 G Low Low Absent 119 — 24 

9 A Low Absent Absent 155 -> 22>N 

10 C Absent Absent Absent 70 — 103 — 34 

l1 B Low Low Low 105 — 65—^N 

12 C Low Low Absent 120 + N 

13 A Low Very low Very low 84 — 24 37 
14 B Very low Very low Very low 97 + N 

15 C Low Low Absent 76 — N 

16 B Low Low Low NT 4 NT 

17 B Absent Low Very low NT T NT 

18 B Low — Absent NT — 24 

19 B Low Low Low NT — 60 

20 C Low Low Low NT 4 33 

21 C Low Low Low 60 c 18 


LL 
*(A) test meal (McCollum et al.),93 (B) pancreazymin secretin stimulation (Hadorn),®4 (C) fasting duodenal juice. 


NT = not tested. 


tNormal plasma amylase range 100—405 IU/l (Aggett and Taylor),? {normal plasma ALT range 2-12 IU/l. 


+ Present, — absent, — progressed to, N normal. 


Total plasma «-amylase activity was determined in 
15 patients over one year of age; 11 values were 
below the normal range (Table 2).? The activities 
determined in patients over age 2 were significantly 
lower (P —0-01) than age-matched controls (Fig. 3). 

The pancreata of the 3 patients who died and 
one (Case 19) who had a biopsy during life showed 
extensive fatty infiltration of a normal-sized gland, 
and the ductular architecture under light micro- 
scopical examination was essentially normal. The 
majority of acinar cells were replaced by fat, inter- 
stitial connective tissue was increased, a few ductules 
were dilated, and the islets of Langerhan appeared 
normal. 


Haematological investigations (Table 3). 10 patients 
had total haemoglobin levels of less than 10 g/dl at 
some time; in 2, this has been persistent, while in the 
remainder it was intermittent and has since resolved; 
3 patients (Cases 6, 10, and 16) required blood 
transfusions. Haemoglobin F (HbF) was measured 
in nine, 5 of whom also had HbA, assessed; HbF 
was moderately raised in 2 and markedly increased in 
Cases 19 (14%) and 5 (30%); there was a normal 
reciprocal relationship between HbF and HbA,. 
Neutropenia (<1-5 x 10?/I) was present in all but 
2 patients (Cases 11 and 13) and since we could not 
investigate these 2 in a manner suggested by Burke 
et al," an intermittent neutropenia cannot be 
excluded. The neutropenia was intermittent in all the 
other patients except for Case 7 on whom we only 
have one observation. À neutrophil response was 


observed in several cases; for example, Case 20 
developed an increase from 0:46 x 10?/1 to 5:7 x 
10?/1 within 6 hours of developing an infection. 

Platelet counts were performed in 20 patients and 
varied independently of the neutrophil count. An 
intermittent thrombocytopenia (<100 x 10?/I) was 
found in 11 patients, a single observation in 2 
(Cases 7 and 15) and all three counts in Case 5 
demonstrated a thrombocytopenia; counts less than 
60 x 10?/| were observed in 9 patients, 3 of whom 
(Cases 5, 6, and 7) developed purpura. 

The 6 patients who had bone marrow aspirations 
had varying degrees of hypoplasia; Cases 10 and 16 
had pancytopenia; absent myeloid precursor or 
maturation arrest was noted in Cases 14, 17, and 19, 
and in addition, the marrow of one patient (Case 14) 
contained a considerable amount of fat. An aspirate 
from Case 9 during an episode of neutropenia was 
normal as was that of Case 21 at necropsy. Case 20 
had a hypocellular marrow at necropsy, while the 
marrow of Case 19 demonstrated an erythroid 
hyperplasia and the development of an erythro- 
leukaemia. At his necropsy extramedullary haemato- 
poiesis was present in the liver, spleen, and lymph 
nodes. Cases 19 and 20 had disseminated 
haemorrhages in the lungs, intestine, and adrenals at 
necropsy. 


Skeletal abnormalities and maturation (Table 4). All 
the patients had skeletal abnormalities or delayed 
skeletal maturation, or both. 

13 patients had metaphyseal dyschondroplasia and 
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Fig. 3 Total plasma amylase activities (IU |I) in 13 
patients over 2 years of age compared with 26 
age-matched controls measured simultaneously. 


in most of them this lesion was first found in the 
femoral head. Only one patient (Case 9) with 
metaphyseal dyschondroplasia at other sites had a 
radiologically normal femoral head. Other sites 
affected were the knees, humeral heads, wrist, ankles, 
and vertebrae. The earliest age at which metaphyseal 
lesions were detected was one year (Case 6), and 
serial radiology demonstrated progression of the 
lesions in all cases. Displacement of the femoral head 
produced coxa vara deformities in Cases 6, 11, 12, 
and 15; 2 patients (Cases 6 and 12) developed 
pathological fractures of the femoral neck, and the 
former patient developed a pseudarthrosis. 
Abnormally short ribs with flared anterior ends 
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(Fig. 4) were present in 9 patients and had been 
present in 2 others (Cases 9 and 11). Of 9 patients 
who had chest x-rays performed before age 21 years, 
8 had this abnormality. It was less common in the 
older patients, but a pronounced abnormality 
persisted in Cases 6 and 15. As a result of this 
abnormality 7 had clinically visible narrow thoracic 
cages (Fig. 4). 

Long bone tubulation was present in 7 patients 
with consequent bowing deformities of the femora 
(Cases 1, 4, 5, 7, and 15), tibiae and fibulae (Cases 4, 
6, 13, and 15), and ulnars (Case 13). Case 15 still had 
genu varus despite bilateral tibial osteotomies; he 
also had cubitus valgus. 

Transverse lines of increased bone density 
occurred in the shafts of the long bones in 9 patients. 
Spinal abnormalities were present in Case 5 who had 
dorsolumbar scoliosis and Case 15 who had 
developed a kyphosis as a result of wedged T 12 and 
LI vertebral bodies. 

Clinodactyly caused by a short hypoplastic 5th 
middle phalanx was evident in 10 patients, and serial 
x-rays demonstrated resolution of this abnormality 
in an eleventh (Case 12) (Fig. 5). 

Insome patients bone mineralisation was impaired, 
but serum calcium, phosphate, and alkaline 
phosphatase levels were normal in all the patients. 

Suitable x-rays of the hand and wrist in Cases 17, 
18, and 21 were not available for the use of the 





Fig. 4 (a) (Case 5). Narrow thoracic cage. 
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Fig. 4(b) (Case 5). Chest x-ray 
showing short ribs with flared anterior 
ends with cupping. 





Fig. 5 (Case 12). X-ravs of left hand 
(a) aged 74 vears and (b) aged 27 years, 
showing resolution of dysplasia of the 
5th middle phalanx and retarded bone 
age with disparity between phalangeal 
and carpal maturation. 





Greulich-Pyle or TW2 standards. Assessment of bone 
age using the Greulich-Pyle standards indicated 
retardation in all 18 patients evaluated. Applying 
these standards was difficult however, because of the 
delayed appearance of the carpal, and distal radial, 
and ulnar epiphyses. Similarly, TW2—20 bone 
scores gave only two estimates equal to or above the 
15th centile. 11 of the 14 patients over age 2 years 
had values on the TW2 carpal score below the 3rd 
centile, but the TW2 radius, ulnar, and short bone 
score for these children was below the 3rd centile in 
only one patient (Case 14), and 11 exceeded the 10th 
centile. 

The appearance of other epiphyses was also 
delayed in some patients. The distal femoral and 
proximal tibial epiphyses were delayed in Cases 1, 
5. and 21 and the proximal femoral and humeral 
epiphyses were retarded in Cases 1, 5, 10, and 17. Case 
16 was the only one to exceed the 50th centile in any 
estimation. 


Respiratory function tests (Table 5). The TGV was 
lower than that predicted normal in 3 of the 4 
patients studied under age 2 years. In Case 5, it was 
100% of that predicted normal in spite of his rib 
abnormalities and narrow thoracic cage (Fig. 4). 
There was no consistent abnormality in pulmonary 
resistance. À pronounced reduction in chest wall 
compliance was demonstrated in the 2 cases studied 
but specific lung compliance was normal. The older 
patients had normal lung volumes but as a group 
forced expiratory volume (FEV,...) and forced 
vital capacity (FVC) was reduced. This was 
particularly pronounced in patients (Cases 3 and 6) 
who had radiologically abnormal ribs. Case 15 had 
a reduced FEV,... and a normal FVC which was 
consistent with his history of asthma and cigarette 
smoking. 


Hepatic function and structure (Table 2). 13 patients 
had hepatomegaly during the first 5 years of life but, 
with the exception of Cases 6 and 19, liver size was 
normal at the time of evaluation. Plasma bilirubin 
was normal in all cases, and plasma AST and ALT 
were raised in 10 of the 19 patients studied; of the 
remainder, 5 had had raised levels in the past. 
Transaminase levels were highest in the youngest 
patients and serial observations demonstrated a 
progressive fall towards the normal range with age. 
Plasma amino-acid chromatography was normal in 
all patients studied. 

Hepatic histology was abnormal in the 6 patients 
examined. There were severe panlobular fatty 
changes with nonspecific mixed inflammatory 
infiltration and varying degrees of periportal fibrosis. 


Shwachman’s syndrome 339 


Table 5a Pulmonary function tests: patients of 2 
years and over 


Case PEFR FEV .75 FVC FRC TGV TLC 
eS 
3 71 60 55 102 105 98 
4 95 79 71:7 91 79 90 
6 41 43 43 94 103 81 
9 128 81 67 -—— — = 
11 78 66 78 114 154 114 
12 83 80 89 — 124 101 
14 97 96 89 -- 144 113 
15 77 69 97 127 125 
16 103 78 83 94 — — 
Mean 86 12 75 99 119 103 


Results expressed as percentage of that normal for height. 


Table 5b Pulmonary function tests: patients under 
2 years 





Case TGV Pulmonary Specific Chest wall 
resistance compliance compliance 

l 72 77 175 41 

2 79 124 127 17 

5 100 85 — — 

7 87 90 — — 


Results expressed as percentage of mean normal for weight. 


The degree of fatty infiltration at necropsy in Case 19 
was less pronounced than that in the biopsy taken 6 
years previously. 


Renal function. Urine analysis showed an intermittent 
and variable glycosuria (>20 mg/100 ml) in 10 
(50%) of 20 patients studied. Galactosuria was found 
in 2 patients (Cases 9 and 16), while others had 
fructosuria (Cases 3 and 21), lactosuria (1), or 
glucosuria (Cases 2, 3, 5, 6, 9, 14, 18, and 21). Case 14 
also had a mixed aminoaciduria. Further evidence of 
renal tubular dysfunction occurred in the older 
sibling of Case 9 who had renal tubular acidosis and 
a mixed aminoaciduria. Focal nephrocalcinosis was 
present in Case 19 at necropsy. 


Neurological assessment. Details of developmental 
milestones were obtained in 16 patients, and in only 
2 (Cases 3 and 18) were these normal. 11 children 
(Cases 1, 2, 4, 5, 9, 10, 13, 14, 17, 20, and 21) were 
delayed both in motor and speech development (for 
example, not sitting by 9 months, or not walking by 
18 months, and not saying single words by 18 
months), and a further 3 were retarded in one of 
these spheres (Cases 6, 8, and 11). 

Formal IQ assessments in 7 patients showed a low 
score of 76-85 in 6 (Cases 3, 4, 8, 9, 11, and 14) and 
Case 6 demonstrated a score on repeated testing 
which fell from 76 to 48 during an 8-year period. 
Verbal and nonverbal achievements were equally 
affected in all instances. Of the patients who were not 
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formally assessed, Case 12 had achieved a good 
standard of secondary education and works as a 
computer data processor; Case 15 attended schools 
for the physically-handicapped and had trained to 
assemble electronic circuit boards, but now works as 
a pop band drummer, and Case 14 works as a hotel 
page boy. Cases 12 and 15 have their own house- 
holds but Case 14 is still dependent on his parents. 

Corrected visual acuity was normal in all but 
Case 6, who had optic atrophy and retinitis pig- 
mentosa; Cases 5 and 20 had reduced retinal and 
choroidal pigment. The ERG was normal in 11 
patients but Case 5 had a generalised reduction in 
amplitude consistent with her retinitis pigmentosa. 

Bilateral conductive deafness was demonstrated 
by audiometry in 3 patients (Cases 6, 9, and 10), 
and Case 11 had a sensorineural loss of hearing. 

Further neurological examination was normal in 
all but 3 patients; Case 16 in addition to her pro- 
gressively deteriorating IQ, retinitis pigmentosa, and 
hearing loss was ataxic and had a history of persisting 
hypotonia in early childhood as did Case 20; Case 5 
remained hypotonic and also developed truncal 
ataxia; Case 11 who was born at 36 weeks' gestation 
had a slight ataxic diplegia. 

Case 15 experienced bilateral parasthesiae in the 
L5, S1 root distribution after prolonged standing, but 
neurological examination was normal. 

13 patients had EEGs performed, and resting 
records showed no local abnormalities or paroxysmal 
features. During photic stimulation 6 patients 
(Cases 3, 4, 5,9, 11, and 15) showed some symmetrical 
bursts posteriorly containing discharges, and in one 
patient, sharp components appeared. Four other 
patients had conspicuous lambda waves. Rhythmic 
activity in the Rolandic area was in keeping with age, 
and the « rhythm was well formed and regular in 
most of them. 


Endocrine studies. Glucose tolerance tests were 
performed in 5 patients (Cases 2,9, 14, 19, and 21) and 
were normal except for Case 14, who had a response 
typical of diabetes mellitus and an impaired insulin 
response which was improved by tolbutamide. 
Growth hormone response to Bovril stimulation was 
normal in the 3 patients (Cases 3, 11, and 13) studied. 
Tests of thyroid function in 3 patients (Cases 2, 5, 
and 16) were normal. 


Genetics. There was no consanguinity in the 18 
families from which our patients are derived. In 2 
of the 4 pairs of affected siblings, the second child 
was discovered as a consequence of diagnosing the 
first. In the other two pairs, this was not certain and all 
4 patients could be regarded as index cases. Segrega- 
tion ratios were calculated therefore with either 18 or 


20 index cases. These gave values of 3:5 : 1 and 
3: 1 respectively; both of which are consistent 
with an autosomal recessive mode of inheritance. 
The 3 half-siblings in the families studied were 
normal. 

The leucocyte karyotypes contained no con- 
sistent abnormality. Case 1 had a single abnormal 
cell with a 47XY + G min karyotype among 24 
normalcells. Case 3 had a 46XY 1qh + abnormality (a 
large heterochromatic band next to the centromere 
on chromosome 1) which was not present in her 
sibling (Case 4) who had a normal karyotype as did 
all the other patients studied. 


Discussion 


Our results in this large series of patients with 
Shwachman's syndrome stress the protean manifesta- 
tions of the condition and extend the knowledge on a 
number of aspects. 


Infections. The series again confirms earlier observa- 
tions of the susceptibility to respiratory, cutaneous, 
and systemic infections in this syndrome.! !? 
Shmerling et al.! calculated a 25% mortality rate due 
to infection from their review of cases. The abnormal 
thoracic configuration and hypotonia may explain 
the predominance of pneumonia in younger patients. 
Although lower respiratory tract infections are less 
common in older patients, the incidence of sinusitis 
and otitis media suggests a continuing susceptibility 
to infection. 

The nature and frequency of infection does not 
correlate with the degree of neutropenia and neutro- 
philic responses to infection have been demonstrated 
by others!? !? as well as by ourselves. Case reports of 
a variable immunoglobulin deficiency have appeared 
but these are not consistent.!^75 We have recently 
demonstrated that defective neutrophil mobility is 
an almost invariable finding in Shwachman's 
syndrome,!? and may contribute to the susceptibility 
to infections. 


Pancreatic insufficiency. The degree of pancreatic 
insufficiency in these patients was variable and the 
persistence of some residual exocrine function 
possibly accounts for the delayed presentation of 
malabsorption in some cases. !? The pancreatic 
histology described is similar to that noted 
before;! 117? and the arguments in favour of either a 
hypoplastic or degenerative lesion of the pancreas 
have been discussed by Nezelof and Watchi.!? The 
presence of a normal ductular architecture and islet 
structure with some residual exocrine tissue in a 
normal-sized, though lipomatous gland, suggests a 


» 


fatty metamorphosis secondary to a progressive 
degenerative lesion. This was essentially concluded 
by Burke et al.!° who described a 5-month-old 
patient with this syndrome in whom the only 
pancreatic abnormality at necropsy was inspissated 
secretions in the ducts; the exocrine tissue was 
histologically normal. 

The low plasma total amylase may represent the 
extent of EPI. Levitt et a/.!5 have demonstrated a 
2 : 1 ratio of nonpancreatic to pancreatic amylase in 
normal serum and the absence of the pancreatic 
components in the serum of patients with 
Shwachman’s syndrome. We did not study the 
plasma «-amylase isoenzymes and can only speculate 
on whether one or more isoenzymes are affected, and 
whether impaired secretion of nonpancreatic amylase 
such as the salivary components may coexist. It is 
possible that the salivary glands may be affected in 
this syndrome; a child with EPI with both pancreatic 
and parotid lipomatous changes has been described.!9 
The low serum amlyase activity may also represent 
an impaired enteropancreatic circulation. 


Haematological abnormalities. An intermittent 
neutropenia was demonstrated in all 18 patients who 
were adequately studied as proposed by Burke e: al. ,! 
and we did not observe the constant neutropenia 
reported by Shmerling et al. The incidence (60-70 %) 
of thrombocytopenia in this series is comparable 
with that described by Shwachman et a/.!? 

In addition to our own observations, normal bone 
marrow aspirates in neutropenic patients with this 
syndrome have been described by Goldstein” and 
Burke et al.!° This coupled with the neutrophil 
response to infections suggests that, in some patients 
at least, the marrow hypoplasia is ‘patchy’ in 
distribution. We did not perform multiple marrow 
aspirations in our patients and thus are unable to 
confirm whether this is the case. 

Erythroleukaemia has not previously been 
reported in Shwachman’s syndrome, but 2 cases with 
other myeloproliferative leukaemias have been 
described; Nezolof and Watchi!? reported a case with 
monocytic leukaemia, and Huijgens ef al.2° a case 
with myeloblastic leukaemia. Bone marrow hypo- 
plasia has been identified as a possible preleukaemic 
condition, and is often associated with a raised HbF 
which may precede the bone marrow dysfunction.?! 
HbF can be moderately raised in many haemato- 
logical abnormalities but the highest observations 
have been associated with erythroleukaemia and 
juvenile chronic myeloid leukaemia where levels of 
3055 or more may occur but since levels of 10-20% 
may exist with hypoplastic anaemias such as 
Fanconi's,! in which leukaemic transformation is 
not invariable, we cannot ascribe any prognostic 
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significance to the 2 grossly raised HbFs seen in this 
series. 

Lymphoproliferative neoplasia has also been 
described in this condition, and a patient with 
lymphoblastic leukaemia?? has been reported. 
Hantelmann?? described a child with Hodgkin's 
disease who was found to have a lipomatous 
pancreas at necropsy. 


Skeletal abnormalities. Our study is the first to 
review comprehensively the incidence and extent of 
the skeletal abnormalities in this syndrome. Meta- 
physeal dyschondroplasia affecting ribs and knees 
was first described by Burke ef al? and Giedion 
et al.,?* and Stanley and Sutcliffe?” reported the more 
extensive metaphyseal involvement especially of the 
femoral head. Fellman et al.” expanded the range of 
skeletal abnormalities to include abnormal long bone 
tubulation, and genu and cubitus valgus. McLennan 
and Steinbach?’ reported narrowing of the sciatic 
notch and hypoplasia of the 5th middle phalanx 
causing clinodactyly. 

We have shown the high frequency of rib abnor- 
malities which are particularly common in the 
younger patients. Their relative infrequency in the 
older children can be explained by a spontaneous and 
complete resolution such as that observed in 2 of our 
cases and which was occurring in a patient described 
by Brueton ef al! We have also demonstrated 
clinodactyly in half of our patients and the resolution 
of this lesion in one case. 

This report and that of Shmerling et al. indicates 
that the hip is the earliest and most frequently 
affected site for metaphyseal chondrodysplasia, 
though this may not be invariable.?? The sequence of 
metaphyses involved in this disease was unpredictable 
but certainly progressive. The earliest age at which 
we detected metaphyseal lesions was one year, but 
Danks et a[.** found evidence of early femoral and 
humeral involvement at 4 months in one case. The 
pathogenesis of these lesions is obscure. Spycher 
et al.” reported poorly vascularised and disorientated 
columnar cartilage, and Danks e: a/.28 found similar 
features of defective endochondrial ossification. 
These features would seem to be primary to the 
syndrome rather than secondary to malnutrition. 

Long bone tubulation is a nonspecific feature and 
may be associated with syndromes, such as Marfan’s 
syndrome or homocystinuria, or with disuse 
secondary to immobilisation or neuromuscular 
disease.?? This was not the case in our patients and 
the tubulation may reflect abnormal diaphyseal 
development or a defect in membranous ossification. 

The transverse lines on the long bones probably 
represent periods of arrested bone growth secondary 
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to infection and other stress associated with this 
syndrome.?! 

The pathological fractures and skeletal deformities 
requiring surgical correction in 2 of our patients, 
illustrate the degree of disability experienced by these 
patients. Shmerling eż a/.! described a case requiring 
bilateral osteotomies to correct coxa vara deformities, 
and Karjoo et al.?? reported the necessity of a sternal 
splitting operation to alleviate thoracic constriction 
and improve ventilatory function in an infant. This 
did not improve the child's growth rate, however. 


Skeletal maturity and growth. This study illustrates 
the dissociation between the osseous centres of the 
hand and wrist, a feature noted by Shwachman et al.!? 
in the 3 siblings described in their paper. The carpal 
bone age is more retarded than that of the phalanges, 
and its inclusion in a composite bone age assessment, 
such as the 20 bone TW2 estimate, results in a low 
evaluation. The radius, ulnar, and short bone scores 
suggest that there is some delay in skeletal matura- 
tion in some patients especially, though not 
exclusively, the youngest in whom delayed ulnar and 
radial epiphyseal appearance would reduce the 
score. Four of the 5 children under 23 years, in 
whom radius, ulnar, and short bone scores could be 
determined, gave values below the 10th centile. 

Malnutrition and metabolic abnormalities retard 
ossification centres equally and may influence the 
maturity in our younger patients but the discrepancy 
between centres which is apparent in all our patients 
is more characteristic of a primary bone dysplasia. 

The only patient (Case 16) with a skeletal maturity 
above the 50th centile was also the only child to 
exceed the 3rd centile for height. This girl had had 
oxymetholone some years before and, while these 
effects have not been documented with this particular 
anabolic steroid, Shmerling eż a/.* noted that in one 
of their patients anabolic steroids did increase the 
bone age without affecting height. 

Growth retardation was most evident in the older 
children. This has been noted by others, as has its 
independence of the frequency of infections and the 
degree of EPI and malnutrition. !? Shmerling et a/.! 
calculated that the severity of growth retardation 
could not be explained by the degree of metaphyseal 
dyschondroplasia. In this series Case 14, like the 
second of McLennan and Steinbach's two cases,?’ 
shows that dwarfism can occur in the absence of 
radiologically demonstrable metaphyseal lesions. 
McLennan and Steinbach suggested that their 
patient might not have been growing rapidly enough 
for metaphyseal dyschondroplasia to develop. 

Growth retardation is probably therefore a 
primary feature and the low birthweight of some 


patients in this series suggests that intrauterine 
growth retardation may be a contributory factor. 

The delayed onset of puberty in this condition has 
not been previously documented. 


Respiratory function. The reports of Taybi et a/.?? 
Karjoo et al., and Danks et al.?”8 demonstrated that 
rib shortening can be sufficient to cause respiratory 
and feeding problems in the neonatal period. Danks 
et al.28 described a patient with a low tidal volume at 
4 weeks which was normal at 14 weeks. Our results 
show that impaired respiratory function may persist 
for much longer. The reduced chest wall compliance 
in the 2 young patients is consistent with their 
abnormal thoraces. It is more difficult to explain the 
reduced FEV,..; and FVC in the older patients, 
apart from Cases 3 and 6 who still had abnormal ribs, 
but this may represent some continuing musculo- 
skeletal abnormality rather than airways obstruction. 


Hepatic function and structure. Hepatic abnormalities 
have been described in many cases." ?! Brueton 
et al.!9 were the first to show raised transaminases in 
a patient with abnormal liver histology. Our study 
includes a number of similar cases, as well as some 
patients with biochemical evidence of liver involve- 
ment. The tendency for the transaminases to fall 
towards normal limits, and the resolution of hepato- 
megaly was present in both groups of patients and 
may reflect decreased fatty infiltration or a 
progressive fibrosis. The absence of any evidence of 
hepatic dysfunction in the older patients precluded 
investigative biopsies, but the necropsy findings in 
Case 19 suggest that reversal of the fatty infiltration 
may occur. Fatty change in the liver can be secondary 
to malnutrition and infection, both of which are more 
likely in the newly diagnosed young patient. It is 
possible, therefore, that the liver abnormalities may 
represent a secondary rather than a primary feature 
ofthesyndrome though the latter cannot be excluded. 


Renal function. The varied glycosuria and amino- 
aciduria together with the renal tubular acidosis in 
the affected sibling of Case 9 and in a recent case 
report (S Hassell, 1979, personal communication) 
suggests that renal tubular dysfunction may be more 
extensive than previous reports have implied. 
Similarly the nephrocalcinosis discovered at necropsy 
in Case 19 may represent an undetected abnormality 
in urinary acidification. 


Neurological and developmental findings. Shwachman 
et al)? specified that their patients had normal 
motor and mental development. Other reports 
have described developmental retardation either 


alone!! 33 35-36 or associated with hypotonia.” 
Hypotonia has also been noted to occur indepen- 
dently.?? 37—38 

This review, the first systematic neurological 
assessment in this syndrome, establishes that early 
speech and motor delay is common and that this is 
probably due to an inherent below-average 
intelligence. The early overall delay may possibly be 
influenced by intercurrent infections and social 
deprivation during time in hospital, but the persisting 
poor intellectual achievement during optimum 
health and the similar achievement in the absence of a 
history of gestational or perinatal insults, suggest 
that psychomotor retardation is a primary feature of 
the syndrome. Malnutrition during the critical 
period of brain growth could cause such retardation 
but this degree of retardation is not seen in patients 
with cystic fibrosis.?? 

Except in Case 8, who had a short soft palate with 
a submucous cleft palate, there were no structural 
abnormalities or focal neurological signs which could 
account for the delayed speech. The frequency of 
otitis media and the presence of hearing loss in 4 
cases, stress the importance of regular hearing tests 
in these patients. 

Hypotonia was often noted particularly in infancy, 
and probably contributes to the early respiratory and 
feeding problems. It is possible that in most patients 
hypotonia is a secondary feature. The profound 
hvpotonia of patients in the absence of infection 
however, suggests that in some patients the defect 
may be primary to the syndrome. 

Abnormalities of retinal pigmentation have not 
been noted previously in this syndrome. Retinitis 
pigmentosa can be associated with syndromes 
involving neurosensory deafness, defective intelli- 
gence, or skeletal abnormalities;?! no association 
with EPI has been reported. 

Nearly half the patients tested had abnormal 
sensitivity to photic stimulation during EEG 
recording but none gave a history of photic-induced 
fits. The incidence of occipital photosensitivity in 
this group of patients is higher than would be 
expected in the general population?! but its 
significance is unknown. 


Endocrine studies. The impaired insulin response in 
one patient was the only gross endocrine abnormality 
found. Shwachman and Holsclaw?? described one 
patient with a diabetic glucose tolerance test and 
Shmerling et al. discounted their patient with dia- 
betes mellitus because of his strong family history of 
the disease. Our case has no such history, so the 
possibility of an association of diabetes mellitus with 
this syndrome is again raised. The insulin response 
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was improved by tolbutamide in our patient and he 
has been treated successfully with chlorpropamide 
for 10 years since diagnosis. 


Genetics. The karyotype abnormalities cannot 
easily be interpreted. The single abnormal cell 
detected in Case 1 could have arisen during cell 
culture. The other abnormality noted is sometimes 
inherited and may be associated with congenital 
defects, but it is unlikely to be contributory to this 
syndrome since it is absent in this patient's sibling 
and the other cases. 

The segregation ratios derived from  sibship 
analysis support an autosomal recessive mode of 
inheritance which until now has been assumed on the 
basis of a familial incidence of the syndrome.’ This 
mode of inheritance is also supported by our recent 
demonstration of defective neutrophil mobility both 
in the patients with this syndrome and their parents." 


Icthyosis. The icthyotic skin rash frequently observed 
among our patients had some characteristics in 
common with those observed in one case by Nezelof 
and Watchi,!? and those described in the first case of 
Shwachman et al.!3 Shwachman and Holsclaw?? 
described a varying degree of eczema among their 
patients. The presence of xerophthalmia in the case 
described by Nezelof and Watchi!? suggests the 
possibility of hypovitaminosis A. In the present 
series the skin lesion affected patients on fat-soluble 
vitamin supplements and with normal serum vitamin 
A levels, but we cannot exclude the possibility that it 
may be secondary to an undetected nutritional 
deficiency. 


Dental abnormalities. The prevalence of these may 
again represent another manifestation of malnutri- 
tion, but the occurrence of dysplastic teeth in some 
patients suggests the possibility of a primary 
aetiology. Frequent exposure to cariogenic antibiotic 
syrups may also be contributory. 


Other associated features. Features such as the 
submucous cleft palate and the cutaneous syndactyly, 
which was present in 2 unrelated cases, may represent 
a fortuitous association. The hypertelorism noted in 
3 patients has been described in another case. 
Clinodactyly may be associated with Fanconi’s 
anaemia and again with aplastic anaemia in the 
syndrome of EPI, midline ectodermal defects, 
microcephaly, severe mental retardation, neuro- 
sensory deafness, hypotonia, hypothyroidism, dental 
dysplasia,  rectourogenital abnormalities, and 
dwarfism described by Johanson and Blizzard** and 
Schussheim ef al. Some of these features have 


344 Aggett, Cavanagh, Matthew, Pincott, Suttcliffe, and Harries 


accompanied EPI in a case with congenital rubella*® 
and in a patient with Klinefelter’s syndrome.** 
Burke et al.'° and McLennan and Steinbach?” have 
noted some similarities between Shwachman's 
syndrome and the cartilage-hair syndrome.*® Suffi- 
cient dissimilarities usually exist however, to 
distinguish between these syndromes though some 
overlap may exist. 

Incomplete or partial syndromes in which the 
manifestation of bone marrow dysfunction or 
malabsorption is delayed are illustrated in this 
series, by the experience of Burke e: a/.!? who dis- 
covered EPI by specifically investigating neutropenic 
patients, and by the 2 children described by 
Havlíkóva et al. who had EPI, hepatomegaly, 
raised plasma AST and ALT, narrow chests, 
neonatal respiratory distress, and developmental 
retardation but no haematological abnormalities. 
This is not surprising in such a complex condition 
and the patient with neutropenia, metaphyseal 
dyschondroplasia, tibial bowing, dental caries, 
moderate mental retardation, and hypogonadism 
described by Theodorou and Adams?? may represent 
another example of a partial syndrome. 

Burke eż al. described a patient who also had 
Hirschsprung's disease, and an association with 
endocardial fibrosis has been reported.?! Neither of 
these was present in this series. 


Diagnosis, treatment, and prognosis. Diagnosis is 
more difficult in the young infant when many of the 
syndrome's features are indistinguishable from the 
manifestations of immaturity. Some of the presenting 
features such as hypotonia, bronchopneumonia, or 
respiratory distress with thoracic dystrophy may 
mask other symptoms. The high incidence of 
neonatal problems is shown in this paper and the 
diagnosis may not be apparent until the child is older 
and the more classic features of the syndrome are 
present. Shwachman's syndrome should be con- 
sidered in any infant or child presenting with 
an association of any of the features described here 
(Table 6). We have found the presence of rib abnor- 
malities in the child and a neutrophil mobility defect 
in his parents of value in diagnosing one infant with 
growth retardation, diarrhoea, and neutropenia. 
Treatment is symptomatic. Infections usually 
respond to prompt treatment with antibiotics. 
Steroids, such as prednisone and oxymetholone, 
may improve marrow function, !? but these 
and anaesthetic agents may increase the risk of 
infection.!? Transfusion of whole blood and platelets 
has been used when appropriate such as before 
surgery. The spontaneous symptomatic improvement 
of diarrhoea in some patients has enabled with- 
drawal of pancreatic supplements without adverse 


Table 6 Features associated with Shwachman’s 
syndrome 
Exocrine pancreatic insufficiency 
steatorrhoea 
Growth retardation 
Skeletal abnormalities 
metaphyseal dyschondroplasia, delayed maturation, rib 
abnormalities, long bone tubulation, clinodactyly 
Narrow thorax 
Haematological abnormalities 
bone marrow hypoplasia, neutropenia, thrombocytopenia, 
raised HbF, lymphoproliferative and myeloproliferative neoplasia 
Recurrent infections 
Defective neutrophil mobility 
Neonatal problems 
poor feeding, respiratory distress 
Psychomotor retardation 
Hypotonia 
Hepatomegaly 
raised ALT and AST 
Renal tubular dysfunction 
Icthyosis 
Dental abnormalities 
Delayed puberty 
Diabetes mellitus 
Dysmorphic features 
Endocardial fibrosis 
Hirschsprung’s disease 


effects both in some of our patients and those in 
earlier reports.! !? !? Nutritional supplements (for 
example, vitamins) are probably advisable but the 
progress of Cases 12 and 15 in the absence of these 
has been similar to other patients. 

The prognosis for this syndrome is probably better 
than that for cystic fibrosis though it is accompanied 
by considerable morbidity. Shmerling et a/.' reported 
a 25% mortality which compares with one of 15% 
reported here. Infections and a haemorrhagic 
diathesis can prove fatal, and any prognostication 
and follow-up should consider these, and the risk of 
myeloproliferative and lymphoproliferative neo- 
plasia. 


An hypothesis for the primary abnormality in 
Shwachman's syndrome 

The primary abnormality in Shwachman's syndrome 
has not been defined, and we conclude by presenting 
an hypothesis to explain the protean manifestations 
of this syndrome. Unrelated tissues appear to be both 
malfunctioning and, as the lipomatous changes 
imply, undergoing degenerative changes. Spycher 
et al?? described large glycogen and small lipid 
deposits in the chondrocytes from an area of 
metaphyseal dyschondroplasia. Their electron- 
microscopical studies also demonstrated dilated 
endoplasmic reticulum cisternae containing an 
increased amount of granules which appeared as 
intracellular inclusions. They proposed that this 
represented either a failure to secrete an abnormal 
synthetic product or a defect in the secretion of a 
normal product from the endoplasmic reticulum. 


Cellular secretion is dependent on the adequate 
function of microtubules and microfilaments. The 
former are thought to provide the structural and 
orientating system for the motive force provided by 
the microfilaments. 

Use of agents such as colchicine which blocks 
microtubular reassembly, vincristine alkaloids which 
precipitate microtubular protein, or the cytochalasins 
which disrupt microfilaments have demonstrated 
that these ubiquitous subcellular components are 
essential for cell division, lipid absorption,” hexose 
uptake,9?? neutrophil mobility,°? phagocytosis and the 
disposition of cell surface receptors,» as well as for 
the secretion of histamine, hormones including 
insulin? and thyroxine,®® hepatic lipoproteins and 
albumin, collagen, pancreatic amylase,9 and 
neurotransmitters.9? 

In cells exposed to colchicine, secretory products 
fail to migrate to the cell periphery and accumulate 
within golgi-associated vacuoles and in the endo- 
plasmic reticulum cisternae,?-9? resulting in an 
electron microscopical appearance similar to that 
noted by Spycher et a[?9? The demonstration of 
impaired polymorphonuclear mobility in patients 
with this syndrome and in some of their parents 
suggests that this defect, since it is manifest in 
presumed heterozygotes, is close to the abnormal 
gene product. Similar defects in polymorphonuclear 
mobility can be induced by colchicine and cyto- 
chalasin B.°* 

We speculate that the basic defect in Shwachman's 
syndrome may lie in the function of the micro- 
tubular and microfilament elements. Too little is 
known about the co-ordination, regulation, or 
metabolism of these systems to be more specific, but 
such a functional defect could account for both the 
abnormal appearance of the chondrocytes and the 
impaired — polymorphonuclear mobility. The 
pancreatic cell inclusion bodies noted by Shwachman 
et al)? may represent accumulating synthetic 
products which ultimately lead to degenerative 
changes with subsequent lipid or glycogen deposition. 
Mitotically-active tissues such as the bone marrow 
would be most vulnerable to such a defect, as would 
be metabolically active tissues like the liver. 
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Allergic bronchopulmonary aspergillosis complicating 
cystic fibrosis in childhood 


M J BRUETON, L P ORMEROD, K J SHAH, AND CHARLOTTE M ANDERSON 
Institute of Child Health, University of Birmingham, and Children’s Hospital, Birmingham 


SUMMARY Allergic bronchopulmonary aspergillosis, known to be associated with cystic fibrosis in 
older patients, occurred in 7 young atopic children with cystic fibrosis. The diagnosis was suggested 
by the onset of, or the increase in, asthmatic symptoms accompanied by major chest x-ray changes 
ranging from total collapse of a lung or lobe to extensive but changing areas of consolidation. Each 
of the children had a blood eosinophilia, positive type I skin tests to Aspergillus fumigatus, and 
reversible airways obstruction. Most had a positive type III skin test and circulating precipitins to 
A. fumigatus, with raised IgE levels which contained specific antibodies to the fungus on radio- 
allergosorbent (RAST) test. None had advanced suppurative chest disease of cystic fibrosis. None 
was given specific antifungal agents; two received systemic treatment with corticosteroids, the others 
received additional drugs for their asthma. Two developed total collapse of one lung, one child being 
only 2 years old. Five have had recurrences of pulmonary shadowing typical of allergic aspergillosis 
but are not showing significant progression of their cystic fibrosis lung disease. Our experience 
suggests that there should be an increased awareness of this condition, particularly its association 


with extensive pulmonary collapse or consolidation in children with cystic fibrosis who are atopic. 


Aspergillus fumigatus is probably the most important 
cause of mycotic bronchopulmonary infection in 
western Europe. The clinical effect of infection with 
this ubiquitous mould depends on the immunological 
status of the host.! In atopic individuals, allergic 
bronchopulmonary aspergillosis occurs more 
commonly than aspergillomas or invasive asper- 
gillosis. The allergic form is characterised by the 
presence of asthma, pulmonary infiltrates which are 
often transient, eosinophilia, and positive immediate 
skin tests to A. fumigatus. The condition was first 
described in 1952 by Hinson et al., and since then 
has been increasingly recognised in asthmatic 
patients.?-^ Those usually affected are young adults 
but, in retrospect, the first pulmonary infiltration 
might have occurred in their childhood.® 

Mearns ef al. reported an association between 


Institute of Child Health, Birmingham 

CHARLOTTE M ANDERSON, professor of paediatrics and child 
health 

Westminister Children's Hospital, London 

M J BRUETON, senior lecturer in child health 

North Manchester General Hospital, Manchester 

L P ORMEROD, senior medical registrar 

Department of Radiodiagnosis, Children's Hospital, 

Birmingham 

K J SHAH, consultant radiologist 





allergic aspergillosis and cystic fibrosis (CF) in 1965. 
Batten’ described some older patients in 1967, and 
subsequently an incidence of 0:5%8 and 5%? was 
reported among adolescents and young adults 
with CF. We have recently recognised this com- 
plication rather more frequently in young children 
with CF who are predisposed by having reversible 
airways obstruction and atopy. The purpose of this 
paper is to describe the spectrum of features seen in 
such children, with particular reference to allergic 
aspergillosis as a cause of extensive pulmonary 
collapse and consolidation. The results of investiga- 
tions on 7 patients are given in the Table. 

The criteria for making the diagnosis of allergic 
aspergillosis were pulmonary opacity with blood 
eosinophilia, a positive type I prick test reaction to 
an extract of A. fumigatus, and the presence of 
reversible airways obstruction. Supportive evidence 
included the presence of serum precipitins to A. 
fumigatus, culture of the fungus from the sputum, 
and the presence of radioallergosorbent- (RAST-) 
specific IgE antibodies to A. fumigatus (Table). The 
diagnosis of CF was made in all 7 children using 
standard criteria, including persistently raised sweat 
sodium and chloride concentrations (760 mmol/l). 
All the children were being treated with antibiotics 
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Table 
cystic fibrosis 


Details of investigations concerning the diagnosis of allergic aspergillosis and atopy in 7 patients with 


——  — Á  ———— nn nn et T ĈsaĈc 





Case Asthma % Type I Serum Culture from Type III Serum IgE* Serum IgE RAST- Blood l 
reversibility of skin test precipitins to sputum of A. skin test (U/ml) (IU/ml) after specific IgE eosinophil 
FEV, A. fumigatus fumigatus* resolution of to A. count* 

x-ray changes fumigatus (x 109/1) 
l Too young for Positive Negative — Positive 8000 200 3+ 1-6 
spirometry 

2 20 Positive Positive Positive Negative 500 110 0 2.9 

3 15 Positive Positive Positive Positive NA 50 1+ 1-05 

4 15 Positive Negative Positive Positive 1200 — 2* 1-6 

5 30 Positive — Positive — Positive 2960 1100 NA 1-7 

6 25 Positive Positive — Negative 1672 1100 3+ 1-5 

7 17-5 Positive Positive — Positive 1950 1000 3* 0.8 


* At time of changes in x-rays. NA = not available. 


relevant to pathogenic organisms in their sputum or 
cough swabs, physiotherapy, intermittent inhalation 
therapy, and pancreatic supplements. 


Case reports 


The clinical details of the patients illustrating 
different features and modes of presentation are 
given below. 

The following 2 patients each experienced massive 
collapse of the lung—Case 1 at age 2} years and 
Case 2 at 6 years. 


Case 1. This boy, born in England of Pakistani 
parents, was diagnosed as having CF at age one 
month. He remained well without persistent cough 
until aged 23 years although some wheezing had been 
noted with upper respiratory infections and when he 
was excited. Chest x-rays showed only minor changes 
of increased lung markings and a little overdistention. 
In January 1978, when aged 21 years, he was 
admitted to hospital because wheezing had become 
severe and persistent, and he was dyspnoeic and 
pyrexial. Clinical and x-ray examination (Fig. la) 
showed total collapse of the right lung. Extra 
physiotherapy and parenteral antibiotics failed to 
bring about improvement, nor did  nebulised 
salbutamol and disodium cromoglycate have any 
effect, and the lung remained collapsed. Broncho- 
scopy did not show any mucous plug or extrinsic 
pressure on the bronchi. As a pronounced eosino- 
philia was present, allergic bronchopulmonary 
aspergillosis was suspected and investigations (Table) 
confirmed this. Oral treatment with corticosteroids 
was started and was accompanied by considerable 
re-aeration of the lung (Fig. 1b). One year later the 
patient is still well and maintained on nebulised 
salbutamol and disodium cromoglycate, in addition 
to normal treatment for CF, but there is some 





Fig. la (Case 1). Total collapse of the right lung 
and shift of the heart and mediastinal structures to 
the right side. 


residual opacity in the right upper lobe. Serum IgE 
concentration has fallen to 200 [U/ml and there is no 
blood eosinophilia. 

To our knowledge this boy is the youngest patient 
to be reported with allergic bronchopulmonary 
aspergillosis and CF. This case is also unusual in that 
the condition was recognised at the time of the boy's 
illness, as in most reported cases the diagnosis has 
been made retrospectively. Only 3 other children 
with allergic aspergillosis who were less than 2 years 
old have been reported and none of them suffers 
from CF.19-11 


Case 2. This boy was diagnosed as having CF at 


350 Brueton, Ormerod, Shah, and Anderson 





Fig. 1b (Case 1). Re-expansion of the right lung a 
few weeks later. Now residual partial collapse of right 
upper lobe and little opacity at the right base medially. 


age one month; he developed extensive collapse of 
the left lung at age 6 years. He had wheezed a great 
deal during his first year or so, but was otherwise 
well with a relatively clear chest x-ray until 6 years 
when he suddently became dyspnoeic; collapse of left 
lower lobe and dense opacity in the left upper lobe 
were demonstrated. Blood eosinophilia was present. 
The x-ray features resolved during the next 2 months 
with no specific treatment except increased physio- 
therapy but, a year later, the whole right lung 
collapsed. Results of investigations were then as 
shown in the Table. At bronchoscopy copious 
brown sputum which cultured A. fugimatus was 
aspirated from the right main bronchus. With 
intensive physiotherapy, regular nebulised disodium 
cromoglycate, and salbutamol, a mucus plug was 
produced and the right lung then re-expanded. Since 
then there have been no further episodes of gross 
pulmonary opacity with accompanying eosinophilia 
and he has remained well. 


Five patients have shown the more usually 
recognised clinical pattern of allergic aspergillosis in 
the adult asthmatic patient, with changing areas of 
opacity in the lung fields, usually resolving with the 
use of antiasthmatic drugs, as exemplified by the 
following child. 


Case 3. This girl was born in 1970 and diagnosed as 
having CF in the first month of life. She had been 


well on treatment until age 6 years when broncho- 
spasm was noted for the first time. The peripheral 
eosinophil count, IgE level, and chest x-ray were 
normal. She was given bronchodilators with improve- 
ment but a year later she developed a persistent, dry 
cough and became anorexic. Chest x-ray showed 
large rounded areas of consolidation in both upper 
lobes and considerable patchy opacity in the right 
lower lobe (Fig. 2). Computerised axial tomography 
(CAT) scan of the thorax showed dilated bronchi in 
the right upper lobe. Investigations were as shown 
in the Table and reversible airways obstruction was 
demonstrated. Administration of salbutamol and 
disodium cromoglycate was accompanied by con- 
siderable clearing of the x-ray changes in the right 
lung field. The IgE level dropped to 50 IU/ml. Six 
months later there was still an opacity in the left 
upper lobe but no symptoms accompanied this and 
during the next months it partially cleared. About 9 
months later she was wheezing on exercise and a 
new opacity in the right upper lobe appeared. This 
is currently resolving with extra physiotherapy and 
bronchodilators. 


The following boy posed a more difficult problem 
both in diagnosis and management. 


Case 4. This boy was diagnosed as having CF at one 
year and remained extremely well until 8 years 
without persistent respiratory symptoms and with a 
normal chest x-ray and normal growth. In February 





Fig. 2 (Case 3). Large and rounded areas of 
consolidation in both upper lobes and patchy 
peribronchial opacity in the right lower lobe. 
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Fig. 3a (Case 4). Development of large area of 
consolidation in the right upper lobe and extensive 
opacity in the lower lobe with wheeze and cough. 


1978 he suddently started to wheeze and cough 
persistently, appetite waned, and he lost weight. 
Reversible airways obstruction was demonstrated. 
The chest x-ray now showed pronounced consolida- 
tion in the right upper and lower lobes (Fig. 3a). 
Investigations were as shown in the Table. 

Despite intensive physiotherapy, he produced little 
sputum but Proteus vulgaris sensitive to gentamicin 
was grown persistently, together with A. fumigatus. 
As the patient was still anorexic and losing weight, a 
course of intravenous gentamicin was started, as well 
as oral corticosteroids as wheezing was still very 
pronounced and had not responded to salbutamol 
and disodium cromolgycate. There was resolution of 
the eosinophilia and of the patchy opacity in the right 
lower lobe but the right upper lobe consolidation 
persisted. CAT showed dilated bronchi and multiple 
cavities in the lobe (Fig. 3b). At bronchoscopy 
brownish tenacious material in which fungal hyphae 
were seen on microscopical examination was 
aspirated from the right upper lobe bronchus. A 
profuse growth of P. vulgaris was again obtained, 
together with A. fumigatus. Intravenous gentamicin 
was continued. During the days after the broncho- 
scopy he coughed up large volumes of thick brown 
sputum containing seed-like solid bits and x-ray 
improvement followed. Wheezing was still difficult to 
control at home so he was continued on salbutamol, 
disodium cromoglycate, and a small dose of cortico- 
steroids and, two months later, he had regained his 
weight, had no cough or wheezing, and considerable 





Fig. 3b (Case 4). CAT scan (antero-posterior) of the 
right upper lobe showing in detail rounded area of 
consolidation with multiple cavities within it. 





Fig. 3c (Case 4). Considerable clearance of right 
upper lobe lesion over a period of a few months. Now 
residual changes of dilatation of bronchi and patchy 
opacity in both upper lobes and to a lesser extent in 
the right lower lobe. 


clearing had occurred in the right upper lobe (Fig. 3c). 
The corticosteroid dose was reduced but, after 
another 2 months, consolidation recurred in the 
right lower lobe, clearing with increase in the 
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corticosteroid dose. He recently developed consolida- 
tion in the left upper lobe, not at first accompanied by 
cough or wheeze, but later copious brownish sputum 
was again produced. Inhaled gentamicin and 
increase in corticosteroids have resulted in resolution. 
We have not as yet been able to stop his cortico- 
steroids altogether. 

The relevant investigatory details of the remaining 
3 patients are given in the Table. A 7-year-old 
boy (Case 5) had three episodes of pulmonary 
consolidation within one year, all clearing with 
antiasthmatic treatment and leaving him with normal 
respiratory function tests and no reversible bronchial 
obstruction. 

The 2 remaining patients also illustrate that in our 
series, contrary to those recorded by others,? the 
episodes of allergic aspergillosis occurred in patients 
with CF whose lungs were not severely affected and 
who have remained well after their episodes. Case 6, 
a girl with CF diagnosed at 9 months, had remained 
well without cough or sputum until 9 years when she 
presented with a dry irritating cough and broncho- 
spasm. Consolidation was present in the right upper 
lobe but there was no sputum and no pathogenic 
organisms were isolated from the cough swab. 
Investigations (Table) indicated allergic aspergillosis. 
Treatment with disodium cromoglycate and 
bronchodilators initiated improvement and the 
symptoms and x-ray changes resolved and have not 
recurred in the succeeding 3 years. However her IgE 
serum level remains high at 1100 IU/ml, she shows 
reversible airways obstruction, and still receives 
treatment with disodium cromoglycate and 
salbutamol. 

Case 7, a girl diagnosed as having CF at 2 years, 
was quite well until she developed her first episode of 
allergic aspergillosis at 4 years, and she has had 3 
recurrences since but no general deterioration in 
respiratory function. 


Discussion 


This experience of allergic bronchopulmonary 
aspergillosis in patients with CF suggests that there 
should be an increased awareness of the condition 
and of its association with extensive pulmonary 
collapse, or with varying areas of consolidation. It is 
not clear why we have seen so many cases recently. It 
seems unlikely that such major x-ray changes could 
earlier have been missed in our clinic. At the same 
time, it seems clear that asthmatic symptoms are 
now more common in patients with CF.!? Does this 
represent an increased incidence of atopy in patients 
with CF generally? Or does it reflect increasing 
activation of an atopic predisposition, which is 


associated with CF lung damage or with some aspects 
of therapy ? 


Turner et al.'? have pointed out that, unlike many 
atopic individuals, patients with CF are likely to 
show positive skin reactions to the moulds, 
particularly A. fumigatus. Schwartz et al.!* showed 
that serum precipitins to A. fumigatus were present 
in up to 30% of patients with CF. Silverman et al. 
suggested that the relatively high prevalence of atopy 
in children with CF was not due to increased 
hypersensitivity to the common allergens, grass 
pollens and house dust mite, as for these allergens the 
figures for normal children were comparable with 
those for children with CF (34% and 29%), but to 
the high prevalence of hypersensitivity to A. fumigatus 
(359). It is interesting to note that the spore count of 
A. fumigatus in the atmosphere is highest in spring 
and autumn, which correlates with the timing of the 
illnesses in our patients. 


Contrary to other reports and to the suggestions of 
Silverman ef al.!° that the development of hyper- 
sensitivity to A. fumigatus was associated with 
increasingly severe Jung damage from CF, it was 
quite striking that our children were among those 
who had been progressing well and none was among 
those of our clinic with poor ‘Shwachman scores.’ 
Furthermore most of our patients appear to have 
made good recoveries although there have been 
recurrences. 

There is no place for specific treatment with 
antifungal agents in allergic bronchopulmonary 
aspergillosis but, if the asthmatic symptoms and the 
lung opacities or collapse do not improve with the 
disodium cromoglycate and salbutamol (oral or 
inhaled), together with intensified physiotherapy, 
oral corticosteroids are indicated.'5 The use of 
corticosteroids cannot be recommended in children 
without due consideration, particularly in the 
presence of serious pulmonary infection. However 
treatment with corticosteroids did not lead to a 
worsening of chest infection in CF and in 2 of our 
patients corticosteroids were associated with rapid 
and extensive resolution of the x-ray findings and the 
symptoms. 

The immunological features of allergic broncho- 
pulmonary aspergillosis were characterised by 
McCarthy and Pepys!’ as a mixture of type I IgE- 
mediated and type III immunecomplex-mediated 
hypersensitivity reactions. The use of IgE measure- 
ments in diagnosis and prediction of the disease 
course is important. Rosenberg ef al.!? found that 
specific IgE concentration increased in each of their 
patients before exacerbation and fell during 
treatment, rising again before further relapse. Case 
2, who had high levels during exacerbations, now, 2 
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years after his last episodes of pulmonary shadowing, 
has an IgE level of 110 IU/ml, and is RAST-negative 
for A. fumigatus. We are now following a further 
patient with CF who has asthma, peripheral eosino- 
philia, circulating precipitins, and positive im- 
mediate and late skin tests to A. fumigatus. Six 
months ago her IgE level was 7000 IU/ml, 
RAST + + for A. fumigatus but, at that time, there 
were no typical radiological opacities, only minor 
changes of CF. However she now shows nodular 
upper lobe opacity and collapse of the right middle 
lobe. Rosenberg et al.!® reported three similar cases 
with normal chest x-rays when blood eosinophils and 
IgE levels were high. They had proximal 
bronchiectasis on bronchography and were thought 
to have been observed at an early stage in the 
evolution of the disease. It is therefore clear that a 
critical appraisal in relation to allergic broncho- 
pulmonary aspergillosis is required in any child with 
CF who develops asthma. 


We thank Dr J H Parker, Department of Pathology, 
Shrewsbury Hospital, and Dr T G Merrett, 
Pharmacia RAST Allergy Unit, Benenden Chest 
Hospital, Cranbrook, Kent, for the measurement 
of RAST-specific IgE antibodies to A. fumigatus. 
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A family study of the genetic basis of asthma and 
wheezy bronchitis 
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SUMMARY The family histories relating to asthma and wheezy bronchitis were examined in 77 
asthmatic, 78 wheezy bronchitic, and 87 control children, aged between | and 12 years. The per- 
centage of children with at least one asthmatic relative was significantly greater in the asthmatic and 
wheezy bronchitic probands than in the controls; and asthma was more prevalent in the relatives of 
both groups of wheezy probands than in the relatives of controls. Similarly, the percentage of 
children with at least one wheezy bronchitic relative tended to be greater in asthmatic and wheezy 
bronchitic probands than in the controls; and wheezy bronchitis tended to be more prevalent in the 
relatives of both groups of wheezy probands than in the relatives of controls. However these 
differences did not reach significance. The strong similarities between asthmatic and wheezy 
bronchitic children in their family histories of asthma and wheezy bronchitis suggest that these two 


forms of wheezy illness share a common genetic defect. 


Childhood wheezy bronchitis is characterised by 
recurrent episodes of wheeze which occur only in 
association with a respiratory infection. It can be 
distinguished from asthma in which episodes of 
wheeze may be provoked by allergens, exercise, or 
emotion, and by infection. 

The clinical differences between these two forms of 
wheezy illness are not well defined, resulting in 
confusion about the relationship of wheezy bronchitis 
to asthma. Although many children with wheezy 
bronchitis grow out of this tendency, some develop 
frank asthma later. Moreover wheezy bronchitis is 
known to precede asthma in many childhood 
asthmatics. Therefore it is possible that asthma and 
wheezy bronchitis have a common defect, as 
suggested by Williams and McNicol.! 

Other findings suggest that the aetiologies of the 
disorders may differ. Despite the viewpoint expressed 
by Williams and McNicol,! their data showed that 
the incidence of hay fever, skin test sensitivity, and 
nasal eosinophilia was lower in children with 
wheezy bronchitis than in those with asthma. 
Taussig and Lebowitz? confirmed these observations 
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and they showed also that wheezy bronchitic 
children have fewer abnormalities in pulmonary 
function than asthmatic children. Therefore, it is 
possible that aetiologies of asthma and wheezy 
bronchitis differ, the former depending on factors 
which are not essential for the development of 
wheezy bronchitis. 

Since it is well established that asthma has a 
hereditary basis,?-? the relationship between asthma 
and wheezy bronchitis may be clarified by family 
studies designed to assess the degree of genetic 
similarity between them. If the disorders have a 
common genetic basis, we would expect family 
histories to be similar in asthmatic and wheezy 
bronchitic children. On the other hand, if they do not 
have a common hereditary defect, family histories 
would differ. In this paper, we report the findings of a 
family study in which comparison was made of the 
hereditary similarities and differences between 
asthma and wheezy bronchitis. 


Methods 


The study group comprised 242 children, aged 
between 1 and 12, and their families attending a- 
general practice in Roehampton, south-west London. 
The data had been collected for a survey on asthma 
and wheezy bronchitis carried out between 1967 and 
1976.79 
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The first child from each family to be recruited in 
the survey was designated the proband for the 
purposes of the present study. Probands were 
classified into the following groups according to 
history of respiratory illness. 


Wheezy bronchitis: one or more episodes of 
wheezing which occurred only in association with 
symptoms suggesting respiratory infection. On 
auscultation there would be a high pitched wheeze 
over most parts of the lungs in addition to medium 
crepitations or rhonchi. 


Asthma: recurrent episodes of wheezing which 
occurred in response to allergens, exercise, Or 
emotion, as well as with symptoms suggesting 
respiratory infection. On auscultation there 
would be a high pitched wheeze over most parts of 
the lungs. 


Control: no history of wheeze. Although most 
children had experienced at least one episode of 
respiratory infection, wheeze had never been 
detected on auscultation. 


The groups were each subdivided into atopic and 
nonatopic groups according to the proband’s 
reactions to skin prick tests of house dust, pollens, 
house dust mite, animal danders, and moulds. The 
criterion for a positive reaction was a weal of at least 
2 mm in diameter in the absence of any equivalent 
reaction to the control solution. A patient with at least 
one positive reaction was designated atopic, while a 
patient with no positive reactions was designated 
nonatopic. 

The age, sex, and history of hay fever and eczema 
were recorded for each proband. The history of 
asthma and wheezy bronchitis in each of the pro- 











band’s first-degree relatives (that is, parents and 
siblings) was obtained by interviewing at least one 
member of his family and by scrutinising medical 
records. 

A relative was said to have a history of wheezy 
bronchitis if, at any time during his life, he had had 
at least one episode of wheezing which occurred only 
in association with symptoms suggesting respiratory 
infection. On the other hand, if the relative had had 
wheezy episodes which occurred in response to 
allergens, exercise, or emotion as well as with 
symptoms suggesting respiratory infection, then he 
was said to have a history of asthma. 


Results 


Table 1 summarises the clinical characteristics of the 
probands in each of the asthma, wheezy bronchitis, 
and control groups. There were no significant 
differences between groups in the proportion of 
males or the mean age of the probands. The pre- 
valences of atopy, hay fever, and eczema were all 
significantly higher in asthmatic than in wheezy 
bronchitic or control children. The proportion of 
children with a positive family history of asthma was 
greater in both the asthma and wheezy bronchitis 
groups than in the control group, but the proportion 
with a positive family history of wheezy bronchitis 
did not differ significantly among groups. 

The prevalences of asthma and wheezy bronchitis 
in the first-degree relatives of probands are 
summarized in Table 2. The overall prevalence of 
asthma was higher in the relatives of both asthmatic 
and wheezy bronchitic probands than in the relatives 
of controls (y2—16-02; P<0-01). A similar trend 
was observed in the prevalence of wheezy bronchitis, 
but the differences did not reach significance 
(y3—1:94, P>0-10). 
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Table 1 Characterisation of probands 
Proband No (%) Males Hay fever 
No. (%) No. (%) 
Asthma 
Atopic 64 (83)** 42 (66) 25 (39)* 
Nonatopic 13 (17) 9 (69) 0 (0) 
Total 77 51 (66) 25 (32)** 
Wheezy bronchitis 
Atopic 36 (46) 26 (72) 4 (11) 
Nonatopic 42 (54) 25 (59) 0 (0) 
Total 78 51 (65) 4 (5) 
Control 
Atopic 38 (44) 25 (66) 5 (13) 
Nonatopic 49 (56) 24 (49) 0 (0) 
Total 87 49 (56) 5 (6) 


Excess as compared with control value: *P <0-05, **P —0-01. 


Eczema Family history Mean age 
— -— ( years) 
No. (%) Asthma Wheezy bronchitis 
No. (9?) No. (%) 

33 (2) 25 (39)** 17 (26) 7-5 

0 (0) 4 (31) 5 (38) 5.4 
33 (43)** 29 (38)** p». (28) 7.1 

5 (14) 13 (36)* 8 (22) 6.2 

5 (12) 12 (29) 13 (31) 4-6 
10 (13) 25 (32)** 21 (27) 5.3 

8 (21) 4 (10) 4 (10) 6-0 

8 (16) 5 (10) 13 (26) 5.4 
16 (18) 9 (10) 17 (19) 5.6 
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Table 2  Prevalences of asthma and wheezy bronchitis 
in the first-degree relatives of the probands 











Proband Prevalence in first-degree relatives 
b a E 
Asthma Wheezy bronchitis 
No. (94) No. (79 
MI UC RE UEM 
Asthma 
Atopic (n — 252) 34 (13)** 17 (7) 
Nonatopic (n — 52) 5 (10) 6 (11) 
Total (n — 304) 39 (13** 23 (8) 
Wheezy bronchitis 
Atopic (n — 127) 18 (14)** 8 (6) 
Nonatopic (n = 163) 14 (9)* 17 (10) 
Total (n = 290) 32 (11)** 25 (9) 
Control 
Atopic (n = 129) 4 (3) 4 (3) 
Nonatopic (n = 173) F (4) 13 (7) 
Total (n = 302) 11 (4) 17 (6) 


Excess as compared with control value: *P —0-10, **P<0-10. 
It was not possible to compare nonatopic asthmatic probands with 
nonatopic control probands because of the small size of the sample. 


In all groups, there was no significant difference 
between the relatives of atopic and nonatopic 
probands in the prevalences either of asthma or 
wheezy bronchitis. However, in the asthma and 
wheezy bronchitis groups, the prevalence of asthma 
tended to be higher in relatives of atopic probands; 
whereas the prevalence of wheezy bronchitis tended 
to be higher in relatives of nonatopic probands 
(Table 2). 


Discussion 


There was a strong similarity in the family history of 
asthma between asthmatic and wheezy bronchitic 
probands. The percentage of children with at least 
one asthmatic relative was significantly greater in the 
asthmatic and wheezy bronchitic probands than in 
the controls; and the prevalence of asthma was 
significantly higher in the relatives of both groups of 
wheezy probands than in the relatives of controls. 
This clustering of asthma in the families of wheezy 
children supports the hypothesis that at least some of 
the genetic factors underlying asthma may also be 
present in wheezy bronchitis. 

The family history of wheezy bronchitis was 
similar to that of asthma. The percentage of children 
with at least one wheezy bronchitic relative tended to 
be greater in asthmatic and wheezy bronchitic 
probands than in controls; and the prevalence of 
wheezy bronchitis tended to be higher in the relatives 
of both groups of wheezy probands than in the 
relatives of controls. Although these differences did 
not reach significance, the tendency of wheezy 
bronchitis to cluster in the families of wheezy children 
lends support to the idea that wheezy bronchitis and 
asthma share a common genetic defect. 

The composition of our control group may have 


contributed to the absence of a significant difference 
between wheezy and control probands in their 
family histories of wheezy bronchitis. Control 
children were not normal in that 62 (7197) had had at 
least one episode of bronchitis. The prevalence of 
atopy (44%) and the sex-ratio (1 :29) were higher in 
these probands than is generally found in children of 
this age,’~§ suggesting the control children may have 
had some genetic factors in common with the 
asthmatic and wheezy bronchitic children. 

As wheezy bronchitis often precedes asthma in 
children, some of the probands with wheezy 
bronchitis may have had incipient asthma. Their 
presence would be expected to enhance the similarity 
in the family histories of asthma and wheezy 
bronchitis between asthmatic and wheezy bronchitic 
probands. However, the pronounced differences 
between the two groups of probands in their 
histories of atopy and allergic disease (Table 1) 
suggest there were not many children with incipient 
asthma among those with wheezy bronchitis. 
Therefore, it is unlikely that the family histories of 
asthma and wheezy bronchitis were altered 
appreciably by this bias. 

The prevalences of atopy, hay fever, and eczema 
were lower in wheezy bronchitic than asthmatic 
probands. Although these differences may have 
arisen, in part, from the slightly lower age of the 
wheezy bronchitic compared with the asthmatic 
children,’ other investigations dealing with children 
of uniform age have also found that atopy and 
allergy were less prevalent in wheezy bronchitics.! ? 
These findings suggest that the reduced predis- 
position to asthma of many wheezy bronchitic 
children may result from their failure to inherit a 
predisposition to atopy or allergy. Our finding that 
the prevalence of wheezy bronchitis was higher in the 
relatives of nonatopic than atopic probands, 
whereas the reverse was true of asthma, lends support 
to this hypothesis. 

In summary, the similarity between asthmatic and 
wheezy bronchitic children in their family histories 
of asthma and wheezy bronchitis suggests that these 
diseases share a common genetic defect. However the 
manifestation of asthma may be influenced by other 
factors, for instance atopy, which are not essential 
to the development of wheezy bronchitis. 


We acknowledge financial support from the National 
Heart and Chest Hospitals. B S was supported by a 
research scholarship from the British Council. 
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Parental smoking and respiratory illness in infancy 


D M FERGUSSON, L J HORWOOD, AND F T SHANNON 


Christchurch Child Development Study, Department of Paediatrics, Christchurch Hospital, Christchurch, 


New Zealand 


SUMMARY The relationship between parental smoking and respiratory illness in a birth cohort of 
1180 one-year-old children was examined. Maternal smoking was associated with an increased 
incidence of lower respiratory illness but there was no statistically significant association between 
paternal smoking and lower respiratory illness. While children of mothers who smoked suffered more 
lower respiratory illnesses, their overall risk of respiratory infection was similar to that for children 
of nonsmoking mothers. The association between maternal smoking and infantile lower respiratory 
illness persisted when the child’s social background, perinatal history, and postnatal diet were 
taken into account. The findings favour the view that prolonged exposure to cigarette smoke 
predisposes infants to develop lower respiratory symptoms when they contract a respiratory infection. 


A number of studies has shown that parental 
smoking is related to an increased risk of bronchitis 
and pneumonia among children under one year! 
and to an increased risk of morning cough and 
breathlessness among schoolchildren.?-9 The associa- 
tion between parental smoking and lower respiratory 
illness in children has been shown to persist when 
factors—such as, family size, birthweight, social 
class, the child's smoking habits—are taken into 
account. 7? This paper examines the effects of 
parental smoking on the risk and nature of 
respiratory illness during the last 8 months of the 
first year of life in a birth cohort of 1180 infants. 


Method 


The data were collected during the third stage of the 
Christchurch Child Development Study.? In this 
project a cohort of infants was studied at birth, at 
4 months, and one year. At birth, the child's mother 
was interviewed, using a structured schedule, to find 
out the background to the pregnancy and the 
antenatal history. When the child was 4 months old, 
the mother was again interviewed, using a structured 
schedule, to find out about the child's health and 
development since birth, the diet, and the social and 
economic background of the family. At one year a 
similar interview was administered. At each inter- 
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view the mother signed a consent form indicating her 
willingness to participate in the research. 

The initial cohort comprised 1262 children and one 
year later 1180 were still in the study. This repre- 
sented 94% of the initial cohort and 97% of the 
children who were still alive and resident in New 
Zealand. The following measures were used in the 
analysis. 


Measures of respiratory illness. To measure respir- 
atory illness, both that involving medical consultation 
and that treated at home, two measures of 
respiratory illness were constructed. 


Medical consultation 

At 4 months and again at one year the child's mother 
was asked to give details of the child's history of 
medical consultation. While maternal reports of 
medical consultation are unlikely to be completely 
accurate, Colley? found there was good agreement 
between such reports and medical records. From the 
maternal reports of medical consultation, a child was 
defined as having a /ower respiratory illness if he had 
attended a medical practitioner or a hospital for 
bronchitis, bronchiolitis, or pneumonia. A child was 
defined as suffering an upper respiratory illness if 
he had attended a medical practitioner or hospital 
for respiratory illness other than bronchitis, 
bronchiolitis, or pneumonia. 


Symptoms 
To supplement the data on medical consultations 
each mother was asked whether the child had 
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displayed any of a series of respiratory symptoms, 
irrespective of whether he had seen a doctor. From 
this questioning two measures were constructed. 
The first was whether the child had ever suffered a 
‘wheezy chest’ and the second was whether he had 
ever suffered other respiratory symptoms such as 
cold, sore throat, sore ears, etc. Questioning on 
symptoms was only conducted at one year, so that 
complete medical data on the child were available 
only for the period from 4 months to one year. 
Because of this, the analysis is restricted to the last 
8 months of the child’s first year of life. 


Parental smoking. Parents were classified as ‘smoker’ 
or ‘nonsmoker’. 


Perinatal history, social background, and diet 
measures. The following variables were used in the 
analysis for purposes of statistical control: birth- 
weight, gestational age, maternal age, maternal 
education, maternal race, number of children in the 
family, family living standards, and duration of 
breast feeding. 

The joint effects of maternal and paternal smoking 
on the risk of lower respiratory illness were analysed 
using the logistic analysis of factorial designs 
described by Cox. In this analysis maternal and 
paternal smoking were treated as two factors and the 
proportion of infants with lower respiratory illness 
was the dependent variable. This proportion was 
transformed using the logistic function and contrasts 
of the effects of maternal smoking, paternal smoking, 
and the maternal/paternal smoking interaction were 
examined. 


Results 


Tables 1 and 2 show the relationship between 
parental smoking and the risk of medical attendance 
for lower respiratory illness, and maternal reports 
of wheezy chest during the last 8 months of the 
first year of life. The risk of lower respiratory illness 


Table 1 Percentage of children with medical 
consultation for lower respiratory illness by parental 
smoking* 








Father Mother 

Nonsmoker Smoker Overall 
Nonsmokert 6 10 7 

(n = 588) (n = 190) (n = 778) 
Smoker 6 14 10 

(n = 192) (n = 199) (n = 391) 
Overall 6 12 8 

(n = 780) (n = 389) (n = 1169) 


——————————————— D ——————————————————— Ó— ——— 
*Excludes 11 children for whom data were missing for either smoking 
or respiratory illness. 

fIncludes 88 families in which there was no father, or father figure. 
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Table 2. Percentage of children with wheezy chest 
by parental smoking* 








Father Mother 

Nonsmoker Smoker Overall 
Nonsmokert 29 38 31 

(n = 588) (n = 190) (n = 778) 
Smoker 30 43 36 

(n = 192) (n = 199) (n = 391) 
Overall 29 40 33 

(n = 780) (n = 389) (n = 1169) 


RH ——ÓMá————— ——— 
*Excludes 11 children for whom data were missing for either smoking 
or wheezy chest. 

tIncludes 88 families in which there was no father, or father figure. 


varied with parental smoking: children from families 
in which both parents smoked had over twice the 
risk of medical attendance for lower respiratory 
illness and 1-5 times the risk of a maternal report of 
wheezy chest compared with children from non- 
smoking families. 

Examination of the effects of maternal and paternal 
smoking on the risk distributions for both measures 
showed: maternal smoking was related to an 
increased risk of lower respiratory illness (P —0-:001); 
there was no significant association between paternal 
smoking and lower respiratory illness (P 0-05); 
there was no significant interaction between maternal 
smoking, paternal smoking, and the risk of lower 
respiratory illness (P — 0-05). 

Table 3 shows the relationship between maternal 
smoking and the risk of all respiratory illness or 
symptoms. This risk is subdivided into upper 
respiratory illness or symptoms only (such as, nasal 
discharge, pharyngitis, otitis media, maternal 
reports of cold, sore throat) and lower respiratory 
illness or symptoms (such as, bronchitis, bronchio- 
litis, pneumonia, maternal reports of wheezy chest). 
Overall, the risk of respiratory illness was similar for 
the children of smokers and nonsmokers. However, 
the nature of the illness varied with maternal 
smoking: children of mothers who smoked had a 
greater incidence of lower respiratory illness or 


Table 3 Percentage of children with respiratory 
symptoms, upper respiratory symptoms only, lower 
respiratory symptoms, by maternal smoking 








Measure Non- Smoker Total p" 
smoker 
(n=786) (n=394) (n—1180) 
With at least one 
respiratory symptom 91 93 92 >0-05 
With upper respiratory 
symptoms only 63 52 60 <0-001 
With lower respiratory 
symptoms 29 40 33 <0-001 


al 


*4? test. 
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Table 4 Risks of lower respiratory illness adjusted for perinatal factors, home background, and breast feeding 





Measure Adjustment 
None Perinatal history 
Medical consultations 
Nonsmoker (%) 6 6 
Smoker (%) 12 12 


Maternal reports of wheezy chest 
Nonsmoker (°%) 29 28 
Smoker (°%) 40 41 





————M—— MÀ 


Home background Breast feeding AII factors 
6 6 6 

12 12 12 

29 29 29 


40 40 40 


symptoms but a lower risk of respiratory illness 
affecting only the upper respiratory tract. 

To control for the effects of the child's perinatal 
history, home background, and postnatal diet, the 
binary multiple regression method described by 
Feldstein? was used. Table 4 shows for the two 
measures of lower respiratory illness: (1) The risk of 
lower respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
birthweight and gestational age. (2) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
maternal age, education, ethnic status, family size, 
and family living standards. (3) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the effects of 
duration of breast feeding. (4) The risk of lower 
respiratory illness for children of smoking and 
nonsmoking mothers, adjusted for the joint effects of 
the perinatal, home background, and diet measures. 

It can be seen from Table 4 that the adjusted 
estimates of the risks of lower respiratory illness do 
not differ appreciably from the unadjusted risks. 
This indicates that the apparent association between 
maternal smoking and infantile lower respiratory 
illness cannot be explained by the confounding 
effects of factors relating to perinatal history, home 
background, or postnatal diet. 


Discussion 


An association between parental smoking and 
infantile lower respiratory illness has been demon- 
strated." The findings reported here extend 
knowledge of this association in a number of ways. 

Perhaps the most interesting result is that, while 
maternal smoking was associated with an increased 
risk of infantile lower respiratory illness, there was 
no such association for paternal smoking. This 
difference has been overlooked in previous studies 
which have not considered the sex of the smoking 
parent. The obvious implication of the result is that 
duration of exposure to cigarette smoke (rather than 
the presence of a smoker in the house) is an important 
factor in the correlation. 


Previous studies have considered the effects of 
parental smoking on lower respiratory illness only. 
The findings reported here show that there is a 
complicated relationship between parental smoking 
and all respiratory illness. Overall, the children of 
mothers who smoke do not have a greater risk of 
respiratory illness but they do have a greater risk of 
suffering respiratory illness affecting the lower 
respiratory tract. This finding suggests that the 
effect of maternal smoking is to irritate the infantile 
lung and thus facilitate the spread of infection to the 
lower respiratory tract. 

In addition, previous research has examined the 
relationship between parental smoking and medical 
consultation for lower respiratory illness. Since 
medical consultations probably provide a biased 
sample of infant illness, there is the possibility that 
the apparent association between parental smoking 
and infant lower respiratory illness could have arisen 
from some bias in consulting practices. The results 
reported here show that this is unlikely to be the case: 
an association between maternal smoking and 
infantile lower respiratory illness has been shown to 
exist both for illness needing medical treatment and 
for maternal reports of lower respiratory symptoms, 
irrespective of whether these symptoms were treated 
by a medical practitioner. 

Finally, the range of social and perinatal factors 
controlled in this study is greater than that con- 
sidered in previous studies of the topic. On the basis 
of the findings reported here, it may be concluded 
that the association between maternal smoking and 
infantile lower respiratory illness cannot be explained 
by the confounding effects of such factors as adverse 
perinatal history, depressed social background, or 
bottle feeding. 

There now appears to be sufficient evidence to 
support the view that people in regular and prolonged 
contact with infants should not smoke, or if they 
must, they should not do so in the presence of 
infants. 


This research was supported by grants from the 
Medical Research Council of New Zealand and the 
National Children's Health Research Foundation. 


Parental smoking and respiratory illness in infancy 361 


References * Fergusson D M, Horwood L J, Wright R, Stewart C R. 
Factors associated with planned and unplanned nuptial 
! Colley J R T, Holland W W, Corkhill R T. Influence of births. NZ Med J 1978; 88: 89-92. 
passive smoking and parental phlegm on pneumonia and * Cox DR. Analysis of binary data. London: Methuen, 1970. 
bronchitis in early childhood. Lancet 1974; ii: 1031-4. ? Feldstein M S. A binary variable multiple regression 
* Harlap S, Davies A M. Infant admissions to hospital and method of analysing factors affecting perinatal mortality 
maternal smoking. Lancet 1974; i: 529-32. and other outcomes of pregnancy. J Roy Stat Soc 1966: 
3 Cameron R, Kostin J S, Zaks J M, et al. The health of 129: 61-73. 
smokers’ and non-smokers’ children. J Allergy 1969; 43: 
336-41. , 
* Norman-Taylor W, Dickinson V A. Dangers for children Correspondence to Mr D M Fer gusson, Christ- 
in smoking families. Community Med 1972; 128: 32-3. church Child Development Study, Department of 


$ Colley J R T. Respiratory symptoms in children and Paediatrics, Christchurch Clinical School of 


eae a and phlegm production. Br Med J Medicine. Christchurch Hospital, Christchurch 
“H? : : , x 


ê Bland M, Bewley B R, Pollard V, Banks M H. Effect o New Zealand. 
children's and parents' smoking on respiratory symptoms. 
Arch Dis Child 1978; 53: 100-5. Received 19 June 1979 


Archives of Disease in Childhood, 1980, 55, 362-364 


Use of indomethacin and its relationship to 


retinopathy of prematurity in very low birthweight 
infants 


RENATO S PROCIANOY, JOSEPH A GARCIA-PRATS, HELEN M HITTNER, 
JAMES M ADAMS, AND ARNOLD J RUDOLPH 


Department of Pediatrics and Department of Ophthalmology, Baylor College of Medicine, and the 
Neonatology Service of Texas Children's Hospital, Houston, Texas, USA 


SUMMARY The relationship between the use of indomethacin, a prostaglandin inhibitor, for 
closure of patent ductus arteriosus (PDA) and the occurrence of retinopathy of prematurity was 
investigated retrospectively. 63 preterm infants < 1500 g who were < 32 weeks gestational age, 
appropriate weight for gestational age, with a diagnosis of PDA, and admitted during the first 24 
hours of life were studied. Diagnosis of retinopathy was made by retinal examination when each 
infant was about 4 weeks. Diagnosis of PDA was made by clinical, radiological, and echocardio- 
graphic findings. 15 patients were treated with indomethacin because of severe congestive heart 
failure. There were no differences between gestational ages, birthweights, duration of oxygen 
therapy, or incidence of retinopathy in treated and untreated patients. We suggest that the use of 
indomethacin for PDA closure does not increase the incidence of retinopathy in very low birth- 


weight infants. 


Indomethacin, an inhibitor of prostaglandin syn- 
thetase, has been used for closure of patent ductus 
arteriosus (PDA) in low birthweight infants." * 
However its effect on other blood vessels, especially 
those in the retinal circulation, is unknown. There 
has been discussion about the possibility of an 
increased incidence of retinopathy of prematurity 
(ROP) in indomethacin-treated preterm infants, 
because of the similarity between the retinal vessels 
and the ductus arteriosus in their sensitivity to 
oxygen.? ROP is a vascular or circulatory disorder 
of the developing retinal arteries caused by vaso- 
constriction,’ and the effect of indomethacin on the 
retinal circulation of preterm infants is not known. 
Our study was undertaken to determine whether an 
association exists between ROP and use of indo- 
methacin for closure of PDA in very low birthweight 
infants. 





Baylor College of Medicine, Houston 

Department of Pediatrics 

RENATO S PROCIANOY, post doctoral fellow in neonatal- 

perinatal medicine 

JOSEPH A GARCIA-PRATS, assistant professor of pediatrics 

JAMES M ADAMS, assistant professor of pediatrics 

ARNOLD J RUDOLPH, professor of pediatrics 

Department of Ophthalmology 

HELEN M HITTNER, clinical assistant professor of 
ophthalmology 


Material and methods 


We studied retrospectively all newborn infants 
admitted in the first 24 hours of life to the neonatal 
intensive care unit at Texas Children's Hospital 
from January 1976 to June 1978. The infants studied 
fulfilled the following criteria: birthweight < 1500 g, 
gestational age X 32 weeks, appropriate for gesta- 
tional age,? diagnosis of PDA requiring treatment of 
at least fluid restriction, and survival for the first 
month of life. 

The following data were abstracted from charts 
of patients enrolled in the study: birth weight, 
gestational age, oxygen exposure, use of exchange 
transfusion, presence or absence of hyaline mem- 
brane disease (HMD), ROP, intraventricular 
haemorrhage (IVH), and PDA. 

Gestational age was determined by maternal 
dates and confirmed by physical examination.® If 
there was a difference of more than 2 weeks between 
the physical findings and the mother's dates, the 
clinical assessment was adopted. The diagnosis of 
PDA was based on the presence of a systolic murmur, 
bounding pulses, hyperactive precordium, wide 
pulse pressure, enlarged heart size on x-ray, and 
increased left atrial/aortic root ratio (1*3) on the 
echocardiogram. HMD was diagnosed by the 
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presence of expiratory grunting, chest retraction, 
maximum oxygen requirement 250%, and the 
presence of reticulogranular pattern on the x-ray. 
The diagnosis of IVH was made by the clinical 
findings of cardiovascular collapse, sudden drop in 
haematocrit, presence of full fontanelle, bloody 
cerebrospinal fluid tap which did not clear, seizures, 
apnoea, and posthaemorrhagic-hydrocephalus, as 
well as by computerised axial tomography (CAT) 
scan during the acute phase of the IVH (first 10 days 
of life). The diagnosis of ROP was made by one of 
us by indirect ophthalmoscopy from about 4 weeks 
of age. ROP was classified into grades 1 to 4 in 
both the active (aROP) and the cicatricial (CROP) 
phases." 5 Follow-up examinations were performed 
as necessary. 

Duration of treatment with oxygen was calculated 
by reviewing the patient's chart. For each patient 
the amount of oxygen received was recorded hourly 
and the mode of delivery was noted. All patients 
having oxygen therapy had central blood-gases 
checked as frequently as judged necessary and 
Pao, was maintained below 70 mmHg (9:3 kPa). 

One of the following criteria had to be met before 
the use of indomethacin for closure of PDA: (a) 
inability to wean from the ventilator, (b) inability 
to provide adequate nutrition for growth, or (c) 
need for reinitiation of ventilatory support because 
of congestive heart failure. Indomethacin was given 
orally, 0-1 mg/kg, three times a day every 8 hours. 
Student's ¢ test and 7? analysis were used to interpret 
the data. 


Results 


We studied 63 newborn infants with PDA. 15 were 
treated with indomethacin (group 1) and 48 were 
not (group 2). Of those 63, 31 developed aROP and 
9 of them developed cROP, 3 with complete retinal 
detachment. 


Table Data (mean + SD) on 63 newborn infants 
with patent ductus arteriosus 








Group I,n=15 Group 2,n —48 
(treated patients) (untreated patients) 
Birthweight (g) 1120 4-246 1150 4-252 
Gestational age (weeks) 28 -36+2-0 29-33+-1-63 
Duration of treatment 
with oxygen (hours) 776 +. 660 441 +.603 
Exchange transfusion 6(40) 6(13)* 
Hyaline membrane disease 13(87) 25(52)* 
Intraventricular 
haemorrhage 6(40) 16(34) 
Retinopathy of prematurity 
Active 8(53) 23(48) 
Cicatricial 2(13) 7(15) 
*P<0-05. 


Percentages are given in parentheses. 


The mean age at treatment was 11-3 days. The rate 
of success, evaluated by the disappearance of the 
murmur and clinical improvement, was 6075. There 
was no difference in gestational age and postnatal 
age at treatment between infants in whom the PDA 
was closed with treatment and those who did not 
close their PDA. There were no differences in 
gestational ages, birthweights, duration of treatment 
with oxygen, presence of IVH, aROP, or cROP 
between groups (Table). The occurrence of HMD 
and the use of exchange transfusions were signifi- 
cantly higher in group 1 than group 2. 


Discussion 


PDA is a very common problem in preterm infants 
especially those < 1500 g. Oxygen is thought to be 
an important factor determining constriction of the 
ductus arteriosus? and group E prostaglandins seem 
to have an important role in keeping the ductus 
patent in the newborn period.!? Indomethacin, a 
prostaglandin synthetase inhibitor, has been used 
for closure of PDA in preterm infants.!-!? The 
effect of the different groups of prostaglandins as 
well as of indomethacin on the retinal vessels is not 
known. However, it is well established that the 
retinal circulation responds to high oxygen con- 
centration with vasoconstriction.* Any factor deter- 
mining retinal vasoconstriction is potentially a 
cause of ROP;* and the effects of PDA treatment 
with prostaglandin synthetase inhibitor on the 
retinal vessels remain to be determined. 

Some aspects of our study deserve comment. This 
was a retrospective study, therefore a randomised 
study was not possible. However, birthweights, 
gestational ages, duration of treatment with oxygen, 
and occurrence of IVH, aROP, or cROP were not 
different when we compared both groups. We did 
not attempt to correlate the incidence of ROP with 
intermittent determinations of Pao,, as in previous 
studies it had not been possible to do so.!? The 
introduction of transcutaneous Pao, monitoring 
will permit such studies. We did not take into con- 
sideration the influence of simple blood transfusions 
on the occurrence of ROP, because most of the 
patients required blood in the first month of life. 
However, the use of exchange transfusion was 
higher in the treated group. It has been questioned 
whether this procedure might potentiate the risk 
for ROP in preterm infants.!4- 1» 

The occurrence of IVH in treated and untreated 
groups was the same. All intraventricular haemor- 
rhages occurred before the use of indomethacin 
(mean 11:3 days) and no clinical symptoms of IVH 
were noted after treatment; however, CAT scans were 
not performed after treatment with indomethacin. 
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Our data suggest that the use of indomethacin for 
closure of symptomatic PDA in preterm infants does 
not increase the incidence of ROP. However, our 
numbers are small and large prospective studies 
should be performed. Careful consideration should 
be given before using indomethacin for closure of 
the PDA. 


These studies were supported in part by a grant from 
the Retina Research Foundation, Houston, Texas. 
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Effect of feeding on jugular venous blood flow in 


the normal newborn infant 


P R F DEAR 


Neonatal Research Group, The London Hospital Medical College 


SUMMARY Jugular venous occlusion plethysmography was used to measure jugular blood flow in 
47 infants; this was done at varying times after the end of a feed. Jugular blood flow was found to be 
lower, by about 30%, during the first postprandial half hour than at any other time up to 2 hours 
postprandially. In 2 infants longitudinal studies were performed in relation to several feeds, and 
postprandial reductions in blood flow of a similar magnitude were found. Aspects of the venous 
occlusion technique are discussed. It is concluded that feeding in healthy neonates is associated 
with a subsequent reduction in jugular blood flow, and possible mechanisms for this phenomenon 


are discussed. 


Cross et al.’ found, in a premature infant, that there 
was an increase in aural temperature after a feed 
compared with deep body temperature at other sites 
—such as the rectum and oesophagus. The aural 
temperature was measured with a neonatal zero- 
gradient aural thermometer (Muirhead Ltd). It was 
argued that the differential rise in temperature at the 
aural site was probably due to an increase in brain 
temperature, the thermistor recording the aural 
temperature being separated from the temporal lobe 
by only a thin plate of bone. Later that vear Cross 
et al? reported that in a number of infants an 
increase in head temperature could be observed after 
a feed by means of infrared thermography. The 
temperature began to rise some 30 to 45 minutes 
after the end of the feed and remained high for about 
60 minutes. 

In both studies it was suggested that the rise in 
temperature might be explained either by an increase 
in brain heat production, or by a decrease in heat 
transport from the brain, or a combination of these 
two factors. There is evidence that there is a general 
postprandial increase in body metabolism as shown 
by an increase in total body oxygen consumption,? 
but the magnitude of this increase is insufficient to 
account for the estimated rise in brain temperature, 
even if all the metabolic increase takes place in brain 
tissue (J K Stothers, 1978, personal communication). 
It seems probable therefore that there is an element of 
decreased heat transport away from the brain—that 
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is, a diminished brain blood flow. This is an 
important suggestion which offers a sinister alter- 
native explanation for such postprandial phenomena 
as the irregularities of breathing often associated 
with bolus feeding in preterm infants, traditionally 
attributed to the effect of a distended stomach 
splinting the thoracic contents. 4 

Before venous occlusion plethysmography was 
introduced for estimating jugular venous blood 
flow,’ there had been no ethical way of assessing 
cranial blood flow in the normal infant. The method 
was devised specifically for the study of postprandial 
changes in cranial blood flow, and this paper 
reports the first results. 


Method 


Technique. A 4-strand mercury-in-Silastic strain 
gauge was used to record the rate of increase of the 
occipitofrontal circumference (OFC) of the com- 
pliant neonatal cranium after digital occlusion of the 
internal jugular veins in the supraclavicular region of 
the neck (Fig. 1). Changes in the length of the gauge 
cause proportional changes in its electrical resistance. 
These were measured by incorporating the strain 
gauge as one of the arms of a Wheatstone bridge. 
The output of the bridge was recorded on a Hewlitt 
Packard pen-recorder (7754A) through a preamplifier 
(Hewlitt Packard Bioelectric 8811A). Fig. 2 shows a 
recording of two jugular occlusions and a 
simultaneous electrocardiogram. It can be seen that 
the infant's cranium pulsates in time with the heart, 
and that when the jugular veins are occluded there is 
a rapid pulsatile increase in OFC, the rate of which 
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Fig. 1 Digital compression of the jugular veins. The 
pressure used is no greater than that during clinical 
examination of the neck as the veins are superficial, 
thin-walled, low pressure vessels. The infant is wearing 
a mercury-in-Silastic strain gauge. 
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Fig. 2 Two typical inflow curves representing increase 
in cranial circumference with time. A series of 1 mm 
calibration deflections is shown on the right of this 
recording. Construction lines have been added to 
illustrate the manner in which the rate of increase of 
circumference during the first postocclusion cardiac 
cycle is estimated. A simultaneously recorded ECG 

is shown. 


declines with time. The output of the gauge was 
calibrated by recording the pen deflection resulting 
from a known stretch of the gauge. Calibration was 
conducted im situ on the head by means of an 
incorporated pneumatic calibrator, worked by a 
syringe through a length of flexible tubing, designed 
to effect a 1 mm extension of the gauge. All measure- 
ments were conducted with the infant lying down. 


Analysis of records. When the jugular veins are 
occluded blood begins to accumulate in the cranium 
and the OFC starts to increase. At the instant of vein 
occlusion the rate of increase reflects the pre- 
occlusion flow in the jugular veins, but as the 
intracranial pressure rises, so flow in unoccluded 
vessels—such as the vertebral veins—is recruited and 
the rate of increase in OFC gradually decclerates, 
until the entire cranial blood flow is accommodated 
by unoccluded veins and no further change occurs. 
The best estimate of jugular venous blood flow is 
therefore obtained from the rate of OFC increase 
immediately after vein occlusion. In this study, the 
mean rate of OFC increase during the first complete 
cardiac cycle atter occlusion was obtained from the 
slope of a construction line drawn on the trace, as in 
Fig. 2. Analysis was facilitated if the occlusion was 
timed to coincide with a pulse wave nadir, and this 
was easy to achieve with a little practice. With 
knowledge of the recording paper speed, the calibra- 
tion deflection, and the OFC measurement, the 
percentage rate of circumference increase was 
calculated in mm/min per 100 mm of OFC. This is 
the form in which the results are presented. 

For a single measurement at least 10 inflow curves 
were obtained in about 10 minutes. A value for rate 
of circumference increase was obtained for each 
inflowcurve and then themean and SE wascalculated. 


Subjects. Most of the data are given in the form of a 
cross-sectional study on 45 infants measured at 
varying times after the end or a feed. The infants were 
selected at random, but the advice of the ward 
sisters was taken as to which mothers were most 
likely to understand the nature and importance of 
the study. 

The mean weight of the infants was 3:1 (range 
2-2 to 4:3) kg and the mean postnatal age was 
4 (range 2 to 9) days. Gestational ages ranged from 
36 to 41 weeks. 23 babies were girls and 22 boys. 
The babies were normal, healthy infants, and none 
had had any respiratory or other illness. All but 
4 were breast fed. 

In 2 additional infants longitudinal studies were 
performed in relation to several feeds. Case | was à 
term, 3:45-kg, 3-day-old, breast-fed infant. Pre- and 
postprandial measurements of jugular blood flow 
were obtained in relation to two feeds. Case 2 was a 
term, 3-kg, breast-fed infant, and measurements of 
blood flow were performed on davs 1, 2, 3, 6, 7, and 8. 
Both pre- and postprandial blood flow measurements 
were obtained in relation to six feeds. 

All infants were from the postnatal or neonatal 
wards of this hospital. In each case the procedure 
was explained in full to one parent or both, and 
permission obtained. Permission had also been 
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obtained from the Hospital Ethical Committee. 
In most cases one parent (or both) was present for 
a least part of the time that measurements were 
taken. No sedation was used in any infant. 


Evaluation of the analysis. As part of the assessment 
of the technique, the strain gauge was applied to a 
number of dead infants and it was observed that 
there was sometimes a small fluctuation in the OFC 
recording during digital compression of the veins due 
to the effect of skin traction distorting the gauge in 
the temporal region. Finger-tip pressure recording in 
live infants showed that the act of digital compression 
was complete well within one cardiac cycle, and that 
any ‘compression artefact’ would be confined to the 
first pulse of the inflow curves. The method of 
analysis was therefore open to the criticism that it 
might include a ‘compression artefact’. The 
significance of any artefact was examined as follows. 

The pulsations on the inflow curves were effectively 
removed by considering only those points on the 
curve coinciding with the same phase of the cardiac 
cycle. When this was done the rate of OFC increase 
could be shown to decay exponentially with time, as 
would be expected if blood flow in unoccluded veins 
increases proportionately with rising intracranial] 
pressure. This exponential relationship permits a 
mathematical treatment of the curves by which the 
rate of increase in OFC at the moment of vein 
occlusion can be derived by extrapolation from 
points on the curve distal to the first pulsation, and 
any artefact thus excluded. 

Inflow curves in the present study were recorded 
with the original method of analysis in mind. To 
facilitate this the first two or three pulses were 
recorded at high amplification, so that not enough 
points were obtained for reliable exponential 
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analysis. In order to discover how much the results 
might be affected by artefact, Milligan and Rahilly 
compared the two methods of analysis in 10 
additional infants (D Milligan and P M Rahilly, 
1978, personal communication). Exponential analysis 
was performed using computer program BMD P3R.’ 
Fig. 6 shows a graphical correlation of circumference 
increase values obtained by both methods of 
analysis. The correlation is good (r—0-82, P 0-01) 
and the standard errors of both techniques are 
comparable. There is a tendency for the simpler 
method to overestimate low flows and underestimate 
high flows. 

The venous occlusion method measures jugular 
vein blood flow and takes no account of that pro- 
portion of cranial blood which normally flows in 
vessels inaccessible to external compression. How- 
ever a model of cranial haemodynamics has now been 
proposed which takes account of the outflow curve, 
recorded after the release of jugular vein occlusion, in 
order to estimate the total cranial flow.99 The 
average contribution to total venous drainage by 
unoccluded channels was estimated to be in the 
region of 15%, and the correlation between total 
cranial blood flow and jugular vein blood flow was 
found to be very good, suggesting that jugular blood 
flow is a reliable index of total cranial blood flow. 


Conversion of circumference change to volume change. 
It can be shown that the percentage change in 
volume of the skull is approximately 3 times the 
percentage change in OFC,’ and this relationship 
can be used to convert the recorded rate of increase 
in OFC in mm/min per 100 mm OFC, to jugular 
blood flow in ml/min per 100 ml of cranial volume. 
Cranial volume was estimated from a power curve 
relating cranial volume to OFC, constructed from 


Fig.3 Rates of 
increase in cranial 
circumference for 45 
infants, measured at 
varying times after 
the end of a feed. 
The scale on the 
right of the graph 
shows derived values 
for jugular venous 
blood flow. The bars 
represent 2 SE on 
each side of the 
mean. 
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the data of Buda et al? The actual relationship was: 
Cranial volume (ml) — OFC? (cm)/89 
Fig. 3 carries an additional y-axis giving derived 
jugular blood flow in ml/min per 100 ml cranial 
volume. 


Results 


Fig. 3 shows rates of increase in the cranial circum- 
ference for 45 infants measured at varying times 
within 2 hours after the end of a feed. Mean rate of 
circumference increase fcr infants measured within 
30 minutes after the end of a feed was 10 mm/min 
per 100 mm OFC (SE 0:6 mm/min per 100 mm), and 
that for infants measured more than 30 minutes after 
the end of a feed was 14-3 mm/min per 100 mm OFC 
(SE 0-5 mm/min per 100 mm). This difference was 
significant (Wilcoxon's sum of ranks test, Z 4-45, 
P<Q-002). There were no significant differences 
between boys and girls. The fact that only four 
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infants in the study were bottle fed prevented 
any valid comparison between bottle and breast 
feeding. 

Fig. 4 shows circumference increase values in Case 
2. On the first feed of the first day of life, the difference 
in pre- and postfeed values was not significant, but 
on all other occasions when both pre- and postfeed 
values were available the postprandial fall in 
jugular blood flow was significant (P<0-001). The 
magnitude of the maximum fall in flow increased 
from 24% on day 1, to 43% on day 3, and 35% on 
day 7. 

Fig. 5 shows values for increase in circumference 
in relation to two feeds in Case 1. In both instances 
the postprandial fall in jugular blood flow was 
significant (P<0-002), being 40% at one time and 
41% at the other. The longitudinal studies show 
that immediate preprandial jugular blood flow 
values are similar to those found about 2 hours 
postprandially. 


Fig. 4 Serial rate of circumference increase 
measurements on Case Z on 6 days of 

life. The vertical panels represent days as 
indicated. The divisions on the abscissa 

are hours. A feed generally took about 

20 minutes and arrows indicate the 
midpoint of each feed. Bars show I SE 

on each side of the mean. 


Fig. 5 Rate of circumference increase 
values of Case 1 in relation to two feeds. 
Each feed took 20 minutes. Negative times are 
in relation to the start of the feed and 
positive times in relation to the end of 

the feed. Vertical bars represent 2 SE on 
each side of the mean. 
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Fig. 6 Correlation between circumference increase 
values derived by the method of analysis used 

in this study (first pulsation analysis) and the method 
using exponential curve fitting minus the first pulsation. 
The regression line for the two sets of data is shown as 
well as the line of identity. Bars show 1 SE on each 
side of the mean. Broken lines show the 95% confidence 
limits. The equation for the line of identity is of the 
form y = a + bx, where a— 19-03 and b = 0-45. 

r — 0-62. 


Discussion 


The results of this preliminary study support the 
suggestion of Cross et al.! that there is a temporary 
postprandial fall in brain blood flow in the normal 
infant. The fall appears to be between about 30 and 
4094, with the lowest values found in the first 
postprandial half hour. Further longitudinal studies 
(including intrafeed measurements) will be necessary 
to find the precise timing of the blood flow changes. 

Why neonatal cranial blood flow behaves in this 
way must be a matter for speculation. It does appear 
to be a peculiarity of the newborn. Rowe et al.,!° 
using the Kety method,” found no changes in adult 
cerebral blood flow or cerebral oxygen consumption 
after a standard meal. Further evidence of a difference 
in the circulatory response to feeding between 
newborn babies and adults was provided by Yao 
et al who found an average of 49% reduction in 
lower limb blood flow 30 minutes after the end of a 
feed in term infants. This contrasts with the work of 
Abramson and Fierst!? in which adult lower limb 
blood flow showed no response to a carbohydrate 
meal and only a late (2 hour) postprandial increase 
after a protein meal. In relative terms the 'standard 
meal’ of a neonate is considerably larger than the 


adult equivalent, and it may be that as the circulatory 
reserve of the newborn is more limited than that of 
the adult, a postprandial increase in splanchnic 
perfusion is met at the expense of other vascular 
territories, including to some extent the central ner- 
vous system. À purely passive reduction in cerebral 
perfusion seems unlikely however, as there is evidence 
of well developed peripheral vasomotor responses 
in the newborn; and even if perfusion pressure 
cannot be fully maintained, there is no reason to 
believe that neonatal cerebral blood flow is not 
autoregulated with respect to blood pressure, as it is 
in the adult? 

In addition to the possibility of passive redistribu- 
tion of the circulating blood volume, there are several 
factors that are known directly to influence cerebral 
blood flow, in adults at least, which require con- 
sideration in the context of postprandial change. The 
most potent of these influences is carbon dioxide. 
Increase in Paco, is associated with an increase in 
cerebral blood flow and the converse is true for 
depressions in Paco,. Knowledge about the effect of 
feeding on pulmonary ventilation and blood-gas 
status in the neonate is incomplete. Wilkinson and 
Yu!’ studied sick infants fed small volumes of milk 
(6 ml/kg) by nasogastric tube and found that Paco, 
was normal 10 minutes after the end of the feed but 
had fallen 30 minutes later; respiratory rate was 
raised significantly during the whole 30-minute study 
period. There is evidence from using venous occlusion 
plethysmography that the cranial blood flow of the 
neonate is at least as sensitive to blood-gas changes 
as is that of the adult (P M Rahilly, 1978, personal 
communication), but until the postprandial blood- 
gas status of the normally-fed healthy infant is 
established, firm conclusions cannot be made about 
cranial blood flow changes. 

Sleep state has been shown to affect cerebral blood 
flow in adults, with significantly higher flow in rapid 
eye movement sleep than in nonrapid eye movement 
sleep.!5 There have been similar findings in the 
normal newborn infant using jugular venous 
occlusion plethysmography (D Milligan, 1977, 
personal communication). In view of this the data 
were re-examined with respect to sleep state; in some 
infants sleep state had been judged according to 
traditional observational criteria. Tt was found that 
20 babies were recorded as being in nonrapid eye 
movement sleep. Of these, the 11 babies measured 
within 30 minutes postprandially had a mean jugular 
blood flow 50 % lower than the 9 measured more than 
30 minutes postprandially. Further studies are needed 
using electroencephalographic criteria for sleep state, 
but so far the findings suggest that the postprandial 
fall in blood flow is not due to differences in sleep 
state alone. 
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It seems reasonable to suggest that a postprandial 
fall in brain blood flow is without adverse effect in 
the healthy normal newborn infant, and it is 
important to realise that what has been observed is a 
fall in average flow to the cranium which may well be 
accompanied by a redistribution of flow within the 
brain itself, perhaps with favouring of areas most 
vulperable to ischaemia. It has yet to be established 
whether the preterm or sick infant shows the same 
responses, and whether tube feeding or intravenous 
feeding has a similar effect. It is perhaps in these 
areas that the venous occlusion method may produce 
information of clinical importance at a time when 
there is considerable debate about infant feeding 
patterns and regimens with a trend towards greater 
feeding volumes, especially in the preterm and small 
for gestational age infant. It seems appropriate to 
inject a word of caution, and to suggest that the 
human newborn may not be infinitely adaptable in 
his physiological responses. 


I thank Professor K W Cross for guidance, Dr J K. 
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T G Barnett designed and built the electronics, and 
Mr R Shew helped to make the gauges. 
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Emotional, behavioural, and educational disorders 
in diabetic children 


ANN GATH, M ALISON SMITH, AND J DAVID BAUM 


Department of Psychiatry, Borocourt Hospital, Reading, and Department of Paediatrics, John Radcliffe 
Hospital, Oxford 


SUMMARY This study assesses the emotional and educational status of a group of diabetic children 
and considers the interaction of these measurements with diabetic control. Information was collected 
on 76 diabetic children (43 boys and 33 girls) by means of interviews at their clinic and two question- 
naires, including the Rutter B2 behavioural scale, ?* which were completed by their schools. This 
information was compared with estimates of diabetic control. The mean age of these children was 
10-9 years and their mean duration of diabetes 3-5 years. Information was also obtained, by means 
of a questionnaire completed by teachers, on a group of nondiabetic children. Psychiatric disorder 
was not more common in the diabetic children than in the controls, but diabetic children were more 
backward at reading. 20 diabetic children were at least two years behind and 6 were between one and 
two years behind with reading. The figures for the nondiabetic children were 10 and 1 respectively. 
There was a correlation between poor diabetic control and the presence of psychiatric disorder, and 
backwardness in reading. In 39% of diabetic children there were adverse psychosocial factors in the 
family background. Poor diabetic control correlated with the presence of adverse psychosocial 
factors. In any serious attempt at achieving diabetic control in children, attention to insulin and diet 
must not be divorced from attention to the domestic, scholastic, and emotional problems of the child. 


All parents have problems in maintaining a balanced 
attitude while bringing up their children, and the 
parents of diabetic children have a particularly diffi- 
cult task as these children are often on a precarious 
metabolic tightrope. It is difficult for such parents to 
take the advice of Kanner? to steer a middle course 
between ‘uninformed carelessness’ and ‘frantic 
over-solicitude’. 

The control of diabetes is currently imprecise and 
this results in fluctuating levels of blood glucose. At 
the same time emotional stress produces metabolic 
changes in diabetic patients4~5 and can intensify the 
problems of metabolic instability. Furthermore the 
whole family of a diabetic child is affected to some 
degree by the emotional consequences of the disease.® 
In practical terms, the disease can frustrate the child 
by depriving him of his normal activity, or it can set 
him apart from other children producing timid 
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withdrawal or overt aggression according to 
temperament. The parents’ reactions to the child 
influence their management which directly affects the 
child's activities and the stigma he feels.” 

An American study of 50 diabetic children and 
controls,® found that similar proportions of the two 
groups were considered to have a good adjustment 
at school but that only 24% of diabetic children had 
a good adjustment at home, compared with 62% of 
controls. The results of a Swedish study? showed that 
the number of diabetic children judged to have 
psychiatric disorders was similar to that found 
among control children, although the diabetic 
children had a greater number of symptoms. 
However, the most striking finding in the Swedish 
study was the high incidence of psychiatric problems 
among the parents. A Scottish study!? later confirmed 
Sterky's results? finding that there was no excess of 
psychiatric disorder among diabetic primary school- 
children but that the mothers of diabetic children 
were more depressed and anxious than mothers of 
control children. 

The present study was undertaken to measure the 
emotional, behavioural, and learning problems in a 
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group of diabetic children attending one clinic with a 
uniform policy on diabetic management, and to 
assess how these findings related to levels of diabetic 
control. 


Methods 


Data on the family background and the child's 
emotional and behavioural state were collected for 
76 diabetic children. Each child attended the same 
clinic at 3-monthly intervals and saw the same 
paediatrician at each visit, Their ages ranged from 
5 to 16 years. The parents were interviewed routinely 
by the child psychiatrist after the child had seen the 
paediatrician. 

With the permission of the parents, each school 
was asked to complete a questionnaire about 
the child’s attitude and attainments at school. 
Additionally the school also completed the Rutter 
B2 behavioural scale for teachers: this assesses 
behaviour at school and contains 26 items, each one 
having a 3-point scale. This scale has been widely 
used to screen schoolchildren.i-? The school was 
asked to complete both types of questionnaire 
for an anonymous control child who was the 'next 
child of the same sex in the same class list going 
down'. 

Clinical assessment of diabetic control was made 
by the paediatrician at each visit from the daily 
records of urine analysis, symptoms of hypo- 
glycaemia and hyperglycaemia, and the record of the 
child's growth. The paediatrician assessed control as 
good (3), average or reasonable (2), or poor (1) at 
each visit, and the mean score for the period during 
which behavioural assessments were made (generally 
one year) was taken. 

Evidence for profound hypoglycaemic episodes 
was sought by studying the notes of the child to 
determine whether there had been cne admission, or 
more, from the time of diagnosis of diabetes, and 
whether such admission was associated with 
convulsions. 

Psychiatric disorder was taken to mean ‘an 
abnormality of behaviour, emotions or relationships 
sufficiently marked and sufficiently prolonged to 
cause handicap to the child himself and/or distress 
or disturbance in the family or community’.? The 
duration of the disorder thus excludes transient 
psychiatric symptoms during the period of adjust- 
ment after the diagnosis of diabetes. 


Results 


Data were collected on 76 diabetic children (43 boys 
and 33 girls). Their mean age was 10-9 (SD 2-8, 
range 5-16) years. The mean age at the onset of 


diabetes was 7-5 (SD 3-5, range 1-14) years. 28% 
had a family history of diabetes. In 11 (14%) cases a 
first-degree relative had the disease and in this group 
were two pairs of brothers attending the clinic. 


Family background. Significant psychosocial factors 
in the family background were present in 30 (39 7) of 
the 76 children (Table 1). The factors were class:fied 
according to axis V of the multiaxial classification 
from the World Health Organisation's International 
Classification of Disease 9th version.“ No similar 
data were available for the control children who 
remained anonymous to the investigators. 


Psychiatric disorder recognised at the clinic. Five zirls 
and 9 boys were recognised as having psychiatric 
disorders at the diabetic clinic. With the exception of 
one, all the parents were aware of a problem waich 
needed help. The exception was a somewhat hostile 
mother who denied that her obviously unhappy, 
withdrawn daughter had more problems than other 
girls have. The types of psychiatric disorder 
recognised are shown in Table 2. One boy and one 
girl who had temporary symptoms lasting only a few 
weeks after the onset of diabetes were not included, 
as these symptoms were regarded as transient 
adjustments. 


Behavioural deviancy at school. Schools completed 
the Rutter B2 forms on 70 (30 girls and 40 boys) of 
the 76 diabetic children. Forms were not returned for ' 
3 girls and 3 boys. Seven (23%) girls were rated as 


Table 1 Psychosocial factors in the families of 76 
diabetic children 


Psychosocial factor ICD 9 code Children 
No. X 
Mental disturbance in family member 01 2 3 
Discordant family relationships 02 9 12 
Lack of warmth 03 1 1 
Parental over-involvement 04 5 5 
Inadequate or 1nconsistent care 05 1 i 
Single parent family 09 7 2 
Immigration/social transplant 11 l 1 
Other 1ntrafamilial stress 13 4 3 


Table 2 Psychiatric disorders recognised at the clint: 
in 76 diabetic children 





Type of disorder Boys Girls 
(n= 43) (n233) 
Neurotic* 3 3 
Conduct] 4 1 
Mixed neurotic and conduct 2 1 





*Predominantly overt misery, fears, and anxiety. 
+Predominantly disobedience, stealing, and aggression. 
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deviant by the teachers with a score of at least 9 on 
the B2 scales. Six of these girls had predominantly 
neurotic symptoms. Seven (17-592) boys were 
rated as deviant by the teachers with B2 scores of at 
least 9. Three of these had predominantly neurotic 
symptoms, 3 had predominant disorders of conduct, 
and one was mixed. Slightly fewer of the control 
children were deviant (Table 3). This difference is not 
statistically significant (y? test, P>0-05). 


Psychiatric disorders identified by the parents at the 
clinic and by teachers. 14 children with psychiatric 
disorders were identified in the clinic by interviewing 
the parents. The B2 questionnaires also identified 14 
children whose behaviour or emotional state was 
rated as deviant at school. Eight children (3 girls 
and 5 boys) were common to both groups, so that 
20 children with emotional or behavioural dis- 
turbances were found in the sample of 76 children 
(Table 4). All the 8 children identified by teachers at 
school and parents at the clinic had a combination of 
psychiatric, social, and educational problems, and 
their disturbances were predominantly those of 
conduct—disobedience, truancy, stealing, and 
aggression. Neurotic symptoms of fearfulness, 
anxiety, and misery were a prominent feature of the 
6 children identified only at the clinic. 


Backwardness in reading. Data on reading attainment 
were available on the 70 children for whom schools 
completed both questionnaires. 20 (28:597) of the 
diabetic children and 10 (1997) of the controls were 
at least 2 years behind chronological age in reading. 
Six (8-522) of the diabetic children and one (1:59) 
control child were slightly retarded in reading, 
being at least one year but less than 2 years behind 
chronological age in reading (Table 5). More of the 
diabetic boys (13) than girls (6) were seriously 


Table 3 Behavioural deviancy recognised at school 


Diabetic Controls 
(n=70) (n=70) 
Boys 7 3 
Girls 7 6 


*Number of children with deviant scores according to Rutter's B2 
behavioural scale. 


Table 4 Psychiatric disturbance detected at school 
(questionnaire) and at clinic (parent interview) 


Source of identification Girls Boys 
(n= 33) Gm 43) 
School only 4 2 
Clinic only 2 4 
School and clinic 3 5 





retarded in reading but the difference was not 
significant. It must be stressed that no measures of 
intelligence were used and the problem was one of 
general reading backwardness rather than specific 
reading retardation. 


Duration of illness. 18% of the children had had 
diabetes for at least 6 years, 57% had had diabetes 
for between 2 and 6 years, and 25% had developed 
diabetes within 2 years of assessment. There was no 
relationship between duration of illness and 
psychiatric disorder or reading problem in the group 
as a whole, or in boys or girls considered separately. 


Family history. Psychiatric disorders were not more 
commonly found than reading problems in the 11 
(1494) children who had a first-degree relative with 
diabetes, nor were they more common in the 18 
(2492) with a family history of diabetes affecting a 
more distant relative. 


Associations with diabetic control. Adverse 
psychosocial factors in the family background were 
found to be associated with less good control of 
diabetes as judged by the paediatrician at the clinic 
(Table 6). 

Psychiatric problems were more common in 
children whose diabetes was poorly controlled 
(Table 7). An association was also found between 
backwardness in reading and poor diabetic control 
(Table 8). 

Backwardness in reading was not more common in 


Table 5 Backwardness in reading reported by schools 
for 70 diabetic children and 70 controls 


Backward in reading 
Retarded by at Retarded by Not 
least 2 years 1-2 years retarded 
Diabetics (n 70) 20 6 44 
Controls (n =70) 10 1 59 
X2 m 9-089, df = 2. 
P«0-02. 


Table 6 Adverse psychosocial factors and clinical 
assessment of diabetic control in 76 diabetic children 


Clinical assessment of diabetic control 


Poor* Fairt Goodt 
Adverse 

factors in family 

background 12 17 i 
No mafor psychosocial 

problems 8 25 13 


y? m 9.597, df = 2. 
P«0.01. 
“Mean score «2-0, tmean score 2: 0-2*49, mean score 2: 5 or more, 
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children known to have had serious episodes of 
hypoglycaemia leading to hospital admission with 
or without convulsions (Table 9). 

10 children had psychiatric disorders, were 
seriously backward in reading, and had adverse 
psychosocial factors in the family background. 
These disadvantages did not appear to be cumulative 
in their effect since poor control was related to any of 
the three, and was not more common in children 
with two or all three (Table 10). The numbers are not 
large enough to allow clear distinction between 
the three handicaps. However, the influence of 
psychosocial factors on reading problems is evident 
only when the diabetes is well controlled (Table 11). 
Half the children with poorly controlled diabetes 
were retarded in reading. 


Table 7 Behavioural and emotional problems in 76 
diabetic children and clinical assessment of diabetic 
control 


Clinízal assessment of diabetic control 


Poor Fair Good 
Problems at school or 
home 11 0 
No psychiatric 
problems 11 31 14 
y2 = 8 543, df = 2 
P<0-02, 


See footnote to Table 6 for scores. 


Table 8 Poor readers and clinical assessment of 
diabetic control m 70 diabetic children 


Clrmreal assessment of diabetic control 





Poo- Fair Good 
Poor readers (at least 
2 years behind) 10 9 1 
Not retarded /slightly 
retarded in reading 10 29 11 
x2 = 7-3197, df = 2. 
P«0 02. 


Sec footnote to Table 6 for scores. 


Table 9 Backwardness in reading and admissions for 
hypoglycaemia in 70 diabetlc children 





Retarded in reading 
Atleast 28 Shghtly 
months retarded or 
not at all 
Admission for hypoglycaemia and 
convulsions 2 4 
Admission for hypoglycaemieg (no 
convulsions) 2 3 
No admission for hypoglycaemia 16 43 





x2 = 0-5026 NS. 


Table 10 Clinical assessment of diabetic control 
related to additional handicaps of psychiatric disorder, 
adverse psychosocial factors, and backwardness in 
reading occurring in isolationt or together® in 76 
diabetic children 





Diabetic control 3 Aandicaps* 2 handicapr* Only 1 None 
handicap* 

Poor 5 4 7 4 

Fair or good 5 5 15 31 


Any of the 3 handicaps] 
Poor 16 
Fair or good 25 
yt we 6:49, df == 3 NS 
e Í 


tx? = 6 06, df . 
P«O0 02. 





Table 11 Diabetic children: backwardness in reading 
by at least 2 years 





Diabetic control Retarded in 


reading in reading 


No. CO No (9X 


*Fair or good (n = 56) 


With psychosocial problems (n — 18) 6 (33) 12 (671 

Without psychosocial problems (n==38) 4 (10) 34 (901 
Poor (n-—20) 

With psychosocial problems (n = 12) 6 (50) 6 (501 

Without psychosocial problems(n=8) 4 (50) 4 (501 


*X2 m 7.407, P «0-02, df = 2. 


Psychiatric problems were more common in 
children from homes with psychosocial disadvantage 
in both the well controlled and poorly controlled 
children. 


Discussion 


Diabetes in a child produces emotional stress both 
on the child and his family. Among the 76 diabetic 
children in the present study, in addition to the stress 
resulting from diabetes, more than one-third (39%) 
of the families were under stress from pre-existing 
adverse psychosocial circumstances. No psychosocial 
data were available from the control children ın the 
school, but a study on 119 first-born children in the 
same area shows that 21% of such families have 
similar problems. 

Teachers’ reports showed that the diabetic 
children were not seen as having behavioural or 
emotional problems at school more often than other 
children in the class. The numbers rated as deviant by 
the teachers tallied with the numbers identified by 


Not retarded “~~ 


~% 


interviewing parents at the clinic. Some children were ~e- 


regarded as deviant only at school, while otbers 
only at home, and a proportion in both places. This 
study, unlike others,3-? did not therefore suggest 
that diabetic children are more likely to have 
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behavioural or emotional disturbance than other 
children. 

Nearly twice as many diabetic children as control 
children were seriously retarded in reading as 
reported by the schools. Since the children had not 
been tested for intelligence, no allowance could be 
made for this. Backwardness in reading seems 
unrelated to major hypoglycaemic attacks and 
children who had had one hospital admission or 
more because of hypoglycaemia (with or without 
associated convulsions) were no more likely to be 
severely retarded in reading than diabetic children 
who had never been admitted in hypoglycaemia. 
However, children whose diabetic control was 
assessed clinically as poor during the period of study 
were more likely to be poor readers. 

Clinical assessment of diabetic control during the 
period that the school assessments were made was 
shown to be significantly related to the incidence of 
behavioural disorders, backwardness in reading, and 
to the presence of adverse psychosocial circum- 
stances. 

It is generally agreed that good diabetic control 
protects against the long-term microvascular com- 
plications of diabetes.^ As it is recognised that 
emotional stress can directly affect metabolic 
stability in diabetic patients, any serious attempt at 
achieving diabetic control should also consider the 
social circumstances and emotional climate of the 
family as well as the insulin and dietary regimens. 


A G was supported by the Medical Research 
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Oral rehydration therapy for treatment of rotavirus 
diarrhoea in a rural treatment centre in Bangladesh 
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and Infectious Diseases, Bethesda, Maryland, USA 


SUMMARY In November 1977, an enzyme-linked immunosorbent assay for detecting rotavirus 
antigen was introduced in the laboratory of a rural treatment centre in Bangladesh. During the next 
40 days rotavirus without other pathogens was found in the stools of 216 (45 77) of 480 children under 
age 5 years who visited the centre with a gastrointestinal illness. 188 (87 ?;) of these children were 
treated with oral rehydration alone, using the solution currently recommended by the World Health 
Organisation, while 28 (13 %) also required some intravenous rehydration; there were no deaths. 
Oral rehydration treatment was judged successful in 205 (95 ?/) of the rotavirus patients and was not 
associated with any serious side effects. Oral rehydration treatment, with this solution, has been used 
extensively and successfully in the treatment of enterotoxin-mediated diarrhoea and can also safely 


be used for treating rotavirus diarrhoea in infants and young children. 


Rotaviruses have been identified as a cause of 
gastroenteritis in infancy and early childhood in 
many parts of the wcrld including some developing 
countries." ^* Because rotavirus disrupts the structure 
of the small intestine and generally causes diarrhoea 
in infants and young children, there is concern about 
whether the oral glucose electrolyte solution 
recommended by the World Health Organisation 
(WHO) (which contains 90 mmol/l sodium and 
111 mmol/l glucose) can be used on a large scale for 
standard treatment of rotavirus diarrhoea." An 
enzyme-linked immunosorbent assay (ELISA) for 
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rotavirus detection was recently developed; it has 
been described as being rapid, accurate, sensitive, 
and suitable for field work.9? In November 1977 we 
introduced ELISA in the laboratory of our rural 
treatment centre for use when routinely examining 
stools from patients with gastroenteritis. We 
describe here the outcome of rehydration treatment 
during the subsequent 40-day period, using the 
solution recommended by WHO, on 216 children 
aged under 5 years. 


Materials and methods 


Matlab Hospital is the rural treatment centre of the 
International Centre for Diarrhoeal Diseases Re- 
search, Bangladesh (formerly the Cholera Research 
Laboratory). It is about 40 miles south-east of 
Dacca and is the primary treatment centre for 
gastrointestinal illness, serving a population of 
about 269 000. Medical care at the centre is given 
by paramedical staff under supervision of a 
physician. Before treatment is started, a brief 
history is obtained and the patient is weighed. AII 


~ 


patients are treated on cholera cots to determine the—- 


accurate stool volume. At the time of the evaluation 
patients who did not appear clinically dehydrated on 
presentation, or who were slightly dehydrated 
(judged elinically to have lost up to 5% body weight), 
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received oral glucose electrolyte solution prepared 
at the centre following WHO guidelines.” Mothers 
were instructed to give oral fluid to these children ad 
lib. in frequent small feeds and were encouraged to 
continue breast feeding. Those patients presenting 
with moderate (5-10% body weight loss) or severe 
(>10% body weight loss) dehydration were initially 
given intravenous rehydration fluid according to a 
standard regimen to replace initial losses, and then 
given the oral rehydration solution ad lib. to replace 
continuing losses. Plain water was offered later in 
the course of treatment to any child who appeared 
thirsty but showed no evidence of dehydration, or 
if requested by his mother. 

In the course of receiving oral rehydration 
treatment, any patient in either group who was 
judged by the staff to be unable to consume enough 
oral fluid to match fluid loss (diarrhoea and vomitus) 
because of persisting vomiting or high purging rates, 
or both, was considered an oral treatment failure and 
was then given fluid intravenously. Patients were 
sent home when they were fully rehydrated and their 
diarrhoea minimal (generally less than 5-10 ml/kg 
and usually no diarrhoea in the previous 8-hour 
period). Before discharge each patient was weighed. 

From 17 November 1977 two rectal swabs were 
obtained before treatment from any patient living 
in our vaccine trial surveillance area. The first 
rectal swab was used to test for bacterial patho- 
gens including vibrio, salmonellae, and shigellae 
using standard procedure!? and for enterotoxigenic 
Escherichia coli as previously described. The second 
rectal swab was placed in phosphate buffered saline 
pH 7:4andtested for rotavirus antigen by the ELISA 
of Yolken er al.5 using the 2-antibody technique.? 


" Blocking tests were performed in specimens from 


120 cases and were positive in all. Any patient in 
whom rotavirus was identified in his stools was 
defined as a case of rotavirus. 


Results 


480 patients under age 5 years who visited the 
treatment centre with gastroenteritis between 17 
November and 26 December 1977 were studied. 
Rotavirus was identified in 232 (48°) of them. In 
16 (3%) of the 232 cases a bacterial pathogen was 
also isolated; these cases were excluded from this 
analysis. 

The mean age of patients with rotavirus was 
11-8 months; 99% of the children were younger than 


—2 years and 93% were between 6 and 23 months. The 


highest frequency of detection was in the 12- to 17- 
month age group where 97 (64 95) of 152 children had 
rotavirus infection. The male to female ratio was 
172:1. 


Clinical features of the rotavirus cases are shown 
in Table 1. Diarrhoea and vomiting were almost 
universal. The diarrhoea was described as watery in 
most cases; bloody diarrhoea was reported by only 
one. 62 (29%) patients reported a history of fever, 
and fever (737-:89C rectally) was documented in 45 
(2297) cases. On presentation to the centre most of 
the rotavirus cases had slight dehydration or none; 
only 9% had moderate or severe dehydration. 
Patients were treated a mean of 16 hours and purged 
on the average 131 ml/kg (excluding 36 patients who 
did not purge after visiting the centre). The 
maximum amount of total stool purged was 1990 ml. 
Average amount of total fluid intake in all patients 
was 130 ml/kg. Plain water was consumed by 5% 
of patients. Mean weight gain after rehydration was 
100 g, or 1-4 5 body weight. 

The outcome of treatment of these patients is 
shown in Table 2. Nine (5%) of the 197 cases with 
slight dehydration or none and treated initially with 
oral fluid, and 2 (11 92) of the 19 moderate or severely 
dehydrated cases who were treated initially with 
intravenous fluid were oral fluid failures; the 
overall oral treatment failure rate was 5%. Oral 
treatment successes decreased with increasing 
degree of dehydration and, as expected, were 





Table 1 Clinical characteristics of 216 patients with 
rotavirus 
Symptoms and signs No. Frequency (%) 
Diarrhoea 214 99 

Watery 202 94 

Mucous 52 24 

Bloody 1 «I 
Vomiting 207 96 
Fever (reported) 62 29 
Dehydration 

None 121 56 

Slight 76 35 

Moderate * GT 8 

Scvere : 2 1 
Fever (> 37-8°C rectal) 45 22 


Mean duration diarrhoea before visit, 37 + 2-1 hours.* 

Mean duration of treatment, 16 + 1:8 hours. 

Mean purging rate, 131 + 21 ml/kg discharge weight. 

Mean total fluid intake, 130+ 17 ml/kg discharge weight. 

Mean weight gain after rehydration, 100 + 21 g (1-4 + 0-4% body 
): 


weight 
* All mean values recorded with -+ I SEM. 


Table 2 Outcome of oral treatment of 216 patients 
with rotavirus 


Initial treatment Oral treatment 

Success Fatiure* 
Oral (n = 197) 188 (95) 9 (5) 
Intravenous (n = 19) 17 (89) 2 (11) 
Total (n = 206) 205 (95) 11 (5) 


*Requiring unscheduled treatment intravenously. 
Percentages are given in parentheses. 
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Table3 Frequency of oral rehydration successes 
by dehydration status in rotavirus cases 





Dehydration No. cases Successes with oral treatment 
No. pA 

None 121 119 98 

Sight 76 69 90 

Moderate/severe 19 17 90 


Success rate higher in group with no dehydration than in those with 
slight, moderate, and severe dahydraticn (x? = 6-73, P «0-01). 


significantly more common in the group with no 
dehydration at the time of hospital visit (Table 3). 
Vomiting occurred during the course of oral 
treatment in 9 (82%) failures and 65 (3222) oral 
treatment successes (P<0-001). There were no 
deaths and no serious side effects associated with the 
rehydration. 

We found that the ELISA was easy to use and 
could be read with the naked eye. Almost all reactions 
could be read as clearly positive or negative within 
10—15 minutes after adding the substrate to the plate. 
The average room temperature in our field laboratory 
was 35°C, 


Discussion 


The use of the ELISA in our field laboratory has 
shown us the great importance of rotavirus as an 
aetiological agent in infants and young children in 
our population and has helped to evaluate the 
effectiveness of oral rehydration in the treatment of 
rotavirus diarrhoea. Our finding that during this 
40-day period 48% of cases in children below age 
5, most of whom were 6—24 months, were associated 
with this pathogen is similar to results reported from 
other developing? anc developed countries. We 
are currently studying the seasonal pattern of the 
disease to see what proportion of persons with 
rotavirus infection in our field area visit our centre 
for treatment. The almost universal symptoms were 
diarrhoea with vomiting, sometimes with fever, as 
has been described by others.? 14716 However, unlike 
the impression given in other studies, we found that 
the disease has a broad clinical spectrum; 56% of our 
patients had no evidence of dehydration on presenta- 
tion and 17% did not purge while under treatment. 

Oral rehydration treatment was successful for 
treating rotavirus diarrhoegz in 95% of children. 
Intravenous rehydration was required initially in 
only 9% of cases and eventually in only 13%. These 
numbers are a little higher than those reported 
previously in other carefully controlled studies of 
rotavirus diarrhoea in our urban hospital‘ and at 
another hospital! bu: this can be attributed to the 
more difficult circumstances in our rural centre 


where our paramedical staff are faced with treating a 
much greater number of patients under less closely 
supervised conditions. Those who failed on oral 
treatment in our centre generally had some dehydra- 
tion on initial presentation or had repeated attacks of 
vomiting. Vomiting however was not a major 
problem; 88% of children who vomited in the 
hospital were successfully treated orally. 

We found that in our treatment centre, where 
infants and young children are generally breast fed, 
the oral rehydration fluid, which has the electrolyte 
composition currently recommended by WHO 
and contains 90 mmol/l sodium and 111 mmol/l 
glucose, can be used without serious side effects for 
treatment of rotavirus diarrhoea. Since this formula- 
tion has now been demonstrated to be safe and 
efficacious in adults and in infants and young 
children with enterotoxin-mediated diarrhoea? 18 
(enterotoxigenic E. coli diarrhoea, and cholera), 
which together with rotavirus are responsible for 
about 75-80% cases of diarrhoea seen at our 
treatment centre,!? we feel that its use can be justified 
for treatment of all our cases of acute diarrhoea. 
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Immunoglobulin-containing cells in jejunal mucosa 
of children with protein—energy malnutrition and 
gastroenteritis 


F GREEN AND B HEYWORTH 
Department of Pathology, University of Manchester, and Medical Research Council, Fajara, Gambia 


SUMMARY  Jejunal biopsies from 20 well nourished children (average age 12-8 months) with gastro- 
enteritis, and 20 children (average age 20 months) with protein-energy malnutrition were examined 
by immunofluorescent technique for immunoglobulins A, G, M, E, and D, and for epithelial 
glycoprotein secretory component. Compared with previous studies on normal infants, the children 


with gastroenteritis showed a moderate increase in IgA-containing cells, a large increase in IgM- ` 


containing cells, and no change in IgG-containing cells. These findings are similar to previously 
recorded findings on adults with gastroenteritis. In contrast there was a pronounced and highly 
significant decrease in IgA-containing cells in the jejunal mucosa of the children with protein-energy 
malnutrition. No significant differences were noted between the populations of IgG-, IgM-, IgE-, 
and IgD-containing cells in the two groups. It is suggested that this selective deficiency in mucosal 
IgA results from a delay in maturation of the secretorv IgA system, and the mechanisms of such a 


deficiency are discussed. 


Infections, particularly of the respiratory and gastro- 
intestinal tracts, are common in malnourished 
children.! Malnutriion can impair resistance to 
infection in many ways, particularly by producing a 
deficiency in host defences. Various abnormalities of 
the immune mechanism in children with protein- 
energy malnutrition (PEM) have been shown—such 
as lymphopenia,? complement defects,? depressed 
cell-mediated immunity,4~? and reduced phagocytic 
activity of leucocytes. However, the levels of serum 
immunoglobulins have been reported to be 
normal?-3! Several recent reports have described 
abnormalities of the secretory IgA (S IgA) response 
in PEM, such as a reduced nasopharyngeal secretory 
antibody response to live attenuated measles and 
polio virus vaccines," a selective deficiency of S IgA 
in the nasal secretions,!? and a decreased concentra- 
tion of SIgA in duodenal fluid, saliva, nasal 
secretions, and tears. No studies have quantified 
the immunoglobulin-containing cells in the jejunal 
mucosa in PEM. In view of the importance of the 
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secretory antibody system in mucosal immunity, this 
aspect was studied in a group of children with PEM 
and the results were compared with a group of well 
nourished children with acute gastroenteritis. 


Materials and methods 


Jejunal biopsies were taken by the double-lumen 
technique described previously.1* The biopsies were 
from African children in the MRC Research Unit, 
Fajara, Gambia, with the consent of the parents. 
The patients were divided into two groups; the first 
comprised 25 children suffering from marasmus, 
kwashiorkor, or marasmic-kwashiorkor. Their ages 
ranged from 9 to 34 months, with a mean age of 20 
months; the second group comprised 20 well 
nourished children with acute gastroenteritis. Their 
ages ranged from 4 to 33 months, with a mean age 
of 12-8 months. Clinical details of the children with 
PEM have been given.74 

The jejunal biopsies were quickly frozen in liquid 
nitrogen, mounted on cryostat chucks, and a series 


of 5 um sections obtained. The biopsy was then ^ 


removed from the chuck, immersed in formalin 
solution, and processed for routine light micro- 
scopical examination. The cryostat sections were 
fixed in acetone for 3 minutes and air dried. 
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Sections were stained by both direct and indirect 
immunofluorescent procedures using commercially 
available antisera to the heavy chains of human IgA, 
IgG, IgM, IgD, and IgE, and to human secretory 
component. Sources of reagents and details of the 
method and controls have bzen reported.!^ 

Stained sections were viewed in a Leitz Ortholux 
microscope equipped for fluorescence microscopy. 
The numbers of fluorescent cells in the mucosa were 
quantified using an eye piece grid at x 100 magni- 
fication. Cells from at least 10 high power fields were 
counted and results were expressed as numbers of 
fluorescent cells per mm? of mucosa. 


Results 


Light microscopical examination. Haemotoxylin and 
eosin-stained sections of 18 of the 25 biopsies from 
children with PEM were considered of sufficiently 
good quality to be interpretable; 10 of these were 
considered normal for African children on double- 
blind examination. The remaining 8 showed varying 
degrees of villous atrophy. In the group with gastro- 
enteritis, 10 of the 17 good quality sections were 
assessed as normal, and 7 showed partial villous 
atrophy. 


Fluorescent microscopical examination. 


Acute gastroenteritis 

All 20 biopsies were of sufficiently good quality for 
fluorescent microscopical examination. Fluorescent 
cells were detected in the lamina propria of the 
mucosa in all cases and were particularly numerous 
in the region of the crypts. Restaining sections with 
haematoxylin and eosin showed that these cells had 
the morphological characteristics of either plasma 
cells or large lymphoblasts. In 15 specimens IgA- 
containing cells predominated in the lamina propria; 
in the remaining 5 specimens cells staining for IgM 
equalled or exceeded those staining for IgA. IgG- 
containing cells were fewer than IgA- or IgM- 
containing cells. Very few IgE- or IgD-containing 
cells were seen and in many cases these were absent. 
In view of their limited number these cells were not 
quantified. The means and SDs for the populations 
of immunocytes staining for IgA, IgM, and IgG 
are shown in the Table. The ratio of IgA:IgM:IgG 
was approximately 10:7:1. IgA was detected in the 
apical cytoplasm and along the cell borders of the 
columnar epithelial cells of the crypts. Similarly 
distributed intraepithelial IgM was seen in most cases. 
Intraepithelial IgG was not seen. Secretory com- 
ponent was seen in the columnar epithelial cells of 
both crypts and villi, and was uniformly distributed 
throughout the cytoplasm. 


Table Immunoglobulin-containing cells in the jejunal 
mucosa 





Group IgA-containing IgM-containng IgG-containing 
cells/mm? cells|mm? cells/mm 
(meant SD) QGneant+SD) (neaniSD) 
Gastroenteritis 705 94166-3 465-94211-2 73-3+78-9 
(n <= 20) 
Protein-energy 454 64156-8 393-74142-5 40 8435.8 
malnutrition 
(n= 20) 


*P «0-001 NS 


*Student's f test assuming a normal distribution within the groups. 


NS 


Protein-energy malnutrition. Only 20 of the 25 
specimens were of suitable quality for immuno- 
fluorescent studies. Four samples were rejected 
because there was insufficient tissue and one because 
it consisted of stomach. Fewer cells staining for IgA, 
IgM, and IgG were found in the mucosa of children 
with PEM than in children with gastroenteritis 
(Table). The differences between the number of IgM- 
and IgG-containing cells were not significant. There 
was however, a pronounced and significant reduction 
(P «0-001) in the number of IgA-containing cells. 
The ratio of IgA:IgM:IgG was approximately 
7:6:0:5. IgE- and IgD-containing cells were en- 
countered very rarely and were not quantified. Intra- 
epithelial IgA, IgM, and secretory component 
showed a distribution similar to that seen in patients 
with gastroenteritis. 


Discussion 


There have been no previous studies of immuno- 
globulin-containing cells in the jejunum of children 
with PEM. A control population was not used 
because it was considered unethical to carry out 
biopsies on normal infants. Therefore, well nourished 
children of the same cultural and ethnic background 
with gastroenteritis served as controls. This limita- 
tion to the study design made the interpretation of 
the data somewhat difficult. Fortunately we were 
able to compare our data with the results reported 
by Savilahti.18 

On a population of 13 normal white infants aged 
between 3 months and 2 years, Savilahti! showed 
that the means for IgA-, IgM-, and IgG-containing 
cells were 580 (4-193), 205 (+144, and 68 (--47) 
cells per mm? of mucosa respectively. In our study 
the means of IgA-, IgM-, and IgG-containing cells 
in the gastroenteritis patients were 705-9 (4-166-3), 
465-9 (4211-2), and 73-3 (478-9) cells per mm? 
respectively. Thus in gastroenteritis, there appears to 
be a moderate increase in IgA-containing cells, a 
large increase in IgM-containing cells, and no 
change in IgG-containing cells. Similar findings were 
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reported by Søltoft and Sgeberg!’ in a serial study 
of adult patients with gastroenteritis in which 
increases in IgA- and IgM-containing cells were 
shown but not in IgG-containing cells. 

The PEM group, on the other hand, show a 
reduction in numbers of IgA- and IgG-containing 
cells, and an increase in IgM-containing cells when 
compared with Savilahti's normal infants. Thus, in 
PEM there appears to be an absolute decrease in the 
number of IgA-coniaining cells in the jejunal 
mucosa. However, these conclusions must be inter- 
preted with caution as the populations being 
compared were racially and geographically distinct. 

If the numbers of immunocytes in the jejunal 
mucosa in PEM are compared with those seen in 
gastroenteritis there is a highly significant (P « 0-001) 
decrease in the population of IgA-containing cells. 
Significant differences were not found in the popula- 
tions of either IgM- or IgG-containing cells. This, 
taken in conjunction with the observations above, 
suggests that PEM is characterised by a selective as 
well as an absolute decrease of IgA-containing cells 
in the jejunal mucosa. It is also supported by other 
studies which showed a decrease of IgA in the 
secretions of children with severe PEM.4 1% In 
those studies equivalent reductions in other proteins 
in the secretions were not observed, indicating the 
selective nature of the decrease. 

A selective decrease of SIgA could occur in PEM 
as a result of increased catebolism of S IgA, faulty 
synthesis of S IgA components secondary to amino- 
acid deficiency, failure of terminal differentiation of 
IgA cells, immaturity of the S IgÀ svstem, or as a 
result of maternal malnutrition during pregnancy. 
There is no evidence either to support or reject the 
possibility of increased breakdown of SIgA, but 
this is unlikely in view of the increased resistance of 
S IgA to proteolysis.? Faulty synthesis of S IgA 
is unlikely in view of the fact that secretory com- 
ponent appears to be present in normal amounts in 
the jejunal mucosa and IgA appears to be present in 
normal amounts in the serum. However, a 
failure in synthesis of the J-chain which links the IgA 
monomers to form the IgA dimer essential to 
secretion!® cannot be excluded. Studies in animals 
and in isolated IgA deficiency in humans have shown 
that IgA (but not IgM or IgG) requires an intact 
T-cell system for the final differentiation of IgA- 
bearing lymphocytes into ectively secreting plasma 
cells. The clinical similarities between isolated 
IgA deficiency and PEM, ?-** the lymphopenia,* 
and depressed cell-mediated immunity recorded in 
PEM,; support the possibility of a failure in 
terminal differentiation of the IgA system. However, 
the normal values recorded for serum IgA in PEMH 
do not. Several lines of evidence suggest the S IgA 


system in man is slow to develop, taking several years 
to reach full maturity.9 2-2 The hiatus in IgA 
production during infancy appears to be bridged 
by an increased secretion of IgM.** The greatly 
reduced numbers of IgA-containing cells with 
relatively normal numbers of IgM-containing cells 
in PEM may indicate that the maturation process 
of the S IgA system is retarded in this condition. 
The final possibility is that maternal malnutrition 
precedes the development of PEM in the infant. 
Chandra®’ has shown that inbred rats fed a calorie- 
restricted diet during pregnancy developed lympho- 
penia and a reduced antibody response to sheep red 
blood cells and that these abnormalities extended to 
the well nourished F, and F, generations. While 
there is no evidence either for or against this pheno- 
menon in humans, research in this area could well be 
fruitful. 

Whatever the cause of the SIgA deficiency in 
PEM it would appear that it can be largely corrected 
by a high protein/calorie diet. 15 However, despite 
a full clinical recovery, the S IgA levels in the infants 
studied by Sirisinha did not fully return to normal, 
raising the interesting possibility that the S IgA 
deficiency preceeded the malnutrition. To what 
extent S IgA deficiency precedes or follows malnutri- 
tion can only be determined by prospective studies. 
The relationship between malnutrition and S IgA 
deficiency is shown diagrammatically in the Figure. 
It is clear that once this cycle is established the 
affected infant is locked into a sequence of events that 
may lead to death, as bacterial overgrowth in the 
jejunum will lead to the additional feature of mal- 
absorption in an already malnourished child. 
Fortunately this process can be reversed by an 
adequate diet; however in a world in which one-fifth 


of the population is seriously undernourished the W 


identification of cther, specific, risk factors—such as 
maternal malnutrition and poor hygiene, and elimina- 
tion of waste—may be a more cost effective way of 
coping with the problem. 


Malnutrition 


Matabsorpton SigA Deficiency 


Bacterial overgrowth 


Figure Possible relationship between protein-energy 
malnutrition and S IgA deficiency. 


References 


1 Phillips I, Wharton B. Acute bacterial infection in 
kwashiorkor and marasmus. Br Med J 1968; 1: 407-9. 

2 Chandra R K Immunocompetence in undernutrition. 
J Pediat: 1972; 81: 1194-200. 


~ 


1 


i 


1 


1 


1 


1 


3 


d 


- 


t 


= 


bt 


~ 


tA 


Immunoglobulin-containing cells in jejunal mucosa of children 383 


Sirisinha S, Suskind R, Edelman R, Charupatana C, 
Olson R E. Complement and C3-proactivator levels in 
children with protein-calorie malnutrition and effect of 
dietary treatment. Lancet 1973, i: 1016-20, 

Bhaskaram C, Reddy V. Cell mediated immunity in 
protein-calorie malnutrition, J Trop Pediatr 1974; 20: 
284-6, 

Moore D L, Heyworth B, Brown J. PHA-mduced 
lymphocyte transformations in leucocyte cultures from 
malarious, malnourished, and control Gambian children. 
Clin Exp Immunol 1974; 17: 647-56. 

Heyworth B, Moore D L, Brown J. Depression of 
lymphocyte response to phytohaemagglutinin in the 
presence of plasma from children with acute protein- 
energy malnutrition. Clin Exp Immunol 1975, 22: 72-7. 
Moore D L, Heyworth B, Brown J Effects of autologous 
plasma on lymphocyte transformation 1n malaria and in 
acute protein-energy malnutrition: comparison of purified 
lymphocyte and whole blood cultures. Immunology 1977; 
33: 777-85. 

Selvaraj R J, Seetharam Bhat K. Metabolic and bacterici- 
dal activities of leucocytes in protein-calorie malnutrition. 
Am J Clin Nutr 1972; 25: 166—74 

Keet M P, Thom H. Serum immunoglobulins in kwash- 
iorkor. Arch Dis Child 1969; 44: 600-3. 

McFarlane H, Reddy S, Adcock K J, Adeshina H, 
Cooke A R, Akene J. Immunity, transferrin, and survival 
in kwashiorkor. Br Med J 1970; iv: 268-70. 

Reddy V, Raghuramulu N, Bhaskaram C. Secretory IgA 
in protein-calorie malnutrition Arch Dis Child 1976; 51: 
871-4. 

Chandra R K. Reduced secretory antibody response to 
live attenuated measles and poliovirus vaccines in mal- 
nourished children. Br Med J 1975; ii: 583-5. 

Sirisinha S, Suskind R, Edelman R, Asvapaka C, Olson 
R E. Secretory and serum IgA in children with protein- 
calorie malnutrition. Adv Exp Med Blol 1974; 45: 
389—98. 

Heyworth B, Brown J. Jejunal microflora in malnourished 
Gambian children. Arch Dis Child 1975; 80: 27-33. 
Green FH Y. An immunofluorescent study of the 
secretory antibody system in man. MD thesis, University 
of Manchester, 1978. 


16 Savilahti E. Immunoglobulin-containing cells in the 
intestinal mucosa and mmmunoglobulins in the intestinal 
juice in children. Clin Exp Immunol 1972; 11: 415-25. 

17 Søltoft J, Saeberg B. Immunoglobulin-containing cells in 
the small intestine during acute enteritis. Gut 1972; 13: 
535-8. 

18 Shuster J. Pepsin hydrolysis of IgA-—delineation of two 
populations of molecules. Immunochemistry 1971; 8: 
405-11. 

19? Poger M E, Lamm M E. Localization of free and bound 
secretory component in human intestinal epithelial cells. 
J Exp Med 1974, 139: 629-42. 

20 Clough J D, Mims L H, Strober W. Deficient IgA anti- 
body responses to arsanilic acid. bovine serum albumin 
(BSA) ın neonatally thymectomized rabbits. J Immunol 
1971; 106: 1624—9. 

11 Lawton AR, Wu L Y, Cooper M O. The cellular basis of 
IgA deficiency in humans. Ady Exp Med Biol 1974; 45: 
373-80. 

u Ammann AJ, Hong R. Selective IgA deficiency: presenta- 
tion of 30 cases and a review of the literature. Medicine 
1971; 50: 223-36. 

23 Walker W A, Hong R. Immunology of the gastro- 
intestinal tract. Part 2. J Pediatr 1973; 83: 711—20. 

14 Chandra R K. Food antibodies in malnutrition. Arch Dis 
Child 1975; 50: 532-4. 

15 Stiehm E R, Fudenberg H H. Serum levels of immune 
globulins in health and disease: a survey. Pediatrics 1966, 
37: 715-27. 

!* Haworth J C, Dilling C. Concentration of «-A-globuln 
in serum, saliva, and nasopharyngeal secretions of 
infants and children. J Lab Clin Med 1966; 67: 922-33. 

27 Chandra R K. Fetal malnutrition and postnatal immuno- 
competence. Am J Dis Child 1975; 129: 450-4. 


Correspondence to Dr F Green, National Institute 
of Occupational Safety and Health — ALOSH, 
944 Chestnut Ridge Road, Morgantown, West 
Virginia 26505, USA. 


Received 17 April 1979 


Archives of Disease in Childhood, 1980, 55, 384—388 


Antiglobulin antibody in the sera of contacts of 
children with leukaemia 
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SUMMARY Healthy adults (parents, neighbours, end hospital staff) in close contact with children 
with leukaemia were found to have a high incidence of positive latex agglutination antiglobulin tests 
(probably an IgM antiglobulin antibody). This may explain a previous report of a high incidence of 
IgM anti-EB virus antibodies in parents of leukaemic children, which our results did not confirm 
(IgM antiglobulin, reacting with IgG anti-EB virus, could have been misinterpreted as IgM anti-EB 
virus). The antiglobulin antibody probably represents a nonspecific response to an infective agent. 

Other hospital staff, including those exposed to nonleukaemic children with infections, had a much 
lower incidence of the antibody, and it may represent a response to the leukaemic process itself, 
rather than to the infections to which such children are prone. Some leukaemic children have a 


similar antibody. 


After raised levels of IgM had been demonstrated in 
the sera of mothers of children with leukaemia,+ 
Zorbala-Mallios ef alf reported that such sera 
contained IgM and IgG antibodies to EB virus, 
whereas most adult sera contained IgG antibody 
alone. In view of the importance of this finding in the 
aetiology of leukaemia we reinvestigated this 
phenomenon, and studied the related presence of 
antiglobulin antibodies in relatives and contacts of 
children with leukaemia. 


Materials and methods 


Sera were obtained from parents of 57 children in 
whom a diagnosis of leukaemia (42 acute lympho- 
blastic leukaemia (ALL), 15 acute myeloblastic 
leukaemia (AML) ) had been made at this hospital 
during 1974 and 1975. Sera were also obtained from 
control couples who had children whose ages were 
comparable to the patients’ and whose own ages 
(range 21 to 53 years) were similar to those of the 
patients’ parents. 46 of the control couples were close 
friends or neighbours of the parents and consequently 
were frequently in contact with the patients; 9 lived 
near but had no close contact, and 2 were friends 
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living further away who had not seen the patients 
since diagnosis. Samples were taken within 6 months 
of diagnosis of leukaemia and again 6 months later. 
Sera from 50 of the 57 patients and from an 
additional 15 patients whose parents were not 
investigated (total 50 ALL, 15 AML) were obtained 
at the time of diagnosis. 

We also investigated 19 medical, nursing, and 
auxiliary hospital staff (age range 18-55 years) who 
had regular exposure to leukaemic children, and 19 
staff matched with them for age and role, who had 
similar exposures to sick children suffering from 
conditions other than leukaemia, 32 newly appointed 
nurses aged less than 22 years, 24 medical and other 
staff members of the Institute of Child Health, 17 
children suffering from cystic fibrosis (who are 
particularly prone to infections), and 29 of their 
parents. All sera were separated within 72 hours 
from clotted blood stored at 49C; some samples were 
tested immediately but others were tested after they 
had been stored at —209C. Antibodies to EB virus 
capsid antigen were detected by the indirect immuno- 
fluorescence method of Edwards and McSwiggan? 
using HR-IK cells which contain EB virus but which 
do not produce detectable quantities of IgM. or IgG 


: oe ; ^ 
on their surfaces. Positive and negative sera used as—«~ 


controls and the HR-IK cells were supplied by the 
Virus Reference Laboratory, Colindale, London. 
Cell preparations on coverslips were incubated at 
37°C with sera diluted 1:8 for 1 hour for IgA or for 
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3 hours for IgM, washed twice, and treated with 
fluorescein-conjugated sheep antihuman IgG or IgM 
(Wellcome) respectively for one hour. After washing, 
the coverslips were mounted in polyvinyl alcohol 
glycerol and examined on a Reichert Zetopan 
microscope using ultraviolet light. Sera diluted 1:20 
in glycine buffer, pH 8-2, were tested for antiglobulin 
antibody using Mercia reagents, before and after 
heating at 56°C for 30 minutes. Any agglutination 
visible macroscopically after rocking the slide for 
30 seconds was considered as a positive reaction. 
Rheumatoid factor was detected using the RAHA 
reagents (Fujioka Pharmaceutical Company, Tokyo, 
Japan) in plastic trays on sera diluted to 1:40 and 
1:80; some were diluted to 1:320. Serum immuno- 
globulin was measured using gel diffusion as 
described by Fahey and McKelvey;* results were 
expressed as IU/ml. 

Selected sera positive for antiglobulin antibody, 
with high IgM concentration, were separated by 
G200 Sephadex gel filtration, and void volume and 
middle peak samples were tested for anti-EB virus 
antibody by immunofluorescence. 


Results 


EB virus antibody. The results of tests for presence of 
EB virus antibody (using anti-IgG and anti-IgM) 
in sera obtained from 28 parents of children with 
ALL, 10 parents of children with AML, and from 
their 76 controls areshown in Table 1. IgG antibodies 
were detected in nearly all parents and controls, an 
incidence similar to that previously reported in 
healthy populations.’ A positive result was obtained 
with the IgM test in only one father of a patient and 
one control mother, and in none of the patients’ 
mothers. 

10 sera (all positive for IgG antibody from 
patients’ mothers, which had the highest serum IgM 
concentration) were separated by G200 Sephadex 
gel filtration: pooled samples from the middle peak 
contained IgG antibody, but no IgM antibody was 


detected in void volume material concentrated 
10-fold. These results differ from those reported by 
Zorbala-Mallios et al? who obtained positive 
results for IgG and IgM tests in most of the mothers. 


Tests for antiglobulin antibody. Since false-positive 
reactions for the IgM test can b2 obtained if there is 
both IgG anti-EB virus and IgM antibody to IgG 
(rheumatoid factor), it is customary to screen such 
sera for antiglobulin using a latex test.? We therefore 
tested 114 parents! sera and 114 control sera for 
agglutination of IgG-coated latex; 45 (39%) of each 
group were positive (Table 1). Positive antiglobulin 
tests were more common (P «0-05) in sera from 
mothers of children with ALL who relapsed or died 
within 2 years of diagnosis, than in sera from mothers 
of ALL patients who survived at least 2 years after 
diagnosis without relapse (Table 2). Similar trends 
for fathers and neighbours were not significant. Tests 
of sequential samples showed an apparent increase 
in frequency of positivity with time and of sera 
collected 6 months later from 15 AML mothers, 14 
were positive. 

IgG-coated latex can be agglutinated not only by 
IgM antibody to IgG, but also by Clq; the former is 
in the void volume of G200 Sephadex and is heat 
stable, and the latter is in the middle peak and is heat 
labile (to 56°C for 30 minutes) Five sera were 
separated on G200 Sephadex; the agglutination 
activity was found in the void volume, and none in 
the middle peak. 75% of the 115 positive sera which 
were retested after heating to 56°C for 30 minutes 
remained positive (Table 3). 

Selected serum samples positive or negative on the 
latex test from the various groups were studied for 
agglutination of rabbit IgG-coated sheep red cells 
(RAHA test). 42 of 66 parents’ sera and 43 of 68 
control sera, but surprisingly only 8 of 26 sera from 
the leukaemic children which were positive in the 
latex test, were also positive in the RAHA test. All 
34 latex-negative sera tested were also negative in the 
RAHA test, 


Table 1 EB virus antibodies and agglutination of IgG-coated latex 








ALL. AML 
Mothers Fathers Controls Mothers Fathers Controls 
Mothers Fathers Mothers Fathers 
Anti-EB virus 
/ Number tested 28 28 28 10 10 10 10 
"ar IgG-positive 26 25 25 26 9 9 8 9 
Ig M-positivo 0 1 1 0 0 0 
Latex test 
Number tested 42 42 42 42 15 15 15 15 
Number positive 17 14 16 16 9 5 6 7 


Sera were collected within 6 months of the children’s diagnoses. 
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Table 2 Agglutination of IgG-coated latex by sera of parents and home contacts of children with leukaemia, 


grouped according to prognosis 





Acute lymphoblastic leukaemia 


Acute myeloblastic leukaemia » 
(median 64 weeks between diagnoms 


Relapse ov death within 2 years of Survived without relapse at least 2 years and relapse) 
diagnosis 'jnedian 60 weeks between after diagnozis (median 7156 weeks 
diagnosis and relapse) between diagnosis and relapse) 

Latex test + — + -— T -— 
Mothers 10* 6 7 19 9* 6 
Fathers 6 10 8 18 5 10 

Controls 
Mothers 8 8 8 18 6 9 
Fathers 8 8 8 18 7 8 





The sera were collected within 6 morths of the children’s diagnoses 


*Significantly (P «0-05 exact test) more frequent than 1n mothers of children with ALL who did not relapse within 2 years of diagnosis. 


Table 3 Agglutination of IgG-coated latex by sera of children with leukaemia and their parents, home and 


hospital contacts, and various other groups 





F 


Sera 


Parents Controls Parents Controls Staf CFt Children 
of ALL ALL of AML AML parents 
Haemmtology Other ICH* Student ALL AML CFT 
nurses 
No. tested unheated 84 84 30 30 19 19 24 32 28 50 15 17 
No, positive (%) 60 (71) 59 (70) 26 (87 19 (63) 11 (58) 3(160 2 (8) 1(3) 1243) 3602) 13(87) 4€3) 
No of positive sera 
retested after heating 42 36 22 15 5 3 2 1 12 36 13 4 

No. positive (%) 28 (67) 27 1°75) 17 (77) 14 (93) 5 (100) 3 (100) 2(100 1(100 3@5) 24(6) 3Q3) 0O(<25) 


Randomly selected positive sera were retested after heating at 569C for 30 minutes. Sera from parents and their controls were obtained within 


12 months of diagnosis of disease in each child. 
*ICH: Institute of Child Health, tCF: cystic fibrosis. 


Serum immunoglobulin concentration. There was no 
significant difference in immunoglobulin concentra- 
tion between the 84 parents of children with ALL and 
their controls, although there was a tendency 
towards higher IgM and IgG values in mothers of 
leukaemic children and higher IgA values in fathers 
of children with ALL; the IgM concentration was 
not related to presence or absence of antiglobulin 
(Table 4). 


Table 4 Immunoglobulin concentrations in sera 
taken within 6 months of the child's diagnosis fiom 
84 parents of children with ALL and 84 controls 








Antilog of log mean values 
IgG IgA IgM 
Controls 
Mothers 184 158 187 
Fathers 181 148 152 
Mothers 195 133 204 
Fathers 182 179 160 
Latex test 
31 parents with 
positive results 158 
53 parents with. 
negative results 196 


Differences were not statistically significant (P >0-05; Student's t test). 


Antiglobalin tests in other groups of people. The 
observation of antiglobulin antibody common in 
sera of both parents of leukaemic children 
(apparently related to the subsequent duration of kc 
complete remission), and in the controls who were 
close friends of the families, raised the possibility 
that this was associated with contact with the 
patients. We therefore studied 19 members of the 
hospital staff who worked with leukaemic patients 
and 19 other hospital staff (including 6 from the 
respiratory unit, who are exposed to many patients 
with infections), and groups of patients with cystic 
fibrosis and their parents. We also investigated a 
group of student nurses who were new to the hospital. 
The results of latex tests, before and after heating the 
sera, are shown in Table 3. Few of the sera from the 
student nurses, the staff of the Institute of Child 
Health, or the hospital staff (other than those in the 
haematology unit) agglutinated IgG-coated latex,  , 
and the incidence in these groups did not differ. 
significantly. The parents of children with ALL and 
AML and their controls had a higher incidence 
(P<0:01 Fisher’s exact test) than the control 
hospital and Institute of Child Health groups 
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combined, and so had the members of the 
haematology department. High frequency was also 
noted in the leukaemic children, and intermediate 
frequency in children with cystic fibrosis and their 
parents, in some of the leukaemic children, most of 
the parents of children with cystic fibrosis, as well as 
the children themselves; however, the test became 
negative after heating to 56°C for 30 minutes, 
suggesting that it depended on a high level of Clq. 


Discussion 


Zorbala-Mallios et al? reported the presence of 
anti-EB virus IgM antibodies in the sera of mothers 
of children with acute leukaemia. We did not find 
this in our series. Since antiglobulin antibody in the 
presence of IgG antibody can lead to false-positive 
results for IgM antibody, we screened our sera for 
this. In tests on sera from parents of leukaemic 
children reported here we found anti-EB virus IgG 
and IgM antibodies in the frequency expected in the 
general population, with virtually no false-positives 
for IgM antibody but, surprisingly, a remarkably 
high frequency of positive reactions in the latex 
antiglobulin test. Such positivity could be due to the 
presence of antiglobulin antibody, which is often 
present in the serum in rheumatoid arthritis and in 
many acute or chronic infections and immuno- 
pathological disorders, or to the presence of isolated 
Clq which may be formed in vitro with imperfect care 
of sera. Since the latex agglutination activity in the 
parents’ sera was not destroyed by heating at 56°C 
for 30 minutes and, in the small group selected for 
the procedure, was located in the void volume after 
separation on G200 Sephadex, it was concluded that 
the positivity was caused by antiglobulin activity 
rather than by the presence of Clq. This conclusion 
is also substantiated by the fact that the results in 
the latex agglutination test agreed well with those 
in the RAHA test. It remains uncertain why we did 
not obtain false-positives from IgM antibodies, and 
whether this was the mechanism underlying the 
findings of Zorbala-Mallios et al. 

The finding that antiglobulin antibody was 
present in similarly increased frequency in the sera 
of the control parents was unexpected. The mothers 
of the children with leukaemia showed less excess of 
IgM compared with these controls than they had 
done with independent controls in our previous 
study.’ Since these controls were close friends or 
neighbours of the patients’ families, 81 7 of whom 
bad had close contact with the patients at home, 
we investigated members of the hospital staff whose 
work brought them closely in contact with leukaemic 
children. Serum antiglobulin activity was again 
found to be increased in frequency in this group, in 


contrast to another group of hospital staff of similar 
ages and occupations but whose exposure to patients 
did not include those with leukaemia. 

Children with leukaemia are excessively prone to 
infections owing to the nature of the disease itself 
and to the immunosuppressive effect of treatment. 
Thus contact with such patients would mean 
exposure to infections, both bacterial and viral, in 
addition to a possible exposure to a leukaemogenic 
agent. However, the control group of hospital staff 
(one-third of whom had particularly close contact 
with patients with infections) had only a slightly 
increased incidence of latex agglutination activity. 
The parents of patients with cystic fibrosis who are 
also chronically exposed to their children's infections 
(perhaps rather different infections from those in 
leukaemia) showed only a slightly raised frequency of 
latex agglutination activity, and in most cases this 
was reversible by heating and was therefore probably 
an effect of free Ciq. These findings suggest that the 
increased frequency of antiglobulin activity among 
relatives and contacts of leukaemic children is 
associated with the leukaemic process rather than 
with the secondary infections associated with the 
disease, though children with cystic fibrosis have a 
more limited range of infections than do children 
with leukaemia. 

There have been several reports of immunological 
response in relatives and unrelated contacts of 
patients with malignant disease, as well as in the 
patients themselves. Byers et al." reported a tumour- 
specific cell-mediated immunity in household con- 
tacts, both related and unrelated, of patients with 
carcinoma of the breast and also with osteogenic 
sarcoma. Graham-Pole et al.9 reported sensitisation 
to neuroblastoma extracts as shown by the leucocyte 
migration inhibition technique in relatives and 
contacts of neuroblastoma patients. These findings 
were specific for the histological type of tumour but 
not for the particular patient. The increased 
frequency of serum antiglobulin reported here among 
contacts of children with acute leukaemia is a much 
less specific finding but may also bé a response to a 
neoplastic agent with wide asymptomatic infectivity 
within the population, but very low morbidity; the 
rare supervention of neoplasia would presumably 
depend on other environmental and intrinsic 
susceptibility factors, which might include immuno- 
deficiency and susceptibility to immunopathological 
diseases generally. 


We are grateful to Dr J M Chessells for allowing 
access to her patients' families, to the many subjects 
for providing blood samples, to Dr J M B Edwards 
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for help in setting up the anti-EB virus test and 
supplying reagents, to Professor R. M Hardisty, 
Dr M W Turner, and Mr Reading for advice, and to 
Mr A W J Bennett and Mrs J M Longcroft for 
immunoglobulin estimations. 


A W was a Leukaemia Research Fund Fellow, and 
M T is supported by a grant from the Leukaemia 
Research Fund. 
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Thyroid function in thalassaemia major 


F DE LUCA, R MELLUSO, G SOBBRIO, G CANFORA, AND F TRIMARCHI 
Ist Clinica Medica Generale, 2nd Clinica Pediatrica, and Centro di Microcitemia, 


University of Messina, Italy 


SUMMARY Serum concentrations of T4, T3, rT3, and TSH were measured by radioimmunoassay 
in 45 patients suffering from f-thalassaemia. A TRH stimulation test was performed and the 
binding capacity of TBG and TBPA for T3 and T4 measured by reverse flow zone electrophoresis 
in a group of these patients. Mean T4 serum concentration was lower in thalassaemic patients 
than controls; T3, rT3, TSH levels, and the pituitary response to TRH were normal. TBPA binding 
capacity for thyroxine was greatly decreased, probably due to iron overload impairing the liver 
function. The decreased circulating total thyroxine might be explained by the reduced TBPA capacity, 
serum free thyroid hormone concentration values being normal. It is concluded that thalassaemic 
children are euthyroid, despite often having low-normal or subnormal thyroxine levels. 


several authors have reported a high incidence of 
endocrine abnormalities in children, adolescents, 
and young adults suffering from thalassaemia 
major. These abnormalities can be related to the 
iron overload! caused by frequent blood transfusions, 
and mainly affect the pituitary-gonadal axis.* The 
growth retardation, noted by all authors, does not 
seem to depend on a pituitary defect, since growth 
hormone concentration, even after stimulation, is 
generally normal.?-9 No evidence of altered pituitary- 
thyroid function was found by Zaino et al? or 
Canale et al.4 An increased TSH response to TRH 
was reported by Lassman et al.’ in 4 out of 7 patients 
studied, and in one the results were consistent with 
slight primary hypothyroidism. In a more recent 
study, Flynn et alë reported decreased serum 
thyroxine levels with raised TSH, compatible with 
subclinical primary hypothyroidism. 

As none of these conclusions seemed to agree, 
we studied thyroid function in a group of 45 patients 
with thalassaemia major. 


Subjects and methods 


45 patients aged between 1:1 and 20-4 years with 
B-thalassaemia (one also with sickle-cell anaemia) 
and 26 normal children (aged 0-6-12 years) were 
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studied. The diagnosis of thalassaemia major was 
established by clinical examination and haemo- 
globin electrophoresis. Most of the patients were 
being given blood transfusions and were also being 
treated with desferrioxamine. They were all followed 
as outpatients. 

Biochemical investigations were performed im- 
mediately before each blood transfusion and at 
least 15 days after the previous one. The controls 
were healthy, prepubertal children, and only two 
of them (one 17-year-old girl and one 20-year-old 
man) had reached sexual maturity. The normal 
range of response of TSH to TRH stimulation in 
children has been established for the purpose of 
detecting early signs of hypothyroidism in children 
with goitres who live in areas where iodine defici- 
ency is endemic.i* 


Abbreviations: 


free triiodothyronine 
free thyroxine 


FT3: 
FT4: 


T3: triiodothyronine 

T4: thyroxine 

rT3: reverse T3 

TSH: thyroid stimulating hormone 
(thyrotropin) 

thyroid binding capacity 

thyroxine-binding globulin 

thyroxine-binding prealbumin 

thyrotropin releasing hormone 


TBC: 
TBG: 
TBPA: 
TRH: 
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Serum total T4, T3, and TSH were determined by 
specific radioimmunoassays on unextracted serum. 
Details are reported elsewhere.9-1? Reverse T3 
(rT3) serum concentration was determined by radio- 
immunoassay on unextracted serum using an 
anti-rT3 antiserum (1:5000), raised in rabbits by 
injecting an rT3-bovine serum albumin conjugate, 
0:2% ANS (8-anilino naphthalene-sulphonic), and 
DCC (Dextran-coated charcoal) (32 mg/ml), in 
order to achieve bound free separation™ Free 
thyroid hormone concentration was determined by 
a commercial system (Dow-Lepetit Laboratories). 
TSH response to intravenous TRH (5 ug/kg) was 
assessed by taking blood samples 15 min before, 
immediately before, and 15, 30, and 60 min after 
TRH. Binding capacity of TBG for T3 and T4 and 
of TBPA for T4 was determined by reverse flow- 
zone electrophoresis, by the method of Robbins and 
Rall in 10 of the patients. Iron serum concentration 
was determined by the Weippl et al? method. 
Serum protein concentration and electrophoretic 
pattern were also established. Statistical analysis 
was performed by Student's r test. All values are 
expressed as mean +- SD. 


Results 


The mean T4 value (7:54 -+ 2:64 ug/100 ml; 
97°04 + 33-98 nmol/l) was slightly lower in 
patients with thalassaemia than in the control group 
(9°71 + 3-22 pg/100 ml; 124-97 + 41:44 nmol/l) 
(P«0-05), but was within the normal range. Only 
3 patients had T4 values below the lower limit, and 
no clinical or biochemical evidence of hypothyroid- 
ism was found. One patient had low T4 (2-5 
ug/100 ml; 32:17 nmol/I) and normal TSH (1:45 
uLU/ml). The T4 values of 2 patients were slightly 
reduced, 3-6 and 3:4 ug/100 ml (46:3 and 43-8 
nmol/J), and their T3 values were at the lower limit 
(60 ng/100 ml; 0-92 nmol/D. TSH concentration in 
both these patients was slightly raised (5-5 and 6-2 
uIU/ml) but their TSH response to TRH was 
normal (Fig. 1). 

T3 values in thalassaemic patients (160-5 + 61:7 
ng/100 ml; 2-46 + 0-95 nmol/l) were similar to 
those in controls (159:2 — 35:8 ng/100 ml; 


TRH S(ug/ kg?) IV 


/ 





20 


TSH (uU/ml) 


Mmutes 


Fig. 1 TSH responses to intravenous TRH in two 
thalassaemic patients (A, B) with low T4 and T3 levels as 
Shown. Normal range shown shaded. 


2:44 +- 0:55 nmol/l). The mean values of FT3 and 
FT4 serum concentrations (FT4 11:3 + 7-64 pg/ml; 
14-46 + 9:83 pmol/l, FT3 4-31 -2-1:69 pg/ml; 6:6 + 
2:6 pmol/l) did not differ from those of the controls 
(FT4 11:8 +6-28 pg/ml; 15:19 4- 8-0 pmol/l, 
FT3 4-52 + 1:45 pg/ml; 6-9 + 2-2 pmol/)). 

The mean value of TSH was of 2-58 -+ 1:66 
uIU/ml in patients with thalassaemia, and 2:36 + 
1*5 uIU/ml in controls. All the baseline values, and 
the TSH response curves to TRH, were within the 
normal range (maximum peak 25 y IU/ml). 

The rT3 concentration (36-7 + 13-7 ng/100 ml; 
0:56 + 0:21 nmol/l and 37-9 + 11-98 ng/100 ml; 
0-58 + 0:18 nmol/lI) was similar in both groups. The 
biochemical results are summarised in Table 1. No 
correlation was found between T4 or TSH and age, 
sex, number of blood transfusions, or serum iron 
concentration in the thalassaemic patients. 


Table1 Circulating thyroid hormones, TSH, and rT3 in thalassaemia major (means + SD) 


Group T4 T3 

(ug)100 mI) (1g/100 mI) 
Thalassaemic children (n »-45) 1:544-2 64 160-54-61.7 
Controls (n 26) 9.71::3-22 159.2435-8 
P <0-05 NS 


FT4 FT3 TSH rT3 
(pg/ml) (pg/ml) GUU jmi) (ng ] 100 mI) 
11 347 64 4-3141-69 2.50.41 66 36 7413°7 
11-84-6-28 4 5241 45 2-36--1-53 37-9411-9 
NS NS NS NS 


Conversion: traditlonal to SI units—T4: 1 pg /100 mias{2 87 nmol/l. T3: 1 ng/ml wt 536 nmol/l, FT4: 1 pg/ml «1-287 pmolj/l. 


FT3: 1 pg/ml »»1-536 pmol/l. T3: 1 ng/ml w1 536 nmol/l, 


à 


mui 
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Table 2 74 binding capacity and T3 binding capacity in thalassaemia major (means + SD) 


T3 binding capacity 


TBPA TBG 
68-474+12 75 4 8840-39 
1101-18 5.54-0 6 
«0-005 NS 





Group T4 binding capacity 
$ 
TBG 

Thalassaemic children (n= 10) 19 72+2 02 
Controls (n= 10) 2143-5 
P NS 
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Fig. 2 Relation between T4 levels and TBPA capacity 
in 10 thalassaemic patients. 


Finally, the TBG and TBPA binding capacity for 
thyroid hormones was evaluated in 10 patients 
whose T4 was in the lower range. TBG capacity was 
close to normal, unlike TBPA capacity which was 
greatly reduced (Table 2). A positive correlation 
between T4 serum concentration and the binding 
capacity of TBPA was observed (r = 0-552, P 0:1) 
(Fig. 2). All the patients had low total serum pro- 
teins. The electrophoretic pattern generally showed 
hypoalbuminaemia with hypergammaglobulinaemia. 

The iron concentration in most of the patients 
was 2200 ug/100 ml (35:8 mol/l). 


Discussion 


The primary hypothyroidism ascribed to iron over- 
load at thyroid level reported by Flynn et al.5 was 
not confirmed in this study. Specific biochemical 
tests of thyroid function showed no abnormalities 
of the pituitary-thyroid axis in our patients with 6- 
thalassaemia. T3, T4, and TSH values were well 
within the normal range, while lower levels of T4 


T were not associated with any increase in TSH levels. 


In 2 patients both T3 and T4 concentrations were 
below the normal range, and TSH baseline values 
were slightly increased; nevertheless TRH stimu- 
lation did not elicit an abnormally large pituitary 


response, and so gave no indication of increased 
pituitary reserve. This pattern is in keeping with the 
Observation of normal concentration of free thyroid 
hormones and a sharply reduced TBPA binding 
capacity. 

The metabolic pathways of thyroxine deiodination 
seemed to be unaffected. T3:T4 ratio was similar in 
both groups, while 3, 3’, 5’ truodo-L-thyronine 
concentration was no different in patients and 
controls. This was despite apparently impaired liver 
function in tbe majority of patients, as shown by a 
consistently low serum plasma protein and low 
albumin/globulin ratio. 

We think the slightly lower levels of T4 can be 
attributed to the abnormality in T4-binding capacity 
for TBPA (T4- and T3-binding capacity for TBG 
was normal). The greatly reduced TBPA binding 
capacity may induce the slight but significant 
decrease of T4 levels without affecting the euthyroid 
status, maintained by the normal levels of free 
thyroid hormones. 


We thank the National Institute of Health, Edu- 
cation, and Welfare, Bethesda, Maryland, USA, for 
providing the anti h-TSH antiserum, the Medical 
Research Council, London, for the gift of h-TSH 
standard 6838, and the patients and their parents for 
their collaboration. 
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An evaluation of treatment with heparin in the 
haemolytic-uraemic syndrome successfully treated 


by peritoneal dialysis 


M G COULTHARD 


Department of Paediatrics, Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY Nine children had 10 attacks of the haemolytic-uraemic syndrome in an 11-month 
period. One child had 2 slight episodes. The remaining 8 children each had a severe attack which 
required peritoneal dialysis and, of these, the first 4 were also treated with heparin. All the patients 
survived without sequelae and the rate of recovery of dialysed patients was unaffected by the use 
of heparin. Peritoneal dialysis alone is therefore recommended as a simple and effective form of 
treatment for the haemolytic-uraemic syndrome. No infective aetiological agent could be identified 
and the distribution of HLA antigens among the children was unremarkable, 


The haemolytic-uraemic syndrome (HUS) was first 
described 24 years ago.! It is characterised by acute 
renal failure, thrombocytopenia, and a haemolytic 
anaemia with schizocytes present in the blood film. 
It is rare in Britain but if it does occur it tends to do 
so as a small outbreak in young children, generally 
preceded either by a diarrhoeal illness or a slight 
infection of the upper respiratory tract. 

The reported mortality of HUS has been as high 
as 67 7? but more recently 95 % of patients have been 
reported to survive.” Treatment is generally 
directed to the management of anaemia and renal 
failure, and to treatment specifically aimed at 
halting the intrarenal intravascular coagulation 
believed to occur? in the syndrome. This has included 
the use of corticosteroids,* heparin,*-* dipyridamole 
and aspirin,9*? and streptokinase.!? Because of its 
sporadic nature there has been little attempt at 
evaluating these agents in HUS, but in the few trials 
that have been undertaken" no advantage could be 
shown over supportive treatment alone. This paper 
reports the results of treatment with and without 
heparin in two groups of 4 children all of whom 
received dialysis for HUS. Although not designed as 
a controlled trial the two groups were comparable. 


Patients 


All the children were treated at the Royal Victoria 


Child Health Unit, Princess Mary Maternity Hospital, 
Newcastle upon Tyne 
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Infirmary between May 1977 and April 1978 having 
been referred from hospitals within a 32-mile radius. 
Clinical details are given in Table 1. Case 1 had 
two attacks of HUS, each was slight and was treated 
by careful management of fluid and electrolyte 
balance, and blood transfusion only. She had a 
clinical presentation different from the other 
children, with a 3-day history of lethargy, anorexia, 
and fever followed by 12 hours of haematuria on 
each occasion. Between attacks she had been well. 

Each of the other 8 patients had a history of 
diarrhoea (sometimes bloody) and vomiting, 
followed a few days later by oliguria or anuria. In 
each case as the gastrointestinal symptoms began to 
improve there was a fairly rapid onset of pallor and 
sometimes the appearance of petechiae. On admission 
the children were all strikingly pale and had obvious 
bruising around venepuncture sites. Two patients 
were hypertensive, one becoming severely so with a 
maximum blood pressure of 270/210 mmHg and 
the presence of slight papilloedema. Case 3 was 
admitted to the referring hospital with a typical 
history but by the time he was transferred to this 
hospital he was in heart failure and had had 
prolonged fits secondary to water overload and 
dilutional hyponatraemia. 

Eight children had the severe form of the disease* 
and required dialysis. To comply with departmental 
policy for severely affected children the first four 
patients (Cases 2 to 5) were also heparinised. Case 6 
however was transferred for dialysis at a time when 
her platelet count had already begun to rise and 
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Table 1 Clinical details on admission 
Case Age Sex Duration of Presence of Fits Presenting symptoms 
(years) oliguria or hypertension 
anuria (days) 
No dialysis 
"1 3 3/12 F 0 — — Lethargy, anorexia, fever (3 days), and haematuria 
4-2/12 0 — — (12 hours) each time 
Dialysis and heparm 
2 1 8/12 F 2 270/240 — 
3 210/12 M 7 — + 
4 4-1/12 M 2 — — 
5 211/12 F 1:5 — Et 
Mean 2-11/12 3.1 Diarrhoea (sometimes bloody) and vomiting (5 to 
10 days)—beginning to improve when sudden 
Dialysu alone onset of pallor with bruising tendency 
6 5.3/2 F 3 — — 
7 4-6j12 F 2 — — 
8 1-11/12 F 4 170/100 — 
9 2-3712 F 4 — = | 
Mean 3-6712 3 25 





*Case I had two episodes of HUS. 


therefore heparin was withheld, her platelet counts 
continuing to show a sustained improvement. On the 
basis of this and her otherwise uneventful recovery, 
heparin was withheld from subsequent severely 
affected children and thus two treatment groups were 
fortuitously created. The patients' age ranges and the 
duration of diminished urinary output before dialysis 
were similar in the two groups, and each group had 
one hypertensive child. 

Laboratory data were very similar in the two 
treatment groups (Tebles 2 and 3). All the patients 
had typical blood films with schizocytes, fragmented 
cells, and pronounced thrombocytopenia. The 
lowest haemoglobin levels and platelet counts in 
both groups were similar. All tne children had 
slightly raised plasma fibrin degradation products and 
normal fibrinogen levels, and all had normal clotting 
times except for slightly prolonged thrombin times. 
Complement levels wzre normal in all patients. 


Table2  Haematological data 
FDP 





Care Lowest Hb Lowest Fibrincgen Thrombin time 





(g/dt) platelets (ig/ml) (mg]1C0 mI) (control 13 s) 
(x10911) 
No dialysis 
I 56 25 40 350 17 
6.4 35 30 200 20 
Dialysis and heparin 
2 3-3 20 80 180 21 
3 6 6 18 40 150 14 
4 5.3 15 40 300 19 
5 7-4 40 20 — wee 
Mean 5-5 23 45 210 18 
Dialysis alone 
6 6-8 60 60 200 21 
7 57 40 40 300 13 
8 7-1 40 40 350 16 
9 4-7 55 55 200 17 
Mean 6 1 49 49 262 17 


EDB — fSibrm degradation products. 


Table 3 Biochemical data 





Case Urea Predralyns values (mmoljl) 
Sodium Potassium Bicarbonate 

No dialysis 
i+ 24 i38 5 20 

4] 131 49 16 
Dialysis and heparin 
2 84 135 6 9 13 
3 42 114T 2-71 11 
4 50 127 6.6 14 
5 50 120 4:3 14 
Mean 56.5 124 5.1 13 
Dialysis alone 
6 56 139 §-3 12 
7 44 121 54 10 
8 50 127 49 10 
9 72 131 7-3 14 
Mean 55.5 130 5.6 11-5 





*Case 1 not dialysed—biochemical data taken at time of highest urea. 
tCase 3 fluid overloaded on admission. 


The predialysis urea and bicarbonate levels were 
similar in the two groups. Case 3 had severe dilutional 
hyponatraemia and hypokalaemia from fluid over- 
load. The other dialysed patients also showed a 
tendency to develop hyponatraemia, and had either 
abnormally high or rapidly rising potassium values. 

Nose and throat swabs, blood, urine, and stool 
specimens were all cultured bacteriologically. Viral 
cultures were also obtained, as were nasopharyngeal 
secretions for fluorescent viral antibody staining, and 
in addition stools were examined under the electron 
microscope for rotavirus. Acute and convalescent 
sera were obtained for viral antibody studies. 


Treatment 


Patients were transfused with packed cells and 2 
children also received platelets because of small 
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haematemeses. Case 1 was not transfused in her 
second illness but was discharged with a stable 
haemoglobin of 7-6 g/dl and a high (8:497) reticu- 
locyte count. Her fluid and electrolyte intakes were 
carefully controlled to balance losses, but the other 
children had a more relaxed regimen once dialysis 
had been established. 

Peritoneal dialysis was started if a high or rapidly 
rising plasma potassium level was present (7 patients) 
or if there was gross fluid overload with dilutional 
hyponatraemia associated with heart failure and 
convulsions (one patient, Case 3). Dialysis was 
given with hourly cycles of 25-50 ml/kg initially; 
thereafter it was given more frequently (usualy 3 or 
4 an hour) according to electrolyte response. 
Potassium was added to the dialysis fluid as 
necessary. Case 3 was dialysed initially with hyper- 
osmolar fluid containing 63-6 g/l glucose. Effluent 
dialysate was studied under a microscope twice daily 
and cultured once daily. If white cells appeared 8 mg 
gentamicin was added to each litre of the dialysis 
fluid while awaiting the results of the bacteriological 
culture. The 2 hypertensive children were treated 
with combinations of diazoxide, hydrallazine, 
methyldopa, and propranolol, and the fall in blood 
pressure was not related to pronounced changes in 
body weight or fluid loss. 


Table 4 Rate of recovery 


Case Tune for platelets to Duration of Blood transfused 
reach > 150 x I09jl dialysis (g/df) (total rise in 
(days) (days) Hb) 
No dialysis 
1 4 — 4.3 
5 es ics 
Dialysis and heparin 
2 7 6 11-9 
3 9 14 10.8 
4 6 6 8.5 
5 7 9.3 
Mean 6-75 8-25 10-1 
Dialyns alone 
6 9 6.7 
7 8 6 9.7 
8 8 5 6.9 
9 10 13 15-1 
Mean 7.15 8 25 9.6 


Table 5 Complications of peritoneal dialysis 


Heparin was administered by continuous intra- 
venous infusion at a rate of 15-25 units/kg per hour 
in an attempt to maintain thrombin times at twice 
normal. 


Results and discussion 


At follow-up, between 6 and 18 months later, all the 
children were well with normal biochemical and 
haematological findings. 

The rate of recovery from the illness (Table 4), as 
judged by the number of days for the platelet count 
to become normal (2150 x 10?/I) and the duration 
of dialysis required, was very similar in all dialysed 
patients whether they had been heparinised or not. 
All patients needed transfusions of similar amounts 
of blood. No complications of heparin treatment 
were encountered, but its use in thrombocytopenic 
patients is hazardous. In an outbreak of HUS in 
1970 we saw a heparinised child succumb with a 
massive pulmonary haemorrhage. If heparin has a 
role in halting the underlying intravascular coagula- 
tion believed to occur in HUS, it would be expected 
to accelerate the rate of rise in platelets, but no such 
effect was seen. This supports the views of others?~* 
who feel that there is no indication for heparinising 
children with this condition. 

Peritoneal dialysis proved to be a, quick and 
efficient method of correcting fluid and electrolyte 
abnormalities. White cells were noted in the effluent 
dialysate of 6 patients, and these fluids subsequently 
grew bacteria (Table 5). Peritoneal infections were 
successfully treated by adding gentamicin to the 
dialysis fluid in all patients except Cases 2 and 4. 
Case 2 had slight clinical peritonitis and had already 
begun to produce urine; therefore the catheter was 
removed allowing rapid recovery with parenteral 
antibiotics alone. Cultures from Case 4 showed a 
haemolytic streptococcus and he was treated with 
parenteral benzylpenicillin with good results. No 
other patient had any sign or symptom of peritonitis 
although 3 were slightly febrile. Case 9 developed 
pulmonary oedema which was soon corrected by 
dialysing with hyperosmolar fluid. 

There were no permanent sequaelae after 








Case Bacterial culture Chnical signs Treatment 

2 Escherichia coli Peritonitis Gentamicin and removal of catheter 
3 Pseudomonas — Gentamicin 

A Haemolytic streptococci Febrile Gentamucin and benzylpenicillin 

5 = eos "- 

6 x zc vide 

7 Staphylococcus aureus Febrile Gentamicin 

8 Staphylococcus aureus Febrile Gentamicin 

9 Staphylococcus aureus Shght pulmonary oedema but Gentamicin and dialysis with 


afebrile 


hyperosmolar dialysis fluid 
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peritoneal dialysis. Haemodialysis is recommended 
as the method of choice for treatment of severe 
HUSH, despite the complications associated with 
vascular shunts in chi:dren. In a study on 7 children 
(6 of whom survived) complications included a case 
of median and ulnar nerve paresis, and the need to 
amputate a finger. Dialysis by the peritoneal route is 
cheaper and simpler to perform, and requires 
considerably less expertise to initiate than does the 
insertion of a suitable vascular shunt in a small ill 
child. We feel that we have further demonstrated the 
effectiveness of peritoneal dialysis?"* in this 
condition. 

Case 3, who at 7 days had the longest period of 
predialysis oliguria, and Case 9, who at 4 days had 
the greatest duration of certain anuria, both took 
slightly longer than the other children to achieve 
normal platelet counts (9 and 10 days compared with 
a mean of 6:5) and needed longer periods of dialysis 
(14 and 13 days compared with a mean of 6:5 for the 
other 6 patients). The importance of early dialysis in 
improving survival in HUS has been stressed,” and 
the necessity to avoid fluid overloading in acute renal 
failure has been emphasised.!? 

Despite our small sample, the longer time taken 
for recovery in the 2 children who were diagnosed 
and treated later then the rest supports still further 
the policy of early intervention. 

No bacterial or viral pathogens were identified 
from the admission specimens, and no rises in viral 
antibody titres were recorded. However Case 4 was 
the only child to have had a stool specimen taken in 
the early stages of the diarrhoeal illness 3 days before 
hospital referral and Skigella flexneri was cultured at 
that time. Repeat cultures after admission did not 
show this pathogen. 

It is probable that HUS has several aetiological 
factors.* The fact that small outbreaks occur 
suggests that infective agents are sometimes respon- 
sible, and several types of pathogens have been 
associated with the condition. Shigella has sometimes 
been associated with outbreaks and in a prospective 
study of shigellosis in Bangladesh, children who 
developed HUS had evidence of circulating endo- 
toxins.!5 It is possible that in our patients the same 
mechanism triggered the onset of the svndrome and 
that by the time of admission the original pathogen 
had been eliminated. 

Recurrent cases of HUS have been recorded, and 
these have tended to be fairly mild.* It has also been 
recognised that the illness can occur at different times 
to more than one member of a family.1* We recently 
saw two brothers develop the syndrome together. 
These data suggest that there may be factors peculiar 
to the children which render them susceptible to 
developing the illness. Further support for this view 


Table 6 HLA typing. HLA antigen frequency com- 
pared with that expected normally 


HLA Cases Expected ALA Cases Expected 
Al 2 2 B7 2 2 
A2 5 + B8 Nil 2 
A3, 2 2 B12 3 2 
Aw24 2 1 B14 2 <i 
AÀwi9 i «i BIS i 1 
A32 l «I Bw49 I «1 
B40 I I 
B27 1 <i 
B18 i «I 
B13 I «1 





is seen in Case 4 whose 4-month-old brother shared 
her prodromal diarrhoeal illness but did not go on to 
develop HUS. We performed HLA typing on most of 
our patients in order to see whether a genetic 
predisposition to develop the syndrome might be 
expressed by unusual HLA type distributions. How- 
ever, the distribution was no different from that 
predicted to occur by chance (Table 6). 


I thank Dr R H Jackson for his help, and the other 
consultant paediatricians at the Royal Victoria 
Infirmary, Newcastle, for allowing me to study their 
patients. 
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Short reports 


Uneven distribution of light in standard phototherapy 


MALCOLM I LEVENE 
Charing Cross Hospital, London 


SUMMARY  Maldistribution of light is a potential 


cause of phototherapy failure in the neonate. 
Differences in light intensity over the surface can be 
measured with a radiometer as this detects the radiant 
energy impinging on the incubator mattress. Àn 
infant nursed on the front third oi the mattress 
receives less than 407, of the maximal light incident 
on the centre of the mattress, and consequently 
degradation of unconjugated bilirubin will be less 
effective. 


The outcome of the serendipitous observations at 
Rochford General Hospital in the early 1950s? led to 
the first description of the clinical use of light in the 
management of the jaundiced infant.* Since then 
phototherapy has become a widespread and effective 
method of treating unconjugated hyperbilirubin- 
aemia of infancy. 

Failure of phototherapy to degrade bilirubin 
effectively may be due to the use of a light source 
emitting spectral energy of low radiant intensity,? 
ageing of the fluorescent tubes, or exposing 
insufficient skin surface to the light source. This 
paper explores the possibility of phototherapy 
failure due to uneven distribution of light within the 
incubator. 


Methods and results 


The light intensity of phototherapy units was 
recorded in various positions over a standard Air- 
Shields Isolette incubator mattress. The mattress was 
divided into 9 equal rectangles (A-I) each measuring 
21 x 12 cm (Figure). Two different phototherapy 
units were used to provide the light source: the 
Vickers Medical phototherapy unit (four element), 
and the Air-Shields S400 (four element). Various 
permutations of blue and white fluorescent tubes 
were used in both. The phototherapy units were 
tested in alightproof room and measurements of light 
intensity were made after the tubes had warmed up. 





80-10%. [ eorn. | jo. | jov. 


Figure Relative light incident on the 9:equal areas of 
the incubator mattress expressed as a percentage 
of the maximal area (phototherapy unit is at back). 


Measurement of light irradiance was made at the 
mattress in the incubator, 45 cm from the light source 
by a newly calibrated Air-Shields radiometer S450 
(Narco Air-Shields, Europe), and the intensity was 
recorded in uU W/cm?. The peak sensitivity of the 
radiometer was at wavelength 450 nm. 

Four recordings were made in each of the 9 
rectangles for each combination of fluorescent tube. 
Altogether 32 readings were made in each area. The 
results are expressed as a percentage of the highest 
reading made in any rectangle (Figure). There was no 
significant difference in the distribution of light 
irradiance between different phototherapy units or 
between different combinations of tubes. 

The areas receiving most light are the centre back 
and middlerectangles. There is a significant difference 
between the light intensity of these two areas, and 
areas A, C, D, and F (P 0-001). Area H receives 
only half the light irradiance of areas B and E, and 
areas G and I receive less than a one-third of the 
irradiance of B or E. There is a highly significant 
difference between areas G and I, and area H 
(P « 0-001). 
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Discussion 


Theradiant flux ofa light source inu.W/cm#, measures 
the total power of light radiation within a defined 
wavelength band. A dose-response curve has been 
contructed by Mims et al demonstrating that 
increments of radiant flux increase photodegradation 
of bilirubin in a near linear manner. This curve 
assumes that the irradiance of incident light is 
uniform over the entire infant, and the results of this 
study indicate that the intensity of light on different 
areas of the incubator varies considerably. 

The usual position for an infant to be nursed in an 
enclosed incubator is towards the front to give easy 
access through the ports or door. From this study it 
appears that an infant nursed on the front third of 
the mattress receives less than 40% of the maximal 
light impinging on the centre of the mattress. 

Further studies on the optimal number and 
orientation of the fluorescent tubes should ensure 
that a more even distribution of light occurs. A 


simple solution may be a plastic diffusing element 
under the tubes to distribute the light more evenly 
over the entire incubator surface. 
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Comparison of efficiency of commercially available phototherapy units 


MALCOLM I LEVENE, W G HILLS, AND B SANDHU 
Paediatric Research Laboratory, Charing Cross Hospital, London 


SUMMARY The efficiency of two phototherapy units 
was compared by exposing solutions of bilirubin in 
vitro. Both units are commercially available. 


Phototherapy is a procedure that is no longer 
considered to be free of complications. The efficiency 
of photodegradation by two phototherapy units was 
compared in an effort to discover which unit 
exposed the infant to the least light energy for 
greatest bilirubin decay. 


Methods A standard solution containing about 360 
umol/](21 mg/100 ml) bilirubin (Versatol Paediatric*) 
was prepared. 14 glass microcapillary tubes were 
filled with this and placed under the phototherapy 
unit. An estimate of total bilirubin was made at 
zero time on two tubes using a bilirubinometer 
(American Optical Instruments). The other 12 tubes 
were placed in the light source to be tested at the 


~4_-centre of the mattress of an Air-Shields Isolette 


incubator with the motor switched off. 
The incubator had been placed in a lightproof 
room which was not affected by changes in external 


*General Diagnostics, Morris Plains, New Jersey. 


temperature. The two phototherapy units were the 
Air-Shields $400 (four tubes) and the Vickers 
Medical (four tubes); both were supplied by the 
manufacturers with standard new white and blue 
fluorescent tubes. The units were fitted consecutively 
with four white, four blue, and a combination of 
two blue and two white tubes. Each was assessed on 
its ability to degrade the bilirubin solution in the 
capillary tubes. 

The light sources were placed 45 cm directly over 
the incubator and left on for 24 hours. Two capillary 
tubes were removed at intervals of 1, 2, 3, 6, 9, and 
24 hours and the total bilirubin in each tube was 
estimated. The light intensity at the centre of the 
incubator mattress was recorded by means of a 
newly calibrated spectroradiometer (Air-Shields 
S450) for each of the three combinations of light in 
both phototherapy units. These results are expressed 
in W/cm? of the measured wavelength between 
350 and 550 nm, peaking in sensitivity at 450 nm 
which is at the blue end of the visible spectrum. 


Results 


The photodecomposition of the standard bilirubin 
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Fig. 1 Percentage photodecomposition of bihrubin per unit time for various combinations of tubes in two 


phototherapy units. 


solution is expressed as a percentage reduction of the 
amount present £t zero time (Fig. 1). The control 
solution left in the incubator, but not exposed to 
light, showed regligible photodecomposition in 
24 hours. There was no sigrificant difference in 
bilirubin reduction between the four white tubes in 
the phototherapy units at 24 hours (P<0-25), nor 
was there any difference between the combination of 
two blue and two white tubes, and four blue tubes 
(P 0-1). There was however a significant difference 
between the white tubes and any combination of 
blue, or blue and white tubes (P < 0-001). 

The efficiency of the tube combination is derived 
from the following formula :! 

Efficiency ratio — percentage bilirubin decomposed 
per 24 hours/radiant flux (irradiance) 

In Fig. 2 the efficiency ratios of the two units are 
compared. There was no difference between the 
Vickers and the Air-Shields units with white tubes, 
but there were large differences between the efficiency 
ratio of the blue tubes in these two units, and also 
for the blue and white tube combination. In both 
instances the Vickers was more efficient than the 
Air-Shields umt (P 0-001), in that less radiant flux 
was required for the same decline in bilirubin. 
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Fig. 2 A compaiison of the efficiency ratio of two 
phototherapy units. 
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Discussion 


Jaundiced sera from infants with hyperbilirubinaemia 
and artificially jaundiced model sera showed maxi- 
mum absorption of light between 450 and 460 nm* 
which agrees closely with the observations that blue 
light in this range is most efficacious in photodegrad- 
ation of bilirubin.? The effeet of photodegradation of 
bilirubin in vivo is well known, and there ts evidence 
that the in vitro serum model has the same reaction, 
provided that a physiological solution is used.* The 
Jaundiced model sera used in this study contained 
appropriate amounts of albumin and remained well 
within the bilirubin-stable pH required and should 
have reflected the in vivo state. 

Fig. 1 shows that the decline of bilirubin in white 
light was less effective than that of a combination of 
white and blue tubes, or pure blue only. There 
appears to be no advantage ın using four blue tubes 
as opposed to a combination of two blue and two 
white tubes. Intense blue light is not liked by the 
staff of neonatal nurseries as 1t can cause nausea, 
headaches, and dizziness;® it also gives the baby an 
abnormal colour, making the detection of cyanosis 
difficult. The combination of blue and white light 
gives the infant a more acceptable colour and disturbs 
the staff less. 

The Vickers phototherapy unit is clearly better at 
degrading bilirubin. Less light energy in the measured 
range is required to produce the same effect in 
decline of bilirubin. The principle of exposing any 
patient to the lowest possible radiation, even if the 
radiation is in the form of light energy, is an import- 
ant one. The complications of phototherapy include 
potential long-term harm, and accurate recordings of 
periods of exposure to light and the radiant flux of 
the light energy should be made. 

There is a linear relationship between bilirubin 


breakdown and the degree of light energy used in 
clinical phototherapy.® The Air-Shields unit however 
provides more light energy in the 450 nm wavelength 
than the Vickers for the all blue, and blue and white 
combinations. The degree of bilirubin breakdown 
however is no better than the Vickers unit, suggesting 
that another wavelength may also be contributing to 
the bilirubin decay. A small absorption peak at 
420 nm has been found in jaundiced neonatal skin” 
and this may account for this disparity. It has not 
been possible to measure and compare the emission 
spectra of the two units to see if the Vickers device 
has & broader range over the wider bilirubin- 
sensitive spectrum. 


We thank Dr Herbert Barrie for practical help. 
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Acute water intoxication as another unusual manifestation of child abuse 


J G MORTIMER 


Department of Paediatrics and Child Health, University of Otago Medical School, Dunedin, New Zealand 


SUMMARY A 44-year-old boy developed hypo- 
natraemia with coma and convulsions as the result 


4 of acute water intoxication. Information subse- 


quently obtained strongly suggested that the 
excessive water ingestion was enforced by a punitive 
foster father. 


It is known that child abuse can take many different 
forms. Kempe! listed some of the rarer manifesta- 
tions of this disorder and asked that others should 
be reported so as to improve clinical acumen in 
this difficult field. He quoted, among other mani- 
festations, hypernatraemic dehydration in older 
children, caused by a psychotic parent withholding 
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water to decrease urine production and stop bed 
wetting. In this report, a child developed hypo- 
natraemia as a consequence of acute water in- 
toxication, probably the result of water ingestion 
enforced by a punitive foster parent. 


Case report 


A boy of 44 was brought to hospital in coma with 
generalised tonic-clonic seizures. The antecedent 
history was obtained from his foster parents who 
had been looking after him for 7 months. They 
reported that he had a craving for fluid and an 
excessive urinary output, and that he drank from 
any source, including flower pots and beer bottles. 
On the day of admission he had been drinking from 
a water hose. Early in the evening he had vomited 
and passed one diarrhoeal stool. Shortly after this 
he was found in coma with facial twitching and 
generalised rigidity. 

On initial assessment he was in a deep coma with 
no response to painful stimuli. He was hypothermic 
with a rectal temperature of 33°C. There was 
evidence of multiple injuries. The right arm was in 
plaster for a 2-week-old supracondylar fracture. 
There was a bruise over the left temporal region and 
multiple linear bruises on the posterior aspect of 
the thighs, buttocks, and lover lumbar region. There 
was no evidence of internal or visceral damage, nor 
was there evidence of dehydration, blood loss, or 
circulatory collapse. 

Further questioning of the parents revealed that 
the elbow fracture supposedly followed a fall, and 
that the bruising was the result of chastisement with 
a willow stick. Two explanations for the chastisement 
were given. One, that the child had defecated on the 
bedroom carpet, and the other that he had drunk 
water out of a concrete mixer, 

Despite the external bruising, there was no 
evidence of intracrenial trauma. Skull x-ray showed 
no fractures and no signs of raised intracranial 
pressure. Lumbar puncture yielded a normal cere- 
brospinal fluid (the cerebrospinal fluid pressure was 
not measured). Serum sodium was 117 mmol/l, and 
potassium 3:2 mmol/l; blood urea 6:3 mmol/l 
(37:9 mg/100 ml), blood glucose 10 mmol/l (186 
mg/100 ml) urine specific gravity 1002, ketones 
+-+-+, no sugar. 

Skeletal survey revealed the healing supracondylar 
fracture of the rignt humerus, only. Plain films of 
the abdomen showed considerable distension of the 
stomach. 

The diagnostic possibilities included: diabetes 
mellitus, diabetes insipidus, adrenocortical insuffici- 
ency, intrinsic renal disease, and acute water 


intoxication. The only disorder which fitted all the 
findings appeared to be acute water intoxication. 

The child was treated with rewarming, intravenous 
diazepam (5 mg, two doses), and water restriction. 
A pronounced diuresis ensued with successive 
urine specimens showing specific gravities of 1002, 
1005, 1005, and 1007. Gradually the frequency of 
urinary voiding decreased. Approximately 8 hours 
after admission he regained consciousness, but 
complained of headache. Thereafter, apart from 
some minor vomiting he made a steady and com- 
plete recovery. The next day the serum electro_ytes, 
blood glucose, blood urea, urine analysis, and 
specific gravity were all normal. 

As there was clear evidence of mismanagement and 
maltreatment by his foster parents, the child was 
moved to new foster parents. When the boy was 
discharged from hospital the reason for the episode 
of acute water intoxication was still unclear; the 
tentative supposition was that the child had developed 
compulsive water drinking as a reaction to pro- 
longed emotional deprivation. When seen subse- 
quently, with a new foster mother, he remained well. 
There was no polydipsia or polyuria. Later the 
child said that he had not drunk the water volun- 
tarily but that, ‘Johnny forced the hose in my 
mouth and made me drink the water’. Johnny was 
the previous foster father who had admitted thrash- 
ing the child with a willow stick. When he was later 
asked his views on physical punishment of chidren, 
he stated that the use of the willow stick was not 
excessive, and that when he, himself, had been a 
child he had been punished with a stock whip. 
Despite these and other statements in his own 
defence, the foster father was subsequently prose- 
cuted and convicted on a charge of assault against 
the child. 


Discussion 


Although there was evidence that this child was the 
victim of deliberate physical injury, there was no 
evidence of intracranial injury and the reason for 
his presentation in coma with seizures was at first 
obscure. The demonstration of severe hyponatraemia 
was the clue, which led to a careful consideration of 
the possible causes of hyponatraemia and the sub- 
sequent recognition of acute water intoxicat:on as 
the primary event. 

Symptomatic water intoxication is not unusual 


when fluids are given involuntarily via the gastro- ~a 


intestinal tract, and has been reported after zastric 
lavages and enemas. 

If the child has pre-existing renal disease then a 
sudden water load is especially dangerous as hypo- 
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natraemia develops with great rapidity, and seizures 
and coma can quickly supervene.® 

In a review of ‘abuse dwarfism’! it was noted that 
the characteristic features of psychosocial depriva- 
tion might include, among others, ‘A history of 
unusual eating and drinking behaviour, reversible on 
change of domicile, such as eating from a garbage 
can and drinking from a lavatory, polydipsia and 
polyphagia, enuresis and encopresis, and patho- 
logical family relationships, including unusual 
cruelty and neglect, either somatic or psychic, or 
both’. 

Although this child was not dwarfed the events 
reported include many of the behavioural signs 
Money listed.* However, ıt remains unclear whether 
the acute water intoxication was the result of 
voluntary excessive drinking as a manifestation of 
deprivation or starvation or, as the child stated, was 
because of forced water ingestion from the hose in- 
serted in his mouth. The latter seems a more prob- 
able, albeit bizarre, explanation. Presumably if 


water is forcibly introduced into the oral cavity by 
hose the victim has only two options. Either he 
inhales the water with the probability of drowning 
or he swallows the water with the consequence of 
acute water intoxication. We suggest that forced 
water intoxication be added to the growing list of 
rare manifestations of child abuse. 
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Hypoxia 1n a neonate caused by intermittent positive pressure ventilation 
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SUMMARY A newborn baby receiving mechanical 
ventilation was noted to have an extremely variable 
degree of hypoxia, despite the administration of 
100% oxygen. The hypoxia was relieved rapidly when 
mechanical ventilation was withdrawn. 


Although intermittent positive pressure ventilation 
(IPPV) may improve arterial oxygenation it may also 
cause a number of adverse haemodynamic effects, 
notably an increase in pulmonary vascular resistance 
and a decrease in cardiac output.! In the neonate an 
increase in pulmonary vascular resistance may result 
in extrapulmonary right-to-left shunts through the 
foramen ovale and ductus arteriosus. 

We report a case in which hypoxia occurred 
during unnecessary IPPV of a neonate. The hypoxia 
improved and the fractional inspired oxygen (Fr0;) 
concentration was greatly reduced when IPPV was 
stopped. 

MA 
Case report 


A boy weighing 1290 g was born at another hospital 
by assisted breech delivery with forceps applied to the 


aftercoming head, after spontaneous onset of labour 
at 29 weeks’ gestation. The Apgar score at one 
minute was 5; only pharyngeal suction and oxygen 
administration via face mask were required. Grunting 
and subcostal recession were noted from birth and 
although he was nursed in 50% oxygen, neither 
blood-gas measurements nor a chest x-ray was done 
at this stage. At 30 minutes the baby's colour was 
poor and IPPV was started by oro-tracheal tube, 
with 100% oxygen at pressures of 20/0 cmH,O (peak 
airways pressure/end expiratory pressure). His 
condition improved and from 14 hours he was 
ventilated using intermittent mandatory ventilation 
at 7 breaths/min. 

On transfer to Hammersmith Hospital at 3 hours 
ventilation was continued at 15/0 cmH,O, 30 
breaths/min, and 1:1 inspiratory:expiratory (I:E) 
ratio. These settings were maintained until 10 min 
before mechanical ventilation was stopped. Arterial 
oxygen tension (Pao,) was monitored by an umbilical 
arterial catheter-tip oxygen electrode (Searle) and it 
was noted that there were wide fluctuations in 
Pao,. This was confirmed by monitoring trans- 
cutaneous oxygen tension (TcPo,) (Radiometer): 
recordings were made on a chart recorder (Devices). 
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During this period, wide fluctuations in Pao, 
occurred (Fig. 1, left), the extent of which exceeded 
the capacity of the pen recorder. On other occasions 
there were briefly sustained episodes of hypoxia 
(Fig. 1, centre). Formal blood-gas analysis confirmed 
the Pao, changes, while arterial pH varied between 
7:13 and 7-29 during this period. Arterial carbon- 
dioxide tension (Paco,) remained low throughout the 
period of IPPV, the highest recorded value being 
3:7 kPa (28 mmHg). Systolic blood pressure on 
arrival was 55 mmHg. Using the continuous Pao, 
reading from the umbilical arterial electrode, an 
attempt was made to manage the baby’s oxygen 
requirements by servo-control,? but the wide fluctu- 
ations made adequate control impossible. 

A chest x-ray was normal and at 14 hours it was 
decided to stop IPPV. The oxygen requirements and 
TcPo, during the per-od of withdrawal are shown in 
Fig. 2. (TcPo, is shown due to a failure of the Pao, 





Fig. 1 Variation in oxygen requirements and arterial 
oxygen tension. 


Reduction ventilator pressure to SomH.0 
Removal trom ventilator 





Fig. 2 Reduction in oxygen requirements after removal 
from ventilator. 


recording at that time.) At that stage, the first step 
was a reduction in the peak pressure to 5 cmH,O, 
while the other ventilator settings were unchanged. 
This produced a sudden fall in oxygen requirement. 
When mechanical ventilation was stopped, the baby 
maintained a steady, satisfactory Pao, in 28-30% 
oxygen. The Pao, and F,o, one hour later are 
shown (Fig. 1, right). Within 24 hours the condition 
of the baby was satisfactory in air and no subsequent 
problems were encountered. 


Discussion 


Studies in animals have shown that an increase in 
pulmonary vascular resistance and a decrease in 
cardiac output occur during IPPV, and associated 
with this, there is an increase in right atrial pressure. 


These effects are exacerbated by increasing the ~ea 


inspiratory pressure and the inspiratory:expiratory 
ratio.? The increase in pulmonary vascular resistance 
may be due to pulmonary vascular distortion with 
increasing lung volume, to the direct effect on 
pulmonary capillary flow of a rise in alveolar 
pressure,* and possibly, to the effect of increased 
intrathoracic pressure on left heart function. In 
the neonate, an increase in right atrial pressure will 
result in shunting of blood through the foramen 
ovale and, if pulmonary artery pressure exceeds 
systemic pressure, across the ductus arteriosus. The 
haemodynamic disturbances due to IPPV may be 
expected to be less in babies with stiff lungs, since 
both the pressure transmitted to the mediastinal 
structures" and the effect on lung volume will be less 
than in normal babies. 

The rapid swings in Pao; that occurred in this case 
must have been due to variable right-to-Jeft shunting 
during lung inflation, exacerbated by spontaneous 
respiratory efforts. The episodes of more persistent 
hypoxia were due to continuous right-to-left 
shunting. Estimation of the right-to-left shunt 
showed that it varied from 30 to 60% during short 
periods of time. With the normal chest x-ray and 
subsequently normal Pao, in 28% oxygen, it is 
unlikely that ventilation/perfusion imbalance played 
more than a small part in the hypoxia, which must 
therefore have been due to an extrapulmonary shunt. 

Nelson et al.® described a similar effect with 
continuous positive airways pressure (CPAP) in a 
small proportion of the cases they studied. Hypoxia 
was relieved by decreasing or stopping CPAP. 


Faced with a hypoxic baby being ventilated with ——^- 


100% oxygen and with a normal chest x-ray, the 
main diagnoses to be considered are congenital heart 
disease and persistent fetal circulation. Consideration 
of the former may lead to cardiac catheterisation and 
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of the latter to the administration of experimental 
drugs designed to lower pulmonary vascular 
resistance. There may also be a temptation to 
increase the peak inspiratory pressures in such a 
situation. In the case described, any of the above 
measures might have had dire consequences. 

We have seen hypoxia relieved by stopping IPPV 
on previous occasions, but have been unable to 
document the event. We have also seen patients with 
bronchopulmonary dysplasia whose early neonatal 
course was similar to that described above. 

The indications for IPPV were obscure and this 
case serves as a reminder that IPPV should not be 
undertaken without good reason. It also emphasises 
the importance of proper assessment of a patient 
after transfer from another hospital. 
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SUMMARY Accidental ingestion of eucalyptus oil 
by a 3-year-old boy caused profound central 
nervous system depression within 30 minutes, but he 
recovered rapidly after gastric lavage. The extreme 
toxicity of eucalyptus oil is emphasised. 


—— 


Eucalyptus oil is a traditional remedy for a 
variety of common ailments, particularly of the 
respiratory tract. It is cheap, freely available, and 
found in many households. However, its extreme 
toxicity is not generally appreciated and reports of 
poisonings are rare. With this in mind we report a 
recent ingestion of eucalyptus oil that was nearly 
fatal. 


- Case report 


A 3-year-old Muslim boy was seen within 30 
minutes of ingesting about 10 ml eucalyptus oil. On 
examination he was deeply comatose and his breath 


smelt strongly of eucalyptus. The pupils were con- 
stricted, muscle tone was markedly reduced, and his 
tendon reflexes could not be elicited. His respirations 
were shallow and irregular at a rate of 10/min. The 
pulse rate was 70 beats/min and the blood pressure 
75/40 mmHg. Biochemical investigations on ad- 
mission included a serum urea of 6:3 mmol/l 
(38 mg/100 mD, with normal electrolytes. Initial 
treatment included the insertion of a cuffed endo- 
tracheal tube (which produced no gag reflex), and 
gastric lavage with sodium bicarbonate solution. 
Sodium sulphate 100 ml was left in the stomach as 
a cathartic. 

By 2 hours after admission his pulse, blood pres- 
sure, and respiration rate had gradually returned to 
normal. After 5 hours consciousness had gradually 
been regained, and by 24 hours physical examination 
was normal apart from a faint smell of eucalyptus 
on the breath. Urinary output remained satis- 
factory throughout. He was discharged home 48 
hours after admission. 
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The safe adult dosage of eucalyptus oil as an in- 
ternal medicine is qucted as 0:06 to 0-2 ml.* Death 
in adults has occurrec after 4 or 5 ml, and is usual 
after 30 ml. Recovery however, has been reported 
after the ingestion of 120 to 220 mL? The toxic 
effects of ingestion of this toxic, volatile hydrocarbon 
are rapid in onset and extensive. They include a 
burning sensation in the mouth and throat, ab- 
dominal pain, and spontaneous vomiting which may 
be delayed up to 4 hours after ingestion. Respira- 
tory problems include bronchospasm and tachypnoea, 
with dangerous respiratory depression follow- 
ing severe intoxication. Central nervous system 
involvement includes diminution or loss of reflexes, 
and depression of consciousness which may progress 
to coma. Convulsions are rare in the adult but may 
be prominent in the child Direct nephrotoxicity 
may follow the ingestion of large volumes and 
cutaneous manifestations have been described.® 
The management of eucalyptus oil poisoning? is 
mainly supportive. Attempts to induce vomiting in 
the child should be avoided and the possibility of 
vomiting and aspiration of oil implies that gastric 
lavage should be performed with great care, a cuffed 
endotracheal tube being inserted in the presence of 
central nervous system depression. Urinary output 
should be carefully monitored, particularly when 
hypotension is present or if large volumes of oil have 
been ingested. In severe poisoning, peritoneal or 


haemodialysis is of value.? The role of catharsis has 
not been adequately assessed. 

Although the use of eucalyptus oil is becoming 
less fashionable, the hazards of its ingestion remain, 
particularly in the child. Our case serves as a 
reminder of the severe toxicity of this substance, 
illustrating the rapid onset of its severe respiratory 
and central nervous system effects. 


We thank Dr M H Winterborn for permission to 
report this patient. 
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SUMMARY Aninfant witha severe deficiency of factor 
X presented in the neonatal period with uncontrol- 
lable bleeding from heel prick sites, spontaneous 
bruising, and haematome. The deficiency was con- 
trolled by infusions of dried human factors II, IX, 
and X concentrate; the half-life of the infused factor 
X material is only 18 hours. Despite prophylactic 
weekly infusions of factor X concentrate, the child 
developed a fatal intracerebral haemorrhage when 
only 4 months old. Coagulation studies on both 
parents and the elder sster showed no obvious 
coagulation abnormality. 


Factor X deficiency is a rare bleeding disorder 
inherited as an autosomal incompletely recessive 
trait. Usually the deficient state is clinically relatively 
slight, and for effective haemostasis a factor X level 
>10% is thought to be adequate. 


Case report 


An Indian girl was born after an uneventful preg- 
nancy which had progressed to term. She was 
clinically well and delivery had been normal. A 
prophylactic intramuscular injection of 1 mg 
vitamin K, was given one hour after birth into the 
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right thigh. On day 1 jaundice was noted; the 
serum bilirubin was 260 umol/l (16:3 mg/100 ml) 
and the haematocrit 0-55 from a heel prick sample. 
The infection screen was negative and there was no 
evidence of intravascular haemolysis. On day 2 the 
baby appeared less jaundiced and the bilirubin was 
190 u.mol/1 (11:9 mg/100 ml) with a haematocrit 
0-40. However, that evening an enlarging thigh 
haematoma appeared at the site of the injection, the 
heel prick sites started to rebleed, and spontaneous 
ecchymosis and purpura developed over the left 
shoulder and the lower abdomen. A blood count 
showed Hb 13:1 g/dl, haematocrit 0-39, white 
blood count 12:1 x 10?/l, and platelets 152 x 109/I. 
Early the next morning the baby was covered in 
generalised bruising and purpura, with enlarging 
haematoma in the left shoulder and right thigh, and 
continuous uncontrollable oozing of blood from the 
heel prick sites. The results of the patient's coagu- 
lation studies are shown in the Table. These were 
characteristic of severe factor X deficiency with pro- 
longed prothrombin time, kaolin partial thrombo- 
plastin time, and stypven time. These abnormalities 
were corrected by the addition of normal citrated 
plasma, normal serum, and factor V-deficient plasma, 
but not by the addition of aluminium hydroxide- 
absorbed normal plasma. Specific assays for factor X 
using the stypven time system showed less than 1% 
coagulant activity. Assays for clotting factors II, 
V, VU, VIII, IX, and XII were within normal limits, 
excluding the possibility of multiple combined 
deficiencies. 

The baby was given an infusion of 10 ml Oxford 
factor II, IX, and X type DE (1) concentrate con- 
taining 250 units factor X activity, and 75 ml 
compatible packed red cells. Almost immediately 
the continuous bleeding from the heels ceased, and 
during the next few hours no fresh bruises appeared 
and the haematoma regressed. After the initial 
infusion, factor X assays during the next 40 hours 
determined the half-life of the infused factor X as 
approximately 18 hours. Regular infusions of 


Table Coagulation screen on the child 

Patient Normal range 
Platelet count ( x 109/1) 117 150-400 
Duke bleeding time (min) 15 1-5 
Kaolin PTT (seconds) 120 32-38 
Prothrombin time (seconds) 180 12-14 
Thrombin time (seconds) 17 10-12 
Stypven time (seconds) 120 15-18 
Factor X assay (94) «I 60—170 
Prothrombin time corrections Seconds 
80 4, patient's plasma +20 % normal plasma 20 
80 % patient's plasma 4- 20% absorbed plasma 86 
80% patient's plasma + 20% factor V-deficlent plasma 23 
80 % patient's plasma 4- 20 % normal serum 18 
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factors II, IX, and X concentrate were then given 
during the next 6 days to maintain a factor X level 
2»30 ^5. During this period there was no spontaneous 
bleeding, no fresh purpuric lesions appeared, and 
the cord separated without blood loss. 

The baby was discharged home when 12 days old 
and regular prophylactic infusions of 10 ml factor 
II, IX, and X concentrate were given at approxi- 
mately weekly intervals. However, on four occasions 
the baby developed spontaneous bruising on the 
arms and trunk during the next 3 months which 
required further infusions of concentrate. Despite 
regular prophylactic infusion, she developed a fatal 
cerebral haemorrhage when 4 months old. 


The family 


Both parents were Indian. There was no history of 
consanguinity but both parents had come from the 
same village in India. They had one other child, a 
healthy girl, 14 years old. There was no family 
history of any excessive bleeding tendency. Coagu- 
lation studies performed on the parents and sister 
were within normal limits. The factor X level in 
the father was 95%, the mother 77%, and the 
sister 80%. 


Discussion 


Congenital deficiency of factor X was first described 
in 1956.2 Since then about 25 cases have been 
recorded, including 3 other cases of factor X 
deficiency in an Indian family.? Several forms of the 
defect have been described including patients with 
an abnormal factor X molecule and decreased 
coagulant activity.* In another variant the factor X 
assay is low only when tissue thromboplastin 
instead of the stypven time system is used. 

Our patient had a severe clinical bleeding disorder 
with <1% factor X procoagulant activity and a 
prolonged bleeding time. The abnormal bleeding 
time with normal platelet aggregation studies is 
unexplained, but a prolonged bleeding time has been 
reported in severe factor X deficiency.’ 

Spontaneous bleeding episodes in the neonatal 
period and a fatal brain haemorrhage when 4 
months old reflect the severity of the deficiency. 
Intracerebral haemorrhages have been described in 
2 other patients with severe factor X deficiency.® 

Bleeding was arrested after the infusion of 250 
units factor X concentrate. The effective half-life of 
the infused factor X material was approximately 
18 hours. This is at variance with previous estimates 
of the half-life of infused factor X, which have 
ranged from 32 to 48 hours.’ It is important to 
establish the half-life of infused coagulant material 
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in patients with severe clotting factor deficiencies, 
especially when they are actively bleeding, as the 
half-life may vary considerably from patient to 
patient. The bleeding in our patient during the neo- 
natal period was controlled by daily infusions of 
factor X concentrate to maintain a level of factor X 
coagulant activity >30% for 6 days. 

Previously, family studies have reported factor X 
activity in heterozygotes ranging from 30 to 7075 
and normal homozygous factor X activity ranging 
from 70 to 170%.8 Both our patient's parents and 
elder sister had factor X activity within the lower 
normal range. However, in all congenital coagu- 
lation factor deficiencies, there is considerable over- 
lap between the range of coagulant activity in 
obligate carriers and the normal population, and 
the possibility of a spontaneous genetic mutation 
cannot be excluded. 
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Scottish Paediatric Society 


At the Annual General Meeting held at the Western 
General Hospital, Edinburgh, on Friday 23 
November 1979, the President, Dr W H Galloway, 
was in the chair. Dr E N Coleman was re-elected 
Secretary and Treasurer. 


Monoarticular juvenile rheumatoid arthritis. K M 
Goel, N J Blockey, and A A M. Gibson. Royal 
Hospital for Sick Children, Glasgow. 


22 children (17 girls, 5 boys) presented with mono- 
articular juvenile rheumatoid arthritis (MJRA) from 
1963 to 1978. Seven developed further joint involve- 
ment and this took place between 6 months and 
34 years after onset. 15 patients still had MJRA 
during a follow-up period that ranged from 1 to 16 
(mean 6) years. Chronic iridocyclitis was seen in 3 
boys, 2 with antinuclear antibodies. Children with 
MJRA, and particularly those with antinuclear 
antibodies, should have periodic ophthalmic assess- 
ment. Synovial biopsy was of value primarily 
for excluding other causes of arthritis; there was 
limited correlation between histological appearances 
and the subsequent course of the disease. 


Colonisation of a neonatal intensive care unit by 
Enterobacter cloacae. Clinical and pathological 
sequelae. J F B Dossetor, J Givan, T A McAllister, 
A Patrick, and M. M. Kerr. Royal Hospital for Sick 
Children, Glasgow. 


During a busy period in a neonatal intensive care 
unit, with up to 6 infants being ventilated 
simultaneously, the primary organism recovered 
from most of the intensively-treated infants was 
Enterobacter cloacae. In a previous survey in 1971 in 
the same unit E. cloacae was isolated from the stools 
of 9:857 of normal infants on day 5. Analysis of the 
case records of infected infants suggested that the 
organism might be selectively encouraged by the use 
of cephalosporins and that it might be transferred 
from patient to patient in the intensive care area by 
staff. Three infants who died during this period and 2 
who had died during the previous 6 months had £. 
cloacae cultured from multiple sites at necropsy. 
Histology usually showed little inflammation at the 
tissue sites from which isolation occurred. One 


infant died of E. cloacae meningitis but all other 
deaths were attributed to unrelated causes. No infant 
colonised by E. cloacae and not otherwise ill, 
suffered adversely; this suggests that the organism 1s 
of low virulence for otherwise healthy infants. 


Renal vein renin measurements in childhood hyper- 
tension. C S Nelson and A V Murphy. Royal Hospital 
for Sick Children, Glasgow. 


23 patients aged 1 to 16 years with sustained hyper- 
tension were investigated by renal vein renin 
measurements. At renal vein catheterisation samples 
were drawn from both renal veins, inferior vena cava, 
and femoral vein. Renin levels were measured either 
as plasma renin concentration or plasma renin 
activity. In 30 procedures there were no serious 
complications and only one technical failure. 
Analysis of results showed that 11 patients had 
evidence of asymmetrical renin release. 10 of these 
also had contralateral suppression. Nine were 
treated by surgery. Seven, as judged by normal blood 
pressure without treatment, obtained a complete 
cure on follow-up 8 months to 4 years later (average 
26 months) Five of these had unilateral, and 2 
bilateral, renal disease. In the remaining 2 there was 
improved blood pressure control. Renal vein renin 
studies now have an established place in the manage- 
ment of childhood hypertension. It is important to 
investigate all patients, irrespective of whether their 
disease is unilateral or bilateral. Improved control 
or the abolition of hypertension can be expected in 
many of those investigated. 


Home use of medicines and remedies in Dundee 
children. A J R. Waterston and K. le Dez. Department 
of Child Health, Ninewells Hospital and Medical 
School, Dundee. 


A survey was carried out by means of a questionnaire 
to parents and retail pharmacists on the use of 
proprietary remedies for the treatment of diarrhoea, 
cough, and raised temperature in pre-schoolchildren 
in Dundee. 134 mothers were questioned at two 
child health clinics about recent symptoms in their 
pre-schoolchildren. 67 gave positive information 
about complaints and 59% of these had self- 
medicated their children. In addition, 5 pharmacists 
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were questioned, both openly and by a simulated 
mother. The various products that can be obtained 
from retail pharmacists were listed. In the case of 
diarrhoea little attempt was made by the pharmacist 
to elicit important symptoms, such as vomiting, and 
no specific advice was given on the type or quantity 
of fluid which should be given to the child. In view 
of the large number of parents using proprietary 
remedies and the inadequate advice given by 


pharmacists, it was suggested that (1) information 
sheets should be available at chemist shops, child 
health clinics, and surgeries on the treatmen- of 
certain specified disorders; (2) pharmacists should be 
given simple training on suitable advice for tnese 
complaints; (3) the range of proprietary drugs for 
cough and diarrhoea in infants should be restrizted 
in view of their ineffectiveness and possible harmful 
effects. 


Archives of Disease in Childhood, 1980, 55, 411—414 
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Bacteria, arthritis, and skin lesions 
due to Kingella kingae 


Sir, 

Kingella (Moraxella) kingae, a Gram-negative, non- 
encapsulated, nonmotile aerobic coccobacillus, is an 
occasional inhabitant of the upper respiratory tract.! 
Rarely has ıt been associated with disease. Recently we 
cared for a young leukaemic patient in whom an episode 
of Kingella kingae septicaemia occurred. Illness in this 
child was associated with cutaneous and articular 
manifestations similar to those described in cases of 
sepsis caused by other members of the family of 
Neisserieae. 

A 4-year-old boy with acute lymphocytic leukaemia in 
relapse was admitted with vesicular stomatitis, rash, and 
fever which had been treated with nystatin oral suspension 
for 2 days. He was listless but arousable and his rectal 
temperature was 38-6°C. There was a vesicular, pustular 
eruption affecting both lips, and the gums and tongue 
were coated with a yellowish-white friable plaque. Skin 
examination showed a vesicle (5 mm in diameter) on an 
erythematous base on the dorsum of the right hand, two 
erythematous papules (1 cm in diameter) on the extensor 
surface of the left forearm, and an erythematous papule 
(0-5 cm in diameter) on the plantar surface of the left foot. 
Gram stain of the oral plaque showed mixed bacterial 
flora, particularly Gram-negative bacilli; no budding 
cells or pseudohyphae were observed. The WBC was 
0-77 x 10°/1 with 8% polymorphonuclears, 12% 
bandforms, 42°% lymphocytes, 10% monocytes, 2% 
metamyelocytes, and 26% lymphoblasts; the platelet 
count was <5-0 x 10°/1. Treatment was started with 
intravenously-administered gentamicin and carbenicillin. 

On day 2 in hospital the left knee was noted to be 
erythematous, warm, swollen, and tender, but without 
evidence of a joint effusion. On day 3 two blood cultures 
taken on the day of admission were each reported to be 
growing a Gram-negative coccobacillus, subsequently 
confirmed to be M. (kingella) kingae, sensitive by disc 
diffusion susceptibility testing to chloramphenicol, 
tetracycline, gentamicin,  carbenicilin, ampicillin, 
tobramycin, and polymixin B. The patient became afebrile 
on day 4. The skin lesions and left knee joint resolved, and 
repeat blood cultures were sterile during a 14-day course 
of the combined antibiotics. 

Human strains of K. kingae have been isolated from 
nose, throat, blood, joint fluid, and bone.! One isolate 
was obtained from the blood of a child with congenital 
heart disease and endocarditis.* The organism has also 


~e been recovered from patients with pharyngitis, laryngitis, 


and an eyelid abscess, as well as from routine nose and 
throat swabs.? In this case, the severe stomatitis, whether 
or not caused by K. Kingae, may have provided the portal 
of entry for the organism. The cutaneous and articular 


manifestations might have been the result of haemato- 
genously disseminated infection to skin and periarticular 
tissues. Such a syndrome is a recognised feature of 
disseminated infection due to Neisseria gonorrhoea and 
has been reported in an adult with sepsis caused by 
Moraxella osloensis* Moreover, Moraxella sp. have 
been reported to cause sepsis, and septic arthritis in 
children.9-? Neisseria, Moraxella, and Kingella genuses 
are all members of the family of Neisserieae. The genus 
Kingella has recently been separated from the genus 
Moraxella by its haemolytic activity and characteristic 
biochemical reactions. However, definition of the exact 
role of K. kingae as a human pathogen will depend on 
further clinical experience, better laboratory recognition, 
and reporting. 
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Conservative care of the newborn baby 


Sir, 

Much criticism has been made of Dr Hughes-Davies's 
report! on the comparison of conservative and intensive 
care of the newborn baby. Much of this criticism centres 
on the unsatisfactory nature of his comparisons of 
mortality rates for very low birthweight babies at 
Salisbury with those for England and Wales, his Wessex 
neighbours, and University College Hospital, London.*-? 
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I should like to suggest that his study can be criticised 
merely on the grounds of the small size of his sample. 

The only direct comparison of the figures for matched 
groups that he makes is that of the first-week mortality of 
babies with birthweights between 751 and 1000 g and 
gestational ages of less than 30 weeks, between his unit in 
Salisbury and that in UCH, London. There was no 
significant difference in mortality. 

It is important, however to establish how high or how 
low the Salisbury mortality would have to be to show a 
statistically significant difference from that at UCH. It is 
possible to do this using a 2 x 2 contingency y? test. 

Keeping the UCH mortality figures for this group of 
babies and the total number in the same group at Salisbury 
constant, different proportions for the live and dead 
subgroups in Salisbury can be substitute. 


Table Comparison of different possible levels of 
mortality at Salisbury, with the observed mortality at 
UCH 


Observed mortality of 76% 


Lived Died Total 
Salisbury 5 16 21. 
UCH 8 32 40 
then x2 = 0.0003, P0 05. 
Hypothetical mortality of 52-4% 

Lived Died Total 
Salisbury 10 11 21 
UCH 8 32 40 
then x2 = 3.8094, P>0-05, 
Hypothetical mortality of 100% 

Lived Died Total 
Salisbury 0 21 21 
UCH 8 32 40 





then x? = 3.2381, P>0-05, 


Out of a total of 21 babies in Salisbury, 16 died, a 
mortality of 76%. x? for the observed figures compared 
with those at UCH is 0-0003, P>0-05. If 11 out of the 21 
babies in the Salisbury group had died, thet is a mortality 
of 52-4%, then y! = 3-8094, P>0-05. If all 21 Salisbury 
babies had died, a mortality of 100%, the y* = 3-2381, 
P>0-05. So, with this sample size, a mortality in Dr 
Hughes-Davies's unit of anywhere between 53% and 
100% would not have been significantly different at the 
5% level from the results obtained at UCH. 

In summary, it is possible to ignore any criticisms of the 
nature of the comparisons of mortality made by Dr 
Hughes-Davies. With this sample size, the range oi 
mortality possible at Salisbury, without it differing 
significantly from the mortzlity at UCH, is so great as to 
make impossible any conclusions about the comparative 
merits of the methods of care. 


I thank Professor Tizard for his help and encouragement. 
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Prostaglandin synthetase inhibitors 
and pulmonary hypertension 


Sir, 

In response to the paper by Wilkinson et al.! on persistent 
pulmonary hypertension in 3 neonates after maternal 
treatment with a prostaglandin synthetase inhibitor 
(naproxen) we describe twins who were exposed in 
utero to the largest recorded dose of indomethacin. 

A 28-year-old gravida 2, para 1, had a Shirodkar suture 
inserted during the 26th week of a twin pregnancy becatse 
of a dilating cervix. Continuing cervical dilatation and 
increased uterine activity resulted in the stitch cutting 
through the cervix despite venous infusion of beta 
sympathomimetcs. The patient, a doctor who was aware 
of the potential side effects of prostaglandin synthetase 
inhibitors, was given indomethacin 100 mg rectally with 
immediate reduction in uterine activity and no further 
dilatation of the cervix. A total dose of 500 mg 
indomethacin was given rectally over 48 hours. Subse- 
quently the patient treated herself with indomethacin 
25 mg orally as required until the 35th week of the 
pregnancy. The total dose of indomethacin was 1900 mg. 

Spontaneous rupture of the membranes and vaginal 
delivery of live boys weighing 3-09 kg and 2-69 kg 
occurred at 37 weeks. Both babies breathed spontaneously 
at birth and were pink in air at one minute. Examination 
showed no abnormality in the cardiovascular cr 
respiratory system. At the age of 12 months they remain 
healthy. 


We thank Mr P J Murphy and Dr D W Warrell for 
allowing us to report on their patient. > 


References 


1 Wilkinson A R, Aynsley-Green A, Mitchell M D. 
Persistent pulmonary hypertension and abnormal 
prostaglandin E levels in preterm infants after maternal 
treatment with naproxen. Arch Dis Child 1979; 54: 942-5. 


M J JOHNSTONE AND M L CHISWICK 
St Mary's Hospital. 

Whitworth Park, 

Manchester M13 0JH 


A prospective study of 18 infants of 
chronic HBsAg mothers 


Sir, 
I read with interest the paper by Mollica et al. and should 
like to add the results of our prospective study for 
comparison with other Mediterranean countries on 37 
HBsAg mothers who were found among 1002 pregnant 
women attending a maternity hospital. Although 3-7% of 
the mothers were positive for HBsAg, only in 0-1% of 
cord blood specimens was HBsAg demonstrable by 
counter electrophoresis. 15 of the babies of HBsAg 
mothers were followed up every 2 months for a 4- to 9- 
month period for HBsAg determinations. Only one baby 
became HBsAg-positive during this time, without any 
evidence of hepatitis. 12-8% of our neonatal hepatitis 
cases are HBsAg-positive using the same method. 
Anti-HBs was present in the sera of 2 mothers, and in 
the cord bloods of their babies, without HBsAg being 
present. 
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Professor Mollica and co-workers comment: 


Professor Ozsoylu gives additional data concerning 
maternofetal transmission of hepatitis B virus infection 
obtained in a Mediterranean country with a fairly high 
prevalence of HBsAg carriers. The figures for HBsAg 
positivity in cord bloods (1:37) and sera at follow-up 
(1:15) in infants of chronic HBsAg mothers are lower 
than those in our series (5:9 and 4:18); this is not sur- 
prising as counter electrophoresis has a lower sensitivity 
then radioimmunology.! 

Despite the poor sensitivity of his method, Professor 
Ozsoylu found HBsAg in 5 of 39 (12.8297) cases of 
neonatal hepatitis. This confirms that many cases of 
neonatal hepatitis in the Mediterranean area. are due to 
hepatitis B virus, and attempts to prevent this dangerous 
infection in newborn babies at risk are justified. 
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Carrier detection in Duchenne 


muscular dystrophy 

Sir, 

In a recent article on carrier detection in Duchenne 
muscular dystrophy, Sibert ef al! concluded that their 
data support Haldane’s rule that one-third of the cases 
should be due to new mutation. We believe that they have 
misinterpreted Haldane’s statement. 

Haldane* showed that of all cases of an X-linked recessive 
disease in a given generation, a fraction (1—f)uy/2p + v 
should be due to new mutation, where f = fitness 
of affected boys and u, v are mutation rates in eggs 
and sperm, respectively. For a genetically lethal disease, 
such as Duchenne muscular dystrophy, f — O. If in 
addition we assume that p = v then the familiar form 
of Haldane's rule results: in each generation, one-third 
of the cases of a lethal X-linked recessive disease should 
be due to new mutation. 

Instead of using all cases, Sibert eż al.* restrict their 
analysis to mothers of isolated cases. However, the 
expected proportion of new mutants among isolated 
cases is not one-third. Since mothers with 2 or more 
affected sons are obligate carriers, eliminating them 
results in a group of mothers with an expected pro- 
portion of noncarriers greater than one-third. The exact 
proportion of noncarriers expected depends on the 
distribution of sibship sizes in the population, but ıt is 
always greater than one-third under the same assumptions 
that lead to Haldane's rule.* Thus, if Sibert e£ al. find 
one-third of the mothers of isolated cases are noncarriers 
it may be evidence that more cases than expected are 
inherited. This can result from violation of any of the 
assumptions under which Haldane's rule is derived. For 
example, if the mutation rate is higher in sperm than 
eggs there will be an increased number of women who are 
carriers because they received a new mutation from their 
fathers. Evidence that significantly fewer than one-third 
of Duchenne muscular dystrophy cases are due to new 
mutation had been presented in several recent reports.*^* 
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Dr Sibert and co-workers comment: 


Bucher and Ionasescu are correct in stating that if only 
isolated cases of Duchenne muscular dystrophy are 
considered, more than one-third would be expected to be 
new mutations according to the Haldane rule. However, 
this in no way affects the conclusions from our data which 
are: (1) that the creattne phosphokinase distribution of 
mothers of isolated cases is incompatible with the great 
majority being carriers, (2) that the distribution is 
compatible with one-th:rd being new mutations. 

Numbers are insufficient to determine the precise 
proportion of new mutations in this group, but we remain 
unconvinced that there is any substantial evidence 


favouring inequality of mutation rate between the sexes 
or any other reason for deviation from the Haldane rule 
in Duchenne muscular dystrophy. We also stress that in 
genetic counselling of each new case without family 
history, a prior risk of one-third of such a case representing 
a new mutation is the correct figure based on the Haldane 
rule, and in our opinion this is the prior risk that should 
be used until more definitive tests of carrier status are 
available. 


J R SIBERT, P S HARPER, AND R G NEWCOMBE 
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Book reviews 


dan Patients in Hospital and at Home. 
7 Alix Henley. (Pp. 188; illustrated + 
Sles. £5-50 hardback.) King Edward’s 
3spital Fund for London: London.1979. 


:w of us can be complacent about the 
'alth service we provide for Asians: the 
ck of trained interpreters, the lack of 
ypropriate food in hospitals, and the 
ck of training—of clerical workers to 
al with their names, and of nurses and 
3ctors to provide appropriate help. The 
ist record 1s one of rudeness and thought- 

ness. The prospects are not bright; 
ren medical schools 1n those cities with 
rge Asian communities rarely give 

;ecific training about them. 

Our inadequacy at understanding and 

elping them 1s one of the reasons why 

sian patients occupy a disproportionately 
irge number of hospital beds and take up 
disproportionately large amount of out- 
atient clinic time. Alix Henley's new book 
“hould help to remove some of our 
jadequacies. It is an outstandingly 
seful, well produced, and attractively 
sresented book. Miss Henley is an 
xperienced teacher of English to people 
rom overseas and, like all good teachers, 
he has learnt much from her pupils. Her 
vork and this book have been supported 
3y the King Edward’s Hospital Fund who 
E: be congratulated on money well 
"bent. 
The book begins with an account of the 
ireas from which Asians have come to this 
:ountry and includes useful sections on 
«heir home life, religion, and cultures. 
[here are helpful sections on Asian names, 
diets, clothes, jewellery, and languages. 
This is a practical book. By considering the 
background and beliefs of Asian families 
she explains the common problems we 
encounter—such as their noncompliance 
with doctor’s prescribed treatment. She 
gives detailed advice for the hospital 
worker as well as for the health visitor or 
doctor making a home visit that will make 
the visit both courteous and useful. 

. This book should be obligatory reading 
fof àll doctors and will be particularly 
appreciated by those who have already 
experienced their inadequacy with Asian 
patients. It is the most useful book that I 
have come across in the last 5 years, and if 


Miss Henley will now write in each of the 
main Asian languages a leaflet that we can 
give to the parents of Asian children when 
they are admitted, telling them something 
about the children’s wards, their role, and 
the child’s needs in hospital I promise to 
send her a large bunch of roses. 


ROY MEADOW 


The First Year of Life. Psychological and 
Medical Implications of Early Experience. 
Edited by David Shaffer and Judy Dunn. 
(Pp. 221; illustrated + tables. £11 80 
hardback.) Wiley: Chichester. 1979. 


This book is a collection of essays by a 
number of the most distinguished and best 
known research workers in child develop- 
ment and child psychology in the last 10 
to 15 years. Each chapter reviews the 
research and current thought on a 
particular aspect of early, mainly adverse, 
experiences in childhood and their 
outcome. 

The subjects covered are, briefly, these: 
social or responsive behaviour in the first 
week of life, by M Packer and D 
Rosenblatt, with a large bibliography of 
the recent work. Effects on ‘development’ 
of medical interventions ın labour and 
separation of babies from mothers after 
birth: an excellent critique of the counter 
movements to the so-called ‘engineering’ 
approach to childbirth, by Martin 
Richards with his usual forceful clarity. At 
least short-term predictions can be made, 
both good and bad, pointing to necessary 
changes in staff attitudes and roles in 
hospitals. Correlations between neuro- 
behavioural findings in preschool and 
older children and pre- and perinatal 
complications, by A F Kalveboer from 
Groningen. The correlation proves to be 
weak An apathetic infant seems to be the 
one we should be the most concerned 
about. Continuity beyond infancy of 
individual differences in babies (that is, 
not what he does, but kow he does it) is 
discussed by Judy Dunn. However obvious 
it seems to us as parents, we are not 
permitted to think that such continuity 
can be proved. 
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Other chapters include psychoanalytical 
theory, cross cultural perspectives, 
‘intentional’ behaviour 1n infants (is there 
such a thing?), the ‘ontogeny of human 
empathy’, Down's syndrome—child/ 
mother communication and an interesting 
study by Fae Hall and others, of the 
mothering behaviour of women who in 
childhood experienced disrupted family 
life, from  bereavement, divorce, or 
separation; mothering which, by certain 
criteria, is found to be inferior. 

Two chapters stand out as particularly 
readable, perhaps because of the lesser 
complexity of their arguments and the 
clarity of their conclusions. One is by 
Anne M Clarke and A D B Clarke on 
early adverse experience and its limited 
effect on later development. “There is no 
experience’ they say ‘from which children 
have not recovered partly, or wholly, 
granted some change in their circum- 
stances.’ In programmes for alleviation of 
an early deprivation the circumstances of 
middle and later childhood must be a 
major focus. The other paper is by 
Barbara Tizard, on residential nursery 
rearing with later restoration to the natural 
mother or with adopters and assessment 
at 2, 4, and 8 years. So important ıs 
continuity of parental care, she concludes, 
that if it 1s not possible or if it is truly 
undesirable to keep a child in his own 
home, then the only alternative should be 
adoption. Paediatricians, psychiatrists, and 
social workers will always have their 
worries about the prognosis after a 
stressful infancy. If however one can feel 
that continuity of further care, plus 
concern, is a certainty one’s pessimism 
about the outcome of even the worst 
travesties of nurture turns to optimism; 
especially if the duration of that stress was 
short relative to the subsequent care. 

Hospitalisation is briefly touched on by 
several of the authors. It would have 
enhanced this valuable book if a chapter 
on the long-term effects of hospitalisation 
of young children could have been 
included, particularly in cases where 
painful stress, anxiety, and separation are 
cumulative. Our worries are still based too 
much on anecdote. Could not an author of 
the same calibre have been found to do 
this? 
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The writers of these papers have had to 
describe extremely complex research 
work, avoid over-simplificetion lest a 
point be lost, and also to condense. No 
wonder the reading is toilsome. But let no 
one suppose, as they might from the 
title of the book, that this is just a primer 
of development from birth to one year. It 
is a book by psychologists for other 
psychologists and they are not talking 
down to anyone. 

DERMOD MACCARTHY 


A Reference Manual of Growth and 
Development. By J M H Buckler. (Pp. 104; 
illustrated + tables. £5.50 hardback.) 
Blackwell Scientific: Oxford. 1979. 


Since the accurate assessmen: of growth 
and development is fundamental to the 
trade, most paediatricians carry with them 
more or less stained and dog-eared 
folders of growth charts and aides- 
memoire to development. Jt was an 
excellent idea, therefore, to collect the 
most useful of these in compact book form. 
The value of the book rests on the 
selection of data and the quality of 
reproduction. Fortunately tke Tanner- 
Whitehouse growth data are indisputably 
the best available for English children and 
their bi-acromial and bi-iliac diameters, 
skinfold thickness, pubertal development, 
and prediction of adult height are included. 
In addition there are norms Zor surface 
area, dental development, embryonic 
development, gestational age assessments, 
developmental assessment, ventilatory 
function, ECGs, kidney size, and urine 
volume. Each section is introduced 
briefly. Inevitably, each reader will regret 
some omissions (why is the Denver 
Developmental Screening Test described 
but not illustrated 7), and inclusions (are 
these bone age illustrations of real use?), 


but to me, the selection seems eminently 
sensible and balanced. Because of the 
restriction imposed by the page size, the 
reproduction of some of the charts is not 
as clear or as detailed as the originals 
but it is always adequate. Few paedia- 
tricians, GPs, and others concerned with 
growth and development in children 
would fail to benefit from the presence of 
this useful little book beside them as they 
work. 

N D BARNES 


Secretory Otitis Media and its Sequelae. 
Monographs in Clinical Otolaryngology, 
vol. 1. By Jacob Sadé. (Pp. 321; illustrated 
+ tables. £19-50 hardback.) Churchill 
Livingstone: Edinburgh. 1979. 


It is a pleasure to review this excellent and 
valuable book. The subject, known in this 
country as ‘glue ear, is a condition so 
common that no person who comes in 
contact with children—whether GP, ENT 
surgeon, paediatrician, or indeed audio- 
logist, speech therapist, or teacher—can 
avoid meeting it frequently. Despite this 
continuous contact, there are few subjects 
that attract more questions to the 
specialist, more invitations to lecture, and 
more concern from parents. 

Professor Sadé, who has edited this 
book, has also written most of the 
chapters. He has studied this field for 
many years and his contributions have 
always been valuable, so it is as a well- 
recognised expert that he brings all that is 
known together in this way. He covers the 
clinical and experimental field in a 
masterly manner and introduces through- 
out an original touch which excites the 
imagination. In asking Professors Tos, 
Lim, Bernstein, Silberberg, and Dolan 
to write special chapters he has covered 
the fields of histology, microbiology, 


immunology, biochemistry, and radiolc 
in a manner more complete than e 
before. Each writer is an expert, 
considerable stature and adds enormou 
to the value of the book. Professor M 
Bergnan, with his vast experience both 
America and Israel, writes a clear a 
up-to-date chapter on the audiology 

this condition which should be read 

everyone who carries out tests a 
interprets them. 

My only regret is that Professor Sa 
did not also include a chapter on t 
accumulating, if recent, knowledge on t 
linguistic and educational problems 
the children who suffer from this commi 
condition. These are less often descrilx 
and less well known and it would ha: 
been useful to find them in what is 
perfect book. m 

The publishers announce  furth 
monographs in this series and if they a 
all of this exceptional standard they are | 
be warmly thanked. 

ELLIS DOUE 
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Basis and Practice. Second edition. E 
Mervyn J Eadie and John H Tyre 
(Pp. 338; illustrated + tables. £17.( 
hardback.) Churchill Livingston 
Edinburgh. 1980. 


Knowledge of clinical pharmacology 
becoming increasingly important 
practical patient management, and in 
field is this more true than in the use“ 
anticonvulsants. This is a useful sour 
book on the pharmacokinetics, mode 
action, and unwanted effects of tl 
commonly used anticonvulsants. Not 
textbook of epilepsy, but a useful book fi 
those who treat it. 
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of Medicine, Garyounis University, Benghazi, Libya (S.P.L.A.J.). 





THE HEINZ FELLOWSHIPS 
OF THE BRITISH PAEDIATRIC ASSOCIATION 


H. J. Heinz Company Limited generously endows Fellowships in Paediatrics which the Nuffield 
Foundation administers in conjunction with the British Paediatric Association. * 


Two or three Fellowships will be offered each year, the number and type awarded in any one year 
depending on circumstances and the calibre of applicants available. 


The types of Fellowship, which are open to men or women are: 


A To enable een from any part of the Commonwealth overseas to spend up to twelve weeks 
in the United Kingdom, meeting British paediatricians and seeing something of their work. Preference 
will be given to those recently established in an academic career who can arrange their visit to allow 
attendance at the Annual General Meeting of the British Paediatric Association in April 1981. 


B Fellowship B scheme has been discontinued for the time being. 
C To enable a paediatrician from the United Kingdom of Senior Registrar or Consultant status, but in 


the early years of professional life, to make a short working visit (up to three months) to a centre in a 
developing country, teaching or conducting research so as to benefit both fellow and hosts. 


Applications for these awards must be received by the Nuffield Foundation not later than 31st December 
1980. 


Applications for C Fellowships can be accepted up to 31st January 1981. 


The conditions for the Fellowships and application forms may be obtained from the Director of the 
Nuffield Foundation, Nuffield Lodge, Regent’s Park, London NWI 4RS. 
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Annotation 


Lactoferrin in human milk: its role in iron absorption 
and protection against enteric infection 1n the 


newborn infant 


The existence of lactoferrin was first reported by 
Sørensen and Sgrensen,! who observed a red protein 
fraction in human milk. The protein was first 
isolated by Groves? from bovine and by Johansson? 
from human milk, and subsequent studies showed 


_ that this protein (which has been variously called 


red milk protein, ekkrinosiderophilin, and lacto- 
transferrin) is strikingly similar in many respects to 
the serum iron-binding protein transferrin. Human 
milk is unusually rich in lactoferrin, the normal 
concentration ranging from about 7 mg/ml in colo- 
strum to not less than 1 mg/ml in mature milk.* 
Although bovine colostrum also contains up to 3 
mg/ml lactoferrin, levels drop very rapidly as 
lactation proceeds, so that mature bovine milk 
normally contains only 20-200 ug/ml lactoferrin.’ 
Lactoferrin is now known to be present also in 
various other exocrine secretions (vaginal, nasal, 
bronchial, and intestinal), in pancreatic juice, and 
in the secondary granules of neutrophils.9-? Al- 
though there has been a great deal written about 
the structure, iron-binding properties, and in vitro 
biological activities of lactoferrin, no im vivo bio- 
logical function has as yet been unequivocally 
established for it. The possible role of milk lactoferrin 
in iron absorption and in the control of the intestinal 
microflora of the newborn is discussed, as is the 
ability of lactoferrin to remain undegraded in the 
gastrointestinal tract of the infant. 


Structure and biochemical properties of Jactoferrin 


Although lactoferrin has been identified in a wide 
variety of species* almost all studies on the structure 
and iron-binding properties have been carried out 
with proteins of human or bovine origin. Lactoferrin 
closely resembles transferrin in that it consists of a 
single polypeptide chain of molecular weight 
75 000-90 000,971? and that it binds two ferric ions, 


~y together with the synergistic binding of two bicar- 


bonate ions." It differs in being considerably more 
basic—the pl of transferrin is 5-9, that of lacto- 
ferrin ~ 9-0? —and in having an even higher associ- 
ation constant for iron-binding.i? As a consequence 


lactoferrin, in the presence of a relatively low- 
affinity iron chelator such as citrate, retains its iron 
below pH 4:0, whereas that of transferrin is lost as 
the pH is lowered from 6 to 5.* Further details of 
some of the physicochemical properties of lacto- 
ferrin are given by Parry and Brown.!4 


Survival of lactoferrin in the gastrointestinal tract 


Discussion of the function of lactoferrin ingested by 
the breast-fed baby must take into account whether 
or not the protein reaches and can remain in the 
intestinal tract without being destroyed by gastric 
acidity or proteolytic activity. This aspect has been 
the subject of little discussion and of even less experi- 
mental work, and an attempt to assess the possible 
influence of these factors seems pertinent. 

Although data vary somewhat, there seems to be 
general agreement that both acid and pepsin pro- 
duction in the newborn infant are low in relation to 
body weight compared with adult levels, and increase 
slowly with age.9-1*5 Certainly there is very little 
gastric proteolytic activity in newborn infants," but 
these infants can nevertheless digest milk proteins, 
presumably due to pancreatic protease production, 
which appears to be comparable with that of 
adults.1571? This digestive ability increases with age, 
so that while newborn infants cannot completely 
digest milks containing >1-3% protein, those of 
4 months can digest milk containing 2 5% protein.” 
This increase in overall digestive capacity during 
early life presumably occurs as a result of the increase 
in gastric proteolytic activity, given that pancreatic 
protease activity remains fairly constant. In this 
connection it should be pointed out that the dis- 
covery by Laskowski and Laskowski?! of a trypsin 
inhibitor in bovine colostrum has been quite un- 
justifiably extrapolated, even by the American 
Academy of Pediatrics," as indicating that an 
analogous inhibitor in human milk or colostrum 
would protect lactoferrin from digestion in the 
infant’s gastrointestinal tract. In fact, no such 
inhibitor of this type, which is acid resistant,?3 exists 
in human milk, which contains only low levels of an 
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acid-labile (denatured below pH 6-0) inhibitor 
analogous to serum a-l-antitrypsin.?* It is unlikely 
that this small amount of labile trypsin inhibitor 
could significantly affect trypsin activity in the 
intestine of the human infant. 

The most important feature of lactoferrin in 
regard to its susceptibility to proteolysis is the 
extreme lability of the iron-free (apo) form. In an 
in vitro study of the effect of trypsin on the apolacto- 
ferrin-mediated bacteriostatic action of bovine 
colostrum, it was found that bacteriostasis was lost 
more rapidly than was specific antibody activity in 
the colostrum,” indicating that apolactoferrin is 
more susceptible to proteolysis than are immuno- 
globulins. Biochemical studies have shown that 
(bovine) apolactoferrin is rapidly degraded by 
trypsin to small peptides, whereas the iron-saturated 
form is relatively resistant to prolonged tryptic 
digestion, and gives rise only to large fragments 
which retain their iron-binding capacity.” Pepsin, 
however, can partly digest the (human) iron- 
saturated protein, leaving a half-molecule containing 
one iron atom.37-38 

In summary therefore, apolactoferrin is likely to 
be susceptible to digestion by proteolytic activity of 
either gastric or pancreatic origin, whereas the iron- 
saturated form may remain largely intact, at least 
as far as its iron-binding properties are concerned, 
until appreciable peptic activity is present. In ad- 
dition, the rapid passage of the whey fraction from 
the stomach to the duodenum may further reduce 
the effectiveness of peptic digestion of lactoferrin, 
even in infants with significant pepsin activity. 


Antimicrobial activity of lactoferrin in the gut of the 
newborn infant 


The ability of lactoferrin to inhibit the growth of 
certain micro-organisms im vitro has been well 
documented. Most interest has focused on entero- 
pathogenic strains of Escherichia colit*-? although 
it may also inhibit Staphylococcus albus, Staphy- 
lococcus aureus, Pseudomonas aeruginosa, Bacillus 
stearothermophilus, Bacillus subtilis,?9* and Candida 
albicans. A bactericidal effect of lactoferrin on 
Vibrio cholerae and Streptococcus mutans has 
also been reported.?9? It is generally considered 
that the in virro inhibition of E coli requires the 
addition of bicarbonate to the milk or colostrum® 3? 
and the presence of specific antibodies.™ although 
good bacteriostatic activity in the absence of 
specific antibodies has also been reported.39 38 The 
need for added bicarbonate is probably due to the 
labilising effect on lactoferrin-bound iron of citrate?? 
which is present in milk and colostrum.9? ?? Ad- 
ditional bicarbonate would enhance iron-binding by 


lactoferrin and prevent iron being made available 
to bacteria via the citrate complex. The role of anti- 
body is more obscure. It may cause the inhibition of 
synthesis of microbial iron chelators,“ although it is 
net clear how this relates to the observation that the 
antibodyresponsible hasa specificity directed towards 
a component sugar of the cell wall O- antigen.* 
While there is little doubt that human milk does 
indeed tend to favour a lactobacillus or bifidus flora 
and suppress coliforms in the neonatal gut, in vivo 
evidence that lactoferrin is a contributory factor to 
this effect is scarce and certainly insufficient to 
justify the recent statement by the American 
Academy of Pediatrics that '. . . lactoferrin... has 
an inhibitory effect on Escherichia coli in the 
intestine'.$? The experiments most widely cited as 
suggesting an in vivo antimicrobial effect for lacto- 
ferrin are those of Bullen et a/.,?? using guinea-pigs. 
Guinea-pig milk has a lactoferrin content similar to 
that of human milk.* It was found that a challenge 
dose of E. coli administered to suckling guinea-pigs 
proliferated more rapidly in the intestines of animals 
dosed with haematin than in undosed animals. 
While this does indeed suggest that haematin caused 
enhanced growth of E. coli in the intestine, it cannot 
be assumed that this effect was directly due to 
saturation of the guinea-pig milk lactoferrin with 
iron, or indeed to the iron content of haematin at 
all. Haem iron is not available to nonhaem iron- 
binding proteins such as lactoferrin, and very litt]e 
iron is released from haem by digestion.*#-44 Haem 
is taken up intact by many micro-organisms, in- 
cluding E. coli, by pathways independent of nor- 
haem iron uptake.“ Furthermore, haem compounds 
may have effects unrelated to their properties as 
potential sources of iron for E. coli—for example, 
they alter the metabolism of various lactic acid 
bacteria, causing the production of cytochromes 
and, in at least one case, a pronounced reduction in 
lactic acid production.197*? This might in itself, be 
sufficient to cause overgrowth of E. coli if intestinal 
lactobacilli were similarly affected. Haem compounds 
may also inactivate hydrogen peroxide, and could 
thus interfere with the peroxide-thiocyanate bacteri- 
cidal mechanism of mulk,® and the bactericidal 
activity of milk phagocytes.*? However, the case for 
an in vivo protective role of lactoferrin has been 
considerably strengthened by the more recent work 
of Antonini et al. These workers showed that the 
number of coliforms in the intestine of newborn 
guinea-pigs dosed with E. coli and fed cows’ milk 


was lower if the milk was supplemented with 7 


ovotransferrin, the iron-binding protein of avian 
egg white which is structurally related to lactoferrin. 
Mortality of guinea-pigs infected with a high dose 
(5 x 108 cells) of E. coli during the first 24 hours of 


* 


Jife was also lower in the group given ovotransferrin- 
supplemented milk, and was similar to the mortality 
among challenged animals allowed to suckle their 
mothers. ] 

It must be remembered however that human and 
guinea-pig milks are unusually rich in lactoferrin 
whereas 1n other species—such as the cow and pig, 
where levels are high in colostrum but fall rapidly 
after the first few days of lactation—the levels in 
mature milk are insufficient to promote in vitro 
bscteriostasis. Dog milk, furthermore contains 
only traces of lactoferrin and transferrin, yet also 
contains appreciable amounts (5 pg/ml) of iron.* It 
thus seems unlikely that lactoferrin could be im- 
portant in protecting the young of these species from 
gastrointestinal infections. This is not to deny the 
potential antimicrobial function of the unusually 
high levels of lactoferrin in human milk, but does 
suggest that the principal function of this protein 
may be of a more subtle nature, and one which can 
be more easily related to these fundamental differ- 
ences in iron and iron-binding protein content in 
milks of different species. 


Lactoferrin and iron absorption 


In adults, the capacity to absorb iron is closely 
related to intermediary iron metabolism, particu- 
larly erythropoiesis. In neonates however, iron 
absorption appears to be less dependent on inter- 
mediary iron metabolism, and is generally greater, 
in terms of percentage ingested iron absorbed, than 
in adults. The relatively efficient absorption of breast- 
milk ironf99! and the close biochemical relationship 
between lactoferrin and transferrin would tend to 
suggest that lactoferrin, like transferrin, possesses an 
iron-transport role and the possibility that it serves to 
transport iron to the intestinal mucosa in a readily 
absorbed form. Such a suggestion is not however 
supported by the rather limited amount written on 
the role of lactoferrin in iron absorption. McMillan 
et al? showed that the addition of lactoferrin, pre- 
sumably iron-saturated (the iron content given 
(140 mg/g) is actually 100-fold higher than that of 
saturated lactoferrin) to a lactoferrin-free simulated 
human milk administered to adults did not increase 
iron absorption. De Laey er al’? showed that 
apolactoferrin actually inhibited iron uptake by rat 
and guinea-pig everted duodenal sacs, and Fe,-lacto- 
ferrin was without effect. De Vet and Van Gool®4 
demonstrated a negative relationship between duo- 
denal lactoferrin concentration and iron absorption 
in adults. Both groups suggested that lactoferrin may 
serve to protect the mucosa against excessive uptake 
of heavy metal 1ons, and Van Vugt et al. have pro- 
posed that the increased biliary lactoferrin con- 
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centrations observed in anaemic rabbits serve as an 
additional control of iron absorption in conditions 
where other controls have been relaxed to permit 
increased absorption. This mechanism could be of 
importance in the term newborn infant, who has 
both a high potential for iron absorption and 
replete iron stores during the immediate postnatal 
period, when milk lactoferrin levels are at their 
highest. Indeed, Cavell and Widdowson?? have 
shown that during the first week of life breast-fed 
infants excrete 10 times more iron than they absorb. 
In this study 10 babies aged 5-8 days excreted 
daily on average 1-12 mg/kg iron. The mean daily 
milk intake was 160 ml/kg, from which it can be 
calculated that if the excreted iron were all bound 
by milk lactoferrin, a concentration of about 
5 mg/ml in the milk would be required, which 1s 
close to values observed by Masson and Heremans* 
during the first week of lactation. The origin of this 
excreted iron ıs unknown, although the bile seems a 
likely source, and lactoferrin may thus serve to 
prevent this iron being reabsorbed. This postnatal 
unloading of iron may serve to reduce susceptibility 
to infection®’ or even, as suggested by Neffgen and 
RakuSan® to stimulate myocardial growth. 
McMillan et al.5? have shown that the iron in 
human milk, despite the high lactoferrin content, 1s 
more readily absorbed than iron from a simulated 
human milk of comparable iron content, and further- 
more this availability was not affected by boiling the 
milk, which would denature lactoferrin. However, 
these studies were performed in adults, whose 
capacity to digest lactoferrin would be greater than 
that of infants, and furthermore there were signi- 
ficant differences in mineral content between the 
simulated and human milks,?? which might affect 
iron availability. Likewise it must be remembered 
that the infants studied by Saarinen et a/.,9: in whom 
high bioavailability of breast-milk iron was demon- 
strated using the extrinsic tag method, were all over 
6 months old and would also have had a relatively 
well developed digestive system. Nevertheless, a 
tracer dose of iron administered after a 3-hour fast 
was slightly less well absorbed than a similar dose 
administered during a breast-milk feed,?! suggesting 
that breast milk does contain factors which actively 
promote iron absorption. It is perhaps possible to 
envisage two opposing effects operating in the 
breast-fed infant: in the newborn, iron absorption 
is relatively poorly controlled, but high lactoferrin 
levels in the milk and low gastrointestinal proteolytic 
activity tend to prevent iron becoming available for 
absorption. As the infant matures his need for 
exogenous iron increases, milk lactoferrin levels 
decrease and proteolytic activity increases, resulting 
in progressively more iron being released from 


420 J H Brock 


lactoferrin. Once released, absorption of this iron 
is facilitated by other factors present in human milk, 
as suggested by Saarinen ef al.5! It may be more 
than coincidental that lactoferrin levels are highest 
in the milk of man and the guinea-pig, both of whose 
young grow notably mere slowly than those of other 
species of comparable size, and whose need for 
exogenous iron will be relatively retarded. In species 
whose young grow rapidly—for example, rabbit, 
rat, pig, and cow—lactoferrin levels are, except in 
colostrum, low or nonexitent* and would not 
significantly contro! the absorption of milk iron 
which would be required to meet the rapidly- 
increasing blood volume. It is noteworthy in this 
respect that newborn rats, unlike human infants,™ 
absorb virtually 100% of milk iron. Some basis for 
the hitherto unexplaired erratic distribution of 
lactoferrin in the milk cf different species may thus 
be provided by this hypothesis. However, further 
experimental work, preferably using purified lacto- 
ferrin in newborn animals or babies will be required 
to test the hypothesis that lactoferrin in milk serves 
to control iron absorption in the neonate. 


Conclusions 


This annotation has attempted to discuss critically 
the data on the role of milk lactoferrin in antimicro- 
bial activity and iron absorption. Considerable 
attention has been focused on the role of lactoferrin 
in protecting the neonate against gastrointestinal 
infections, but further in vive experimental data are 
needed before such a function can be considered as 
unequivocally established. More neglected, but 
perhaps more deserving of further study, is the role 
of lactoferrin in iron absorption. In this annotation 
it is proposed that a major function of lactoferrin 
may be to control iron absorption, and perhaps even 
to facilitate excretion cf iron in the immediate 
postnatal period. Although this theory needs to be 
backed by direct experimental data, it has the 
attraction of providing a ratioral explanation of 
the curious variation in lactoferrin levels in milks 
of different species. 


I thank Profesor F Cockburn, Department of 
Child Health, University of Glasgow, and Dr B 
Reiter, National Institute for Research in Dairying, 
Reading, for reviewing the manuscript. 
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Improving prognosis for infants weighing 1000 g 
or less at birth 


V Y H YU AND E HOLLINGSWORTH 


Department of Paediatrics, Queen Victoria Medical Cenire, Melbourne, Australia 


SUMMARY [n the two years 1977 and 1978, 55 infants weighing «1000 g were admitted to the 
neonatal unit of the Queen Victoria Medical Centre. Overall neonatal survival was 60%; 44% of 
infants weighing 501—750 g and 67% of infants weighing 751-1000 g survived. One postneonatal 
death occurred at 51 days. Maternal risk factors were present in 809/ of infants, although none had 
an effect on survival. Perinatal asphyxia, as indicated by an Apgar score <3 at five minutes, and base 
deficit >10 mmol/l on admission, were associated with decreased survival. Mortality data with 
increasing postnatal age were used to produce a chart for sequential prediction of neonatal survival. 
Intraventricular haemorrhage remained the most common necropsy finding. Follow-up of 32 
survivors to date has shown no abnormalities, with the exception of one retrolental fibroplasia, and 
one porencephaly of unknown aetiology. We conclude that the prognosis for infants weighing 
< 1000 g has continued to improve. From a review of the clinical and pathological characteristics 
in these infants however, it is obvious that this outcome requires complex organisation and costly 
resources in perinatal centres to which high-risk pregnancies must be transferred for optimal 


management both before and after birth. 


Advances in perinatal care have resulted in improved 
management for the mother and fetus during preterm 
labour and delivery, and for the preterm infant after 
delivery. The survival rate of infants weighing 1000 g 
or less at birth has improved only slowly compared 
with that of more mature preterm infents. These 
extremely low birthweight (ELBW) infants con- 
stitute less than 1% of the newborn population but 
contribute to 26-51% of neonatal mortality.+ 
Because there are so few ELBW infents, it took 
between 5 and 10 years to obtain adequate data for 
two surveys,’ and during that time many aspects of 
perinatal care had changed. 

We review here 55 infants weighing 1000 g or less 
at birth who were treated at Queen Victoria Medical 
Centre (QVMC) in the two years 1977 and 1978, 
during which time neonatal intensive care policies 
and methods of treatment remained constant. The 
purpose of this study was to determine the survival 
rate of this group, the predictive factors for survival, 
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and the clinical and pathological characteristics of 
these ELBW infants. 


Patients and methods 


Study population. Between 1 January 1977 and 
31 December 1978, 55 infants whose birthweights 
were between 501 and 1000 g, were admitted to the 
neonatal unit at QVMC. 44 (75 %) infants were born 
at QVMC, 13 of whom were from mothers who had 
emergency transfers to QVMC after preterm labour 
at other hospitals. These 13 fetuses were delivered 
within 3 days of ‘transfer in utero’. The remaining 31 
inborn infants were either from booked antenatal 
patients or from mothers who were referred for 
management of their high-risk pregnancies and who 
delivered more than one week after admission. 11 
infants were born at other hospitals in the State of 
Victoria. The Neonatal Emergency Transport Service 
has been operating in Victoria since October 1976.3 


Obstetric and neonatal care. Women in preterm 
labour were admitted to fetal intensive care, and 
deliveries of these high-risk pregnancies were 
attended by a neonatal resuscitation team. The 
perinatal care and the organisation of neonatal 
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services in QVMC have been described by Yu and 
Wood.* Clinical maturity of the infant was confirmed 
by the Dubowitz score.? An infant was considered of 
appropriate weight for gestational age 1f his birth- 
weight was above the 10th centile of intrauterine 
growth in a Melbourne population.’ 

Intermittent mandatory ventilation, usually in 
conjunction with positive end-expiratory pressure, 
and continuous positive airways pressure were 
delivered by either nasoendotracheal tube or 
nasopharyngeal tube, using the Bennett PRII 
respirator. Indication for continuous positive 
airways pressure or intermittent mandatory ventila- 
tion was similar to that of Reynolds.’ Theophylline 
was used to facilitate weaning if ventilator 
dependence seemed to be due to inadequate 
respiratory effort,’ or at the onset of preterm apnoea. 
Parenteral nutrition was given via peripheral veins 
and graded down after the start of enteric feeds. 
Details of the parenteral nutrition regimen, the 
formulation used, and its administration and 
monitoring have been reported by Yu et al? Fresh 
expressed breast milk from the infant's own mother 
was given whenever possible. Replacement blood 
transfusions were given in ELBW infants with 
respiratory distress or preterm apnoea when 
haematocrit was <40%, when systolic blood 
pressure was <40 mmHg, or when >10% of the 
blood volume had been removed for blood tests.!? 
Phototherapy was started at a serum indirect 
bilirubin concentration of 150 pmol/l (8:8 mg/100 
ml) Exchange transfusion was carried out if the 
level reached 200—300 umol/1(11- 7-17: 5 mg/100 ml), 
depending on the presence of risk factors for 
kernicterus. The parental-care component of the 
neonatal programme in QVMC included an open 
visiting policy for the extended family, unrestricted 
contact between parents and their infants, and 
family-orientated convalescent care. 


Follow-up. After discharge each infant was seen 
regularly by a paediatric consultant who had not 
taken part in his neonatal intensive care. A Growth 
and Development Clinic also exists for psychological 
assessment to complement this follow-up. 


Results 
Survival rate. 5% of the infants admitted to the 


neonatal unit in QVMC weighed 21000 g but they 
accounted for 22% of the mortality. 33 (60°) of the 


- total 55 ELBW infants survived the neonatal period. 


One infant died later aged 51 days. The neonatal 
survival rate was 44% in the 501—750 g group, and 
67 55 in the 751-1000 g group (Table 1). All infants 
had birthweights which were appropriate for 


gestational age. There were 27 boys and 28 di 
Slightly more gurls survived (68% compared (with 
5297). No differences were apparent in survival rates 
between inborn and outborn ELBW infants (59% v. 
64% respectively). Most neonatal deaths were during 
the first few postnatal days. Information about the 
survival rates at selected times after birth for the 
two ranges of birthweights, 501—750 g and 751-1000 
g, was used to produce a graph giving the poténtial 
for survival (Fig. 1). The prediction of survival at 
each sequential age gives the outlook for those still 
living at that time. 


Maternal and perinatal risks. 44 (80%) of the 55 
ELBW infants were products of high-risk 
pregnancies. The maternal factors and their fre- 
quencies were as follows: maternal age 35 years 
(13%), poor reproduction history (gravida 6, three 
consecutive spontaneous abortions, one stillbirth, or 
one neonatal death) (16%), twin pregnancy (11 %), 
antepartum haemorrhage (29%), pre-eclampsia 
toxaemia (5%), and prolonged rupture of membrane 
24 hours before delivery (49%). None of these 
factors had any effect on survival. The incidence of 


Table 1 Neonatal survival rates of infants weighing 
z 1000 g 


Birthweights Survivors[admissions (% survival) | 
(g) — — Po á( et ui qe qi, DT 
1977 1978 Total : 
501—750 2/8 5/8 (63) 7/16 (44) 
731-1000 13/21 (62) 13/18 (72) 26/39 (67) 
Total 15/29 (52) 18/26 (69) 33/55 (60) 
Percentages are given in parentheses. 
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Fig. 1 Prediction of survival of infants weighing. 
€ 1000 g admitted in 1977 and 1978. 
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Table2 Perinatal factors in infants weighing 
Z 1000 g 








Maternal and perinatal factors Infants Survivors 
No. (9) No. CQ 
Mode of delivery 
Vertex 26 (47) 17 (65) 
Breech 19 (35) 11 (58) 
Caesarean section 10 (18) 5 (50) 
Apgar score 
1-2 minutes 0-3 24 (44) 14 (58) 
4—10 19 (60) 
5 minutes 0-3 11 Q20) 3 Qn 
4~10 30 (68)* 
Positive pressure resuscitation 
Required 40 (73) 26 (65) 
Not required 7 (47) 
Acid-base data on admussion 
pH «T2 22 (44) 12 (55) 
7:2 20 (71) 
Fase depo >10 13 Q6) 4 QI) 
€10 28 (76)* 
Lowest body temperature (within 3 hours 
of delivery) 
«38.5 42 (76) 22 (52) 
*35 5 11 (85) 
*P<0 05. 


perinatal factors and their effect on survival are 
shown in Table 2. 11 (20%) infants, whose Apgar 
score at five minutes was 0-3, had a survival rate 
of 27 ?5 compared with 68 % survival in those with a 
score of 4—10 (y? = 4-55, P 0-05). The presence of 
severe metabolic acidosis, presumably caused by 
perinatal asphyxia, and defined as a base deficit of 
more than 10 mmol/l in the first arterial blood sample 
on admission, was associated with a reduced survival 
rate (x? = 4:57, P<0-05). Although the survival rate 
in infants with hypothermia (52 77) was lower than in 
those infants without hypothermia (85%), this 
difference was not significant (y? = 3-06, P 0-1). 


Neonatal events. Table 3 shows the principal 
diagnoses of these infants. The incidence of hyaline 
membrane disease (HMD) was 5875; the survival 
rate was 50% which is not significantly different from 
those without HMD. The diagnosis of HMD 
required all the following: respiratory distress not 
attributable to other causes, chest x-ray showing 
diffuse granularity, Fyo, 0-3 to maintain Pao, 
>60 mmHg (7:9 kPa) for at least 3 days after birth, 
and a maximum Fy0; requirement 0-4. The causes 
and management of respiratory failure and the 
morbidity from assisted ventilation are reported 
elsewhere.!?* Pharmacological closure of the patent 
ductus arteriosus was used successfully as an 
alternative to surgical ligation.1* Phototherapy was 
required for jaundice in 42 (76%) infants. Exchange 
transfusions were performed on 9 infants for 


Table 3 Principal diagnoses in infants weighing 
€ 1000 g 








Diagnosis* Infants Survivors 
No. (99 No. (9$) 

Hysiine membrane disease 32 (S8) 16 (50) 
Intrapartum pneumonia 4 (7) 2 (50) 
Pulmonary haemorrhage 

without HMD 2 (4) 0 (0) 

with HMD 2 (4) 1 (50) 
Transient tachypnoea 4 (7 4 (100) 
Wilson-Mtkity syndrome 2 (4) 2 (100) 
Preterm apnoea 

without lung disease 15 Q7 13 (87) 

with lung disease 23 (42) 20 (87) 
Patent ductus arteriosus 24 (44) 17 (71) 
Jaundice (2»170 pmol/l) 26 (47) 21 (81) 
Necrotising enterocolitis 2 (4) 1 (S50) 
Septicaemla 3 (5) 1 (30) 
Congenital defect 1 (2) 0 (0) 
*Many infants had more than one. 
hyperbilirubinaemia and on one infant for 


disseminated intravascular coagulation. 31 (56%) 
were fed fresh expressed human breast milk from 
their own mothers. 12 were fed milk formula 
throughout, and 12 did not receive enteric feeds 
oefore death. 41 infants received parenteral nutrition 
for a duration ranging from 1 to 50 days. Necrotising 
enterocolitis occurred in only 2 infants, one of whom 
died from fulminating disease leading to perforation, 
peritonitis, and death within 11 hours of its onset. 


Nursery stay and weight gain. In the survivors, the 
mean nursery stay was 102 (range 75 to 130) days. 
They were discharged at a mean postconceptual age 
of 40-5 (range 37-46) weeks, at a mean discharge 
weight of 2430 g. In Fig. 2, the nursery weight gain is 
superimposed on the intrauterine growth chart. Each 
infant was studied from the week of gestation at 
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Fig. 2 Nursery weight gain of infants (mean + 2 SD) 
superimposed on intrauterine growth chart of Kitchen.’ 
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birth until death, or nursery discharge. Some degree 
of 'extrauterine growth retardation’ was apparent 
when the nursery growth was compared with that of 
their intrauterine peers. 


Necropsy. Necropsies were performed on 18 of the 
23 deaths. The most common diagnoses at necropsy, 
and presumed causes of death, were intraventricular 
haemorrhage (65%) and HMD (52%). Coexisting 
intraventricular haemorrhage and HMD were found 
in 11 infants. Two infants who developed persistent 
neurological abnormalities and postintraventricular 
baemorrhage hydrocephalus, confirmed by brain 
scanning with computerised axial tomography, had 
their life-support systems (including mechanical 
ventilation) withdrawn at 23 and 51 days. Necropsy 
confirmed severe cerebral destruction and obstructive 
hydrocephalus. 


Follow-up. Retrolental fibroplasia (RLF) was 
diagnosed in one survivor with neovascularisation 
and peripheral retinal clouding in one eye and 
peripheral retinal detachment in the other. 
Postnatally-acquired cytomegalovirus (CMY) 
infection was diagnosed in 4 infants when each was 
2 months. The infants were probably infected from 
their multiple replacement blood transfusions. One 
of the CMV excretors had excessive increase in head 
circumference from age 5 weeks, which investigations 
showed was due to porencephaly. Cholestatic 
jaundice developed after prolonged parenteral 
nutrition in 2 infants, but this had resolved at 4 
months. Although the 32 survivors, 3 months to 
2 years after birth, were too young for accurate 
estimates of development and intellectual function, 
none was suspected to have any major handicap 
except for the one with RLF and the one with 
porencephaly. 


Discussion 


Survival rates from earlier studies of ELBW infants 
are given in Table 4. There has been a gradual but 
noticeable increase in survival rate during the last 
15 years. Although it is accepted that an ELBW 
infant is at an additional risk if delivered in a hospital 
that has not the appropriate perinatal facilities or if 
he has to be taken to a neonatal intensive care unit, 
it was not surprising that the survival rate of inborn 
and outborn infants was similar, as babies in the 
latter group were probably selected for referral 
because they were in relatively good condition and 
represent only those infants deemed ‘capable of 
survival’. 

Although 80% of mothers in this series could have 
been recognised early as high-risk, the maternal 
factors alone had no significant effect on survival. 


Table 4 Survival rates in other series of infants — 
weighing = 1000 g | 


——————— AE RU 


Auhors Range of Range of Neonatal 
birth dates — birthweights survivors 
(g) ; 

No. '54 

Alden et al.! n 161 1965—70 400-999 22 = 14 
Grassy ef al 17 n —98 1968-72 680-1000 28 29 
Stewart ef a/.? n= 148 1966-75 500-1000 48 32 
Pape et al. 14 n=97 1974 590-1000 46 47 
Kopelmani® n —43 1975-76 Not known 18 42 
Present study, n==55 1977-78 510-1000 33 60 





The one factor that influenced survival was perinatal 
asphyxia, as assessed by the 5-minute Apgar: score 
and acid-base status on admission. This finding was 
the same as that previously reported for infants 
weighing <1500 g.* Improved methods for the 
management of HMD might have resulted in a 
survival rate for HMD which was not significantly 
different from those infants without HMD (50% v. 
74%). This finding was different from that in one 
earlier series? but supports a similar finding in a 
study with a more recent cohort. Delivery by 
caesarean section has been reported to be a favour- 
able factor influencing survival? Differences in 
survival in relation to mode of delivery were however 
not obvious in this series. 

The incidence of patent ductus arteriosus reported 
by Pape et al.1* and that of jaundice reported by 
Stewart et al.* were slightly lower than in our series. 
This may be because more infants are now surviving, 
thus allowing for the development of such conditions 
in the early neonatal period. Necrotising enterocolitis 
was rare in these ELBW infants compared with 
some centres in North America.!5 The prevalence of 
this disease is known to vary greatly between 
countries and between regions. The use of parenteral 
nutrition allowed for more normal postnatal growth 
during this critical phase of development. However, 
hyperglycaemia has become a significant metabolic 
complication with such an aggressive nutritional 
programme.9 

One of the most difficult questions to answer 
concerns the chance of survival. Parents of ELBW 
infants naturally ask about the probability of 
survival, and medical or nursing staff have great 
difficulty in dealing with this inquiry. Mortality data 
with increasing postnatal age can usefully be applied 
to predict survival. It is useful for each neonatal 
intensive care unit to prepare similar charts from its 
own experience with regular updating. It 1s not 
suggested that parents be spontaneously informed of 
the probability of survival, but the medical and 
nursing staff are more likely to be effective in caring 
for the parents if they know the likely outcome and 
use the information with discretion. 
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The results of this series are encouraging for 
neonatal survival in ELBW infants. Although the 
quality of survival of this group of ELBW infants 
cannot yet be accurately ascertained, the good 
prognosis for infants with equally low birthweights 
has been shown by Stewart et al." where only 7% of 
the survivors had major handicaps and 15% had 
minor ones. Although our policy is to provide 
optimal care for all infants of 24 weeks’ gestation or 
more, our current ethical guidelines are similar to 
those of Stewart et al? in that when an infant 
develops a persistent neurological abnormality—such 
as after a large intraventricular haemorrhage—which 
would make survival unlikely and major handicap 
virtually certain, intensive life-suport systems are 
withdrawn after discussion with the parents and 
medical and nursing staff, as was the case in two 
infants in this series. 

Because less than 1% of liveborn infants weigh 
«71000 g or less at birth and because they develop 
multiple potentially lethal or damaging perinatal 
problems, we should be ready and able to transfer 
these high-risk pregnancies to perinatal centres to 
allow for optimal care both before and after birth. 
Failing this, the newborn should be transferred to a 
neonatal intensive care unit by a specialised neonatal 
transport service, a racility which has become 
accepted as an important and integral part of 
comprehensive perinatal care. Excellent outcomes for 
these infants are possible, but they require complex 
organisation, costly resources, and hard work. 


We thank Dr M Adamson, Dr P Das, Dr B Jack, and 
Dr T Lambert, consultants in the Neonatal Intensive 
Care Unit, and the registrars and nursing staff 
without whose meticulous care these results would 
not have been possible. 


References 


1 Alden E R, Mandelkorn T, Woodrum D E, Wennberg R P, 
Parks C R, Hodson W A. Morbidity and mortality of 
infants weighing less than 1000 g in an intensive care 
nursery Pediatrics 1972; 50: 40-9. 


? Stewart A L, Turcan D M, Rawlings G, Reynolds EO R. 
Prognosis for infants weighing 1000 g or less at birth. Arch. 
Dis Child 1977; 52:97—104. 

Roy R N, Kitchen W H. NETS: A new system for neonatal 

transport. Med J Aust 1977; it: 855-8. 

Yu V Y H, Wood C. Perinatal asphyxia and outcome of 

very low birthweight infants. Med J Aust 1978; il: 578-81. 

Dubowitz L M, Dubowitz V, Goldberg C. Clinical 

assessment of gestational age in the newborn infant. J 

Pediatr 1970; 77: 1-10. 

Kitchen W H. The relationship between birth weight and 

gestational age in an Australian hospital population. Aust 

Paediatr J 1968, 4: 29—37. 

Reynolds E O R. Management of hyaline membrane 

disease. Br Med Bull 1975; 31: 18-24. 

Barr P A Weaning very low birthweight infants from 

mechanical ventilation using intermittent mandatory 

ventilation and theophyllne. Arch Dis Child 1978; 53: 

598-9. 

Yu V Y H, James B. Hendry P, MacMahon R A. Total 

parenteral nutrition in very low birthweight infants: a 

controlled trial. Arch Dis Child 1979; 84: 653-61. 

Lubin B. Neonatal anaemia secondary to blood loss. Clin 

Haematol 1978; 7: 19—34. 

Yu V Y H Caring for parents of high-risk infants Med J 

Aust 1977; il: 534-7. 

Yu V Y H, Hollingsworth E. Respiratory failure in infants 

weighing 1000 g or less at birth. Aust Paediatr J 1979; 15; 

152-9. 

13 Obeyesekere H I, Pankhurst S, Yu V Y H. Pharmaco- 
logical closure of ductus arteriosus in preterm infants 
using indomethacin. Arch Dis Child 1980; 55: 271-6. 

14 Pape K E, Buncic R J, Ashby S, Fitzhardinge P M. The 

status at two years of low-birth-weight infants born in 

1974 with birth weights of less than 1001 gm. J Pediatr 

1978, 92: 253-60 

Yu V Y H, Tudehope D I, Gill G J. Neonatal necrotising 

enterocolitis. I Clinical aspects. MedJ Aust 1977; t: 685-8 

16 Yu V Y H, James B, Hendry P M. Glucose tolerance in 
very low birthweight infants. Aust Paediatr J 1979; 15: 
147-51. 

17 Grassy R G, Jr, Hubbard C, Graven S N, Zachman R D. 
The growth and development of low birth weight infants 
receiving intensive neonatal care. Clin Pediatr 1976; 15: 
549-53. 

13 Kopelman A E. The smallest preterm infants: reasons for 
optimism and new dilemmas. Am J Dis Child 1978; 132: 
461-2. 


ww 


Lal 


m 


= 


o 


i 


I 


i 


1 


Correspondence to Dr V Y H Yu, Department of 
Paediatrics, Queen Victoria Medical Centre, 172 
Lonsdale Street, Melbourne, Victoria 3000, Australia. 


Received 8 May 1979 


Archives of Disease in Childhood, 1980, 55, 427-434 


| 
Pseudohypoaldosteronism | 
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M J DILLON, J V LEONARD, J M BUCKLER, D OGILVIE, D LILLYSTONE, 
JW HONOUR, AND C H L SHACKLETON 


The Hospital for Sick Children and Queen Elizabeth Hospital for Children, London, Department of 
Paediatrics and Child Health, University of Leeds, and Division of Clinical Chemistry, Clinical 
Research Centre, Harrow, Middlesex 


SUMMARY 10 infants are described with pseudohypoaldosteronism, 5 in detail and a further 5 
briefly. They all presented with hyperkalaemia, urinary salt-wasting disease, and ostensibly normal 
renal and adrenocortical function. Diagnosis was established by demonstrating the greatly increased 
values of plasma renin activity and plasma aldosterone concentration, plus the increased excretion 
of aldosterone and its metabolites on gas chromatographic and mass spectrometric analyses of 
urine. The children were treated with sodium chloride supplements, up to 60 mmol/day, but by the 
time most of the infants were about a year old these could be stopped. Exogenous mineralocorticoids 
were without effect in those to whom they were administered. The precise aetiology of the condition 
remains conjectural; lack of renal tubular response to aldosterone seems probable. Pseudohypo- 
aldosteronism may be more common than has been thought and new techniques for investigating 
salt-wasting disorders may show its true incidence. 


~»—~ Division of 


Salt loss in infancy is often due to gastrointestinal 
disease and in such cases there is renal conservation 
of sodium. In contrast, urinary salt loss occurs in 
certain renal tubular disorders and in adrenal 
insufficiency. Severe salt loss in infancy has been 
described despite ostensibly normal renal and 
adrenocortical function, and has been attributed 
to lack of response of the renal tubule to endo- 
genous mineralocorticoids. This syndrome has been 
called pseudohypoaldosteronism and since 1958, 
when it was first described by Cheek and Perry,! 
30 cases have been described.*? In one report™ 
7 additional but atypical cases were described and 
these patients were shown subsequently to have a 
defect of aldosterone biosynthesis.?! 
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This paper describes in detail 5 more children with 
PHA, and briefly refers to a further 5 cases in whom 
diagnostic investigations were undertaken in our 
laboratories. The diagnosis was established in all 10 
children by the characteristic increase in plasma 
renin and aldosterone levels, and in most children 
by the typical urinary corticosteroid findings. 


Methods 


PRA and PAldo concentration were measured using 
the methods of Dillon, and Dillon and Ryness.*? 


Abbreviations: 


PHA: | pseudohypoaldosteronism 
PRA: plasma renin activity 
PAldo: plasma aldosterone 

GC: gas chromatography 


GC/MS: gas chromatographic and mass 
spectrometric 


17-OS:  17-oxosteroids 

11-OI: 11-oxygenation index 
17-OHP: 17-hydroxyprogesterone 
ACTH: adrenocorticotropic hormone 
SFC: 9a-fludrocortisone 

DOCA: desoxycorticosterone 

ATP: adenosine triphosphate 
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Urinary metabolites of cortisol and corticosterone 
were analysed by capillary GC.** Tetrahydroaldo- 
sterone and 18-hydroxytetrahydroCompound A 
were analysed simultaneously by a GC/MS analysis 
selected ion monitoring method.-** Plasma and 
urine electrolytes were measured simultaneously 
by flame photometry in a 5-channel autoanalyser. 
Standard methods were used to estimate urine 17- 
hydroxycorticoids,?" 17-OS,* pregnanetriol,™ and 
the 11-OL*? Competitive protein-binding methods 
were used to determine plasma cortisol, 17-OHP,™ 
and 11-deoxycortisol?? Plasma ACTH was deter- 
mined by radioimmunoassay.?* 


Case reports 


Case 1. This boy was the second child of unrelated 
English parents. He was born normally at term 
weighing 2:75 kg and since birth he had had re- 
current episodes of vomiting. At 9 weeks he was 
admitted to hospital because of a severe episode of 
vomiting associated with dehydration. Plasmasodium 
(Na) was 118 mmol/l and potassium (K) 5:0 mmol/l. 
A presumptive diagnosis of salt-losing congenital 
adrenal hyperplasia was made and he was treated 
with intravenous fluids and intramuscular hydro- 
cortisone. After more vomiting associated with 
hyponatraemia, 9FC was given orally but his 
symptoms persisted. 

Despite the treatment with mineralocorticoids the 
salt-losing state persisted; therefore 9FC was 
stopped and sodium chloride (NaCl) supplements 
(50 mmol/day) were started. He became hyper- 
tensive (140/110 mmHg) and remained so when the 
NaCl supplements were withdrawn, although he 
went into negative Na balance and plasma Na 
fell to 125 mmol/l. Plasma Na values were 
eventually stabilised above 130 mmol/l with Na 
supplements of 60 mmol/day. and the blood pressure 
slowly returned to normal. Because of the persistent 
hypertension, PRA, and PAldo concentration were 
measured. PRA was 81000 ng Al/l per hour 
(reference range for age, 472-3130 ng A1/l per hour), 
and PAldo concentration was considerably greater 
than 3000 pmol/l (reference range for age, 160-3000 
pmol/I) (Table). 

Standard tests of renal function (including intra- 
venous pyelographv) all gave results that were 
within normal limits. Adrenal function tests in- 
cluding plasma 17-OHP, plasma cortisol, plasma 
11-deoxycortisol, urine 17-OS, and urine 11-OI, 
before and after ACTH stimulation were essentially 
normal. GC/MS analyses of urinary corticosteroids 
were carried out on day 5 of the ACTH stimulation 
test. Cortisol metabolites were moderately raised 


but extremely high excretions of allo-tetrahydro- 
corticosterone, tetrahydroaldosterone, and 18- 
hydroxytetrahydroCompound A were noted (Table). 
It was possible gradually to reduce the treatment 
with corticosteroids without relapse, and later the 
salt supplements were tailed off. By age one year our 
patient was well and was receiving no treatment. He 
is now 5 years and is catching up in growth; he has a 
normal blood pressure, and can tolerate salt 
deprivation even when stressed by illness. 


Case 2. This girl was the fifth child of unrelated 
English parents. Her birth was normal and she 
weighed 3:04 kg. At 7 days she had been found in a 
collapsed state and on admission to hospital was 
moribund. She was resuscitated with intravenous 
fluids, antibiotics, and hydrocortisone as the pre- 
sumptive diagnosis was septicaemia. The initial 
response was satisfactory, but the next day her 
condition deteriorated with pronounced electrolyte 
imbalance despite intravenous fluids (plasma Na 
125 mmol/l, K 8:4 mmol/l). Congenital adrenal 
hyperplasia was suspected although her genitalia 
were normal; she was treated with DOCA, hydro- 
cortisone, salt supplements, and an ion-exchange 
resin. Several days later her condition again deterior- 
ated, plasma Na falling to 125 mmol/l and K rising 
to 8:2 mmol/l. At this stage PRA was 107 300 ng 
Al/l per hour and PAldo concentration much 
greater than 3000 pmol/l (Table). Plasma electro- 
lytes failed to improve until she was given 60 mmol/ 
day NaCl in addition to hydrocortisone and DOCA. 
She developed pneumonia, superimposed cardiac 
failure, and generalised convulsions. With intensive 
treatment she recovered and was finally stabilised on 
50 mmol/day NaCl. 

Standard tests of renal function, including intra- 
venous pyelography, gave results that were within 
normal limits. Adrenal function tests including 
plasma 17-OHP, plasma cortisol, plasma 11- 
deoxycortisol, urine 17-oxogenic steroids, urine 
17-OS, and urine pregnanetriol were essentially 
normal before and after ACTH stimulation. 

She has maintained satisfactory progress. Her 
blood pressure remained normal on treatment. She 
was discharged from hospital at 2 months on corti- 
sone 10 mg twice daily, 9FC 0-1 mg daily, and 25 
mmol/day of added NaCl. The 9FC was stopped at 
age 10 months and the cortisone withdrawn by 13 
months. Aged 4? years, although small, she has 
grown normally with height and weight following 


the 3rd centile. GS/MS analysis of urinary cortico- ~~ 


steroids at 2} years showed only moderately raised 
tetrahydroaldosterone and 18-hydroxytetrahydro- 
Compound A. Secretion of cortisol metabolites was 
normal for age. 
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Case 3. This boy was the first child of unrelated 
English parents, born at term, weighing 2:98 kg. 
He had been admitted to hospital at age 4 weeks 
because he had gained no weight since birth and 
fed poorly with occasional episodes of vomiting. 
There were no abnormal features on examination, 
but plasma Na was 119 mmol/l and K 6:3 mmol/l. 
Urine 11-OI was 0-3, 17-OS 2:45 umol/24h (0-7 
mg/24h), and plasma 17-OHP 18 nmol/l (0:6 ug/ 
100 ml). A specimen of urine collected by suprapubic 
aspiration contained a significant growth of Entero- 
bacter aerogens. Intravenous pyelography was 
normal but a subsequent micturating cystogram 
showed bilateral ureteric reflux. 

He was treated with added NaCl (15 mmol/day) 
and oral co-trimoxazole: plasma Na rapidly returned 
to normal but fell to 123 mmol/l when the additional 
salt was stopped. At this time PRA was 24 900 ng 
A1/l per hour and PAIdo concentration 6100 pmol/l 
(Table). Treatment with oral NaCl was restarted and 
the urinary infection treated with long-term co- 
trimoxazole. GC analysis of the urine (Figure) 
showed highly raised tetrahydroaldosterone and 
18-hydroxytetrahydroCompound A (Table). Because 
of his age the infant exhibited the neonatal pattern of 
cortisol metabolites—levels of tetrahvdrocortisol 
and allo-tetrahydrocortisol were extremely low, but 
6a-hydroxytetrabydrocortisone was raised. In ad- 
dition, the major corticosterone metabolite identified 
was 6a-hydroxytetrahydroCompound A (not allo- 
tetrahydrocorticosterone). 

At age 6 months he was admitted for reassessment. 
By this time he was well and his growth was normal. 
On a Na intake of 35 mmol/day his plasma Na was 
135 mmol/l, but PRA and PAldo concentration were 
both raised (3460 ng Al/l per hour and >19000 
pmol/l respectively). Na intake was reduced to 10 
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mmol/day and plasma Na remained normal, but 
after 5 days of low Na intake, PRA rose further to 
8450 ng Al/l per hour. A tetracosactrin test was 
normal with a rise in plasma cortisol from 248 to 
670 nmol/l (8-9 to 24-3 ug/100 mD at 30 minutes. 
Additional NaCl supplements were then stopped 
and the child (now aged 34 years) has remained well 
with normal plasma Na and sterile urine. 


Case 4, This boy was the fifth child of unrelated 
English parents, born at term, weighing 4:08 kg. He 
had been admitted to hospital at age 3 weeks because 
he had gained no weight since birth, was feeding 
poorly, and had suffered several episodes of cyanosis 
and irritability. He was a clinically dehydrated infant 
with perioral cyanosis. Plasma Na was 119 mmol/l, 
K. 7-2 mmol/l, and initially plasma total CO, was 4 
mmol/l. He was treated at the referring hospital 
with intravenous fluids, sodium bicarbonate, and 
antibiotics. Despite these measures he continued to 
remain hyponatraemic and failed to thrive. Urinary 
Na excretion remained inappropriately high in view 
of the clinical and biochemical evidence of Na 
depletion. Transient generalised aminoaciduria and 
glycosuria were demonstrated, associated with an 
inability to acidify and concentrate the urine. These 
features disappeared by 6 weeks. PRA was 59 100 ng 
Ai/l per hour andPAldo concentration 8300 
pmol/l when off salt supplements (Table). Apart 
from plasma creatinine of 78 umol/l (0:88 mg/ 
100 ml) and *Cr EDTA glomerular filtration rate 
of 12 ml/min per 1-73 mê, renal function was 
normal, including intravenous pyelography and 
micturating cystourethrogram. Plasma creatinine 
and glomerular filtration rate returned to normal 
by 4 months. 

Tests of adrenal function showed normal plasma 


Figure (Case 3) Total urinary steroid 
profile at age 1 month. This chromatogram 
illustrates the typical neonatal pattern of 
corticosteroid metabolism—high excretion 
of 6a-hydroxytetrahydroCompound A 

and 6«-hydroxytetrahydrocortisone and 
low excretions of the tetrahydrocortisols 
and allo-tetrahydrocorticosterone. The older 
infants exhibit the adult pattern of 
cortisol and corticosterone metabolites. 
The peaks marked AD (androstanediol), 

S (stigmasterol), and CB (cholesteyl 
butyrate) are internal standards. 


ins 


cortisol, ACTH, 17-OHP and urine 17-ketosteroids, 
total 17-hydroxycorticoids, and 11-OIL GC/MS 
analysis of urinary corticosteroids at 6 months 
showed that cortisol metabolites were normal but 
metabolites of corticosterone, aldosterone, and 18- 
hydroxycorticosterone were greatly raised (Table). 

He was treated with NaCl supplements and 
thrived. However, he intermittently became hypo- 
natraemic and hyperkalaemic especially associated 
with intercurrent upper respiratory infections. PRA 
and PAldo concentration remain raised. He is now 
3 years and still requires 3 mmol/kg per day ad- 
ditional NaCl. GC/MS analysis of urine collected 
at 2-3 years indicated that there were still very high 
excretions of tetrahydroaldosterone and 18-hydroxy- 
tetrahydroCompound A. 


Case 5. This boy was the first child of unrelated 
English parents, born at 39 weeks' gestation, weighing 
3:38 kg. He had been admitted to hospital at age 2 
weeks because of vomiting and constipation, pyloric 
stenosis being suspected. Plasma Na was 123 mmol/l 
and K 5-7 mmol/l. There was evidence of inappro- 
priate urinary Na loss in view of the clinical and bio- 
chemical evidence of Na depletion. PRA was 13 000 
ng Al/1 per hour and PAido concentration 7500 
pmol/l (Table). There was no evidence of renal 
impairment. Adrenal function tests showed that 
plasma 17-OHP and urine 17-OS, 17-oxogenic 
steroids, and 11-OI were normal. Urinary cortico- 
steroids were not analysed. 

He was treated with NaCl and is now 11 months 
old. He is currently on 25 mmol NaCl/day in 
addition to dietary intake. 


Other cases. Five other children (not described in 
detail) fulfil the criteria for a diagnosis of PHA. They 
were under the care of other units but measurements 
of PRA and PAldo concentration were undertaken 
at The Hospital for Sick Children and in most of 
them, GC/MS analysis of urine was undertaken at 
the Clinical Research Centre. These children's ages 
ranged from 2 to 5 months at time of investigation 
and there were 2 boys and 3 girls. Clinically they 
presented with urinary salt-wasting disease and 
failure to thrive. Investigations showed hypo- 
natraemia and hyperkalaemia but no evidence 
of primary renal disease, glucocorticoid deficiency, 
or congenital adrenal hyperplasia. All cases had 
much increased values of PRA and PAldo concen- 
tration (Table) plus urinary GC/MS findings in the 
3 children tested, similar to those seen in our other 
patients. All children responded to treatment with 
NaCl and they are now aged between 24 and 34 
years. 
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In 1958, Cheek and Perry! described a child with 
PHA—a 3-month-old boy who presented! with 
failure to thrive and who had repeated episodes of 
hyponatraemia and dehydration. Adrenal and 
kidney function were normal. His clinical condition 
improved with oral NaCl supplements, but if these 
were stopped he deteriorated with hyponatraemia 
and a decrease in extracellular fluid volume. DOCA 
did not prevent salt loss and had no effect on the 
urinary Na/K ratio. It was suggested that the renal 
tubules were refractory to mineralocorticoids. 
Donnell er al.? also concluded that the renal tubule 
was unresponsive to aldosterone because urinary Na 
loss continued when their patient was salt-depleted 
but still had large quantities of aldosterone in the 
urine. | 

Not all patients are totally unresponsive to 
mineralocorticoids. Royer et al. demonstrated that 
spironolactone provoked an increase in urinary 
salt loss in one child. When the same child was 
studied 9 years later, a low Na intake provoked a 
rise in urinary aldosterone and a decrease in Na 
excretion, so it was concluded that the child was 
partly responsive to aldosterone. Roy! reported a 
family in which there were normal responses to 
spironolactone and DOCA, suggesting that there 
may be a spectrum of responsiveness of the renal 
tubules in this condition. 

We view with suspicion the 7 children described 
by Rösler et al.2° It was possible that their patients 
had defects of 18-oxidation in aldosterone bio- 
synthesis. Increased PRA with normal, but in- 
appropriately low, PAldo concentration is com- 
patible with an 18-oxidation defect?? and could have 
accounted for the response to mineralocorticoid. It 
is interesting that Rösler et al. subsequently wrote 
another paper which showed that there was in their 
patients a defect in the aldosterone biosynthetic 
pathway. 

The effect of aldosterone is mediated by the 
activation of sodium/potassium ATPase in the renal 
tubule.3" Bierich and Schmidt! showed that sodium/ 
potassium ATPase activity was absent in.a child 
with PHA. Their findings further support the sug- 
gestion that PHA is the result of lack of response 
of the renal tubule to aldosterone. The alternative 
suggestion of a disturbance of Na resorption in the 
proximal tubule and the loop of Henle is possible, 
but has been considered to be less likely.” The 
secondary hyperaldosteronism due to Na loss 
resulting from the proximal tubular failure, woud 
be associated with hypokalaemia rath Cu 
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impaired proximal tubular reabsorption of Na and 
has also reported some histological changes maximal 
in the proximal tubule. In addition, Rampini et al.” 
demonstrated reversal of natriuresis with indo- 
methacin which might imply that prostaglandin- 
induced proximal Na wastage could be playing a 
part. Proesmans et al. showed that Na delivery to 
the distal nephron was excessive in patients with 
PHA, and Bierich and Schmidt! showed that 
sodium/potassium ATPase was absent in the 
proximal and distal nephrons. These observations 
could account for the presence of proximal and 
distal salt loss with hyperkalaemia in PHA. 

17 of the 30 patients so far reported have been 
boys, but the sex of the dizygotic twins described by 
Alvarez et al.'? was not given. In all but 3 of these, 
Na supplements have arrested the clinica] and bio- 
chemical state. In 2 hyperkalaemia could not be 
reversed and proved fatal? €, and in the third!* the 
cause of death was uncertain. 

PRA has been shown to be greatly increased in 11 
typical examples of this condition.9 19 1471? However, 
with the exceptions of Rampini et aL,1?* Lauras et 
al.,'$ and Petersen et al.,!? the use of simultaneous 
PRA and PAldo measurements as a quick means of 
establishing the diagnosis of PHA has not been 
stressed. We previously reported the value of such 
measurements in discriminating between renal and 
adrenal causes of salt loss in childhood?? and in 
demonstrating the presence of an aldosterone bio- 
synthetic defect. We have now shown that these 
estimations are of considerable diagnostic value in 
PHA. In the absence of gastrointestinal or overt 
renal disease, raised PRA and PAldo values in 
salt-losing hyperkalaemic infants are virtually diag- 
nostic of PHA. The patients reported here clearly 
demonstrated this. In 2 patients the estimations 
quickly established the true nature of their illness 
when both were thought to have congenital adrenal 
hyperplasia. In the others the estimations dis- 
tinguished between defects of aldosterone synthesis 
and PHA. The persistence of hyperaldosteronism 
even when Na balance is restored!? is interesting, 
although PAldo concentration can return to normal 
as happened in Case 2 and in the child described by 
Rampini ef al? 

The hypertension in the presence of salt loss (Case 
1), which led to the measurement of plasma renin 
and eldosterone, was probably caused by excess 
circulating angiotensin M due to renin stimulation. 
This has previously been described in children with 
congenital adrenal hyperplasia? and we have seen 
it in other salt-losing states. We did not feel that 
the degree of vesicoureteric reflux seen in Case 3 
could account for the persisting biochemical findings 
although initially it caused some confusion. The 


transient aminoaciduria and glycosuria seen in Case 
4 on presentation also caused diagnostic difficulty 
and was initially thought to be associated with an 
episode of acute tubular necrosis. This might, indeed, 
still be the explanation, but since Lauras ef ali? also 
reported similar findings in 2 of their patients it is 
possible that these observations may reflect a dis- 
turbance of proximal tubular function which is part 
of PHA. , 

In general, the children whose urine was examined 
by GC/MS analysis had a characteristic pattern of 
corticosteroid excretion, although this depended to 
some extent on age. For example, tetrahydro- 
cortisol and allo-tetrahydrocorticosterone are not 
major metabolites of cortisol and corticosterone 
in infants less than 2 months. Instead, 6a-hydroxy- 
tetrahydrocortisone and 6a-hydroxytetrahydroCom- 
pound A are important metabolites. It was found 
that unless there was an extremely large tetrahydro- 
aldosterone excretion, the condition was difficult to 
distinguish from hypoaldosteronism by capillary 
GC analysis alone, due to defect in 18-oxidation of 
corticosterone.** Common features of the profiles for 
the two conditions are high excretions of allo-tetra- 
hydrocorticosterone and 18-hydroxytetrahydroCom- 
pound A and an excretion of allo-tetrahydrocortisol 
almost always greater than tetrahydrocortisol. In 
normal infants, children, and adults tetrahydro- 
cortisol nearly always predominates. For this 
reason, definitive procf of the disorder was obtained 
by analysing tetrahydroaldosterone and 18-hydroxy- 
tetrahydroCompound A by a specific mass spectro- 
metric method. 

Although most reported cases are isolated 
examples, there are at least 5 reports of a familial 
incidence. Alvarez et al. described dizygotic twins, 
Bierich and Schmidt described 2 siblings, Roy 
described a family of 4 siblings and their father,!$ 
Rósler et al. described 2 siblings,” and Lauras ef al. 
described 2 siblings. In addition, several other 
reports? ? imply that there might have been other 
cases within the families. Until Roy’s paperi it 
seemed likely that the condition was inherited on a 
recessive basis, but his study raises the possibility of 
a dominant inheritance and this is supported by 
studies undertaken by Lauras ef al? in 2 families of 
affected patients. 

The apparently transient nature of the illnéss with 
spontaneous recovery is interesting, especially as it 
appears to occur despite sustained hyperaldo- 
steronism.*5 This is similar to the age-dependent 
adaptation seen in children with 18-oxidation , 
defects in aldosterone biosynthesis. We have specu- 
lated that this might be due to maturation of 
proximal tubular function associated with the 
development of a salt appetite,” which compensates 


for the persistent defect in Na reabsorptive function. 
This spontaneous recovery between 1 and 2 years of 
age may well mask the true incidence of the disease, 
which we suspect is commoner than reports suggest. 
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10 years’ experience with regular haemodialysis and 


renal transplantation 


C CHANTLER, J E CARTER, M BEWICK, R COUNAHAN, J S CAMERON, C S OGG, 


D G WILLIAMS, AND E WINDER 


Evelina Children's Department, Guy's Hospital, London 


SUMMARY 75 children aged under 15 years have entered the regular haemodialysis/renal transplant 
programme at Guy's Hospital in the 10 years since its inception; 13 children have subsequently died. 
A combination of hospital and home haemodialysis and renal transplantation was used. 64 children 
received 80 renal allografts; 37 Ist grafts were from live, related donors and 27 were from cadaver 
donors. The 5-year acturial patient survival for the whole group and for those who had transplants 
was 76%. Live donor graft survival was 659/, at 3 years, and 55% at 5 years; Ist cadaver graft 
survival was 42% at 3 years. Results obtained during the last 6 years of the 10-year period showed 
an improvement with a live related donor graft survival rate of 71%, and a Ist cadaver graft survival 
rate of 47% at 3 years. Particular experience was gained with home haemodialysis and live, related 
donor transplantation. Despite growth, and psychosocial and rehabilitation problems, the overall 
results were encouraging, particularly for the 46 children who had successful transplants.: These 
children grew better, had fewer psychosocial difficulties, and were rehabilitated more successfully 
into normal life than those on long-term dialysis. We conclude that dialysis and transplantation 
should be offered to all suitable children with terminal renal failure. 


The most recent data from the Paediatric Registry 
of the European Dialysis and Transplantation 
Association suggests that each year about 1-5 child- 
ren per million population under age 15 years require 
dialysis and transplantation in order to survive.! 
Just over a decade ago the outlook for such children 
was bleak, with many people suggesting that dialysis 
and transplantation should not be offered in view of 
the poor results and the heavy strain on family and 
child.? Despite this, many centres undertook long- 
term dialysis and transplantation for children. 
The first renal transplant was performed at 
Guy's Hospital in May 1967.* The first child was 
accepted into the regular haemodialysis programme 
in September 1968, and the early results of treatment 
have been reported.* The joint experience of the 
Royal Free Hospital and Guy's Hospital with home 
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haemodialysis in children has been described.) The 
results are now given of dialysis and transplantation 
in all children entered into the programme up to 
December 1978 at Guy's Hospital The number 
of children each year is shown in Fig. 1. 
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Fig. 1 Number of children accepted for haemodialysis 
each year, number of Ist transplants, and the tolak 
transplants each year. 
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Patients 


75 children who were under age 15 years at the time 
they developed end-stage renal failure were treated. 
Children over age 15 are excluded from this report, 
despite the fact that they were cared for by the 
paediatric staff. The youngest child accepted for 
regular haemodialysis was 4-2 years; the youngest 
child to be given a transplant was 6:2 years. The 
ages of the children at the start of treatment are 
shown in Fig. 2. 

20 patients received peritoneal dialysis as an 
initial form of treatment. Each had presented in 
acute renal failure or acute on chronic renal failure, 
or had such severe metabolic abnormalities that 
dialysis was urgently required. One child with hae- 
molytic uraemic syndrome was maintained on long- 
term peritoneal dialysis at home for 14 months 
before haemodialysis and transplantation. 

72 children started hospital haemodialysis which 
was continued for between 1 and 6 months; 26 
of them progressed to home haemodialysis. In 
addition, 2 other children went on to home haemo- 
dialysis after renal transplants had failed and one 
returned to home haemodialysis after a second 
attempt at renal transplantation. 

64 of the children received 80 renal allografts 
from 37 live related and 43 cadaver donors. Three 
patients received their 1st renal transplants as the 
initial form of treatment. The flow of all these 
patients is shown in Fig. 3. Fewer children have been 
placed on home haemodialysis recently (Fig. 4), 
reflecting the preference for transplantation. 
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Fig. 2 Number and sex of children according to age 
at start of treatment. 
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Fig. 3 Flow of patients between different modes of 
treatment and final status according to last mode of 


treatment in June 1978. 





Fig. 4 New cases established on home haemodialysis 
each year. 


Criteria for acceptability. The acceptance of a 
child with end-stage renal failure may be limited by 
the lack of a dialysis machine or, more often, lack of 


trained personnel; in 1978 2 children were refused ~®_ 


for these reasons. Áge and size of the child were 
important criteria; the youngest child to be haemo- 
dialysed on the regular hospital programme was 
4-2 years and weighed 17-3 kg, and the youngest 
child to be given a transplant was 6:2 years and 
weighed 13 kg. Younger, smaller children (including 
infants of ‘3-5 kg) however, have been haemo- 
dialysed for short periods for acute renal failure. 
Treatment was generally not advised in the pre- 
sence of severe mental retardation or severe physical 
disabilities--such as blindness, congenital deafness, 
or paraplegia including spina bifida. One social 
reason for refusal was that the child came from a 
Jarge family which was already under severe stress; 
another reason was if one parent, or both of them, 
had grave doubts about treatment. If treatment was 
not advised for reasons other than lack of resources 
in each case the parents were told that although it 
was against our judgement we would accept the child 
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if they insisted; in no instance did this happen. 
In the joint Royal Free Hospital/ Guy's Hospital 
home dialysis study® 19 of 45 children were not 
accepted in the 2-year period 1973-74. Since then, 
greater experience has encouraged a more liberal 
policy so that slight mental retardation, psychiatric 
or behavioural disorder, or psychological or family 
disruption is not now a contraindication although 
it is recognised that each can add immensely to the 
care of such families. In the early part of the study, 
screening for referral was usually made by paedia- 
tricians and practitioners locally, whereas now our 
advice is more often sought before the decision is 
made and the child is seen by us either in the refer- 
ring hospital or at Guy's. The increasing number of 
patients shown in Fig. 1 reflects these factors. 
Apart from excluding any child with oxalosis the 
possibility of recurrence of the original disease in 
the transplanted kidney was not considered in the 
decision regarding transplantation in this series. 


Origin of patients. Guy's Hospital is administered by 
the South-east Thames Regional Health Authority 
and serves the south-east area of England. Fig. 5 
shows the distribution of patients we treated; no 
child from abroad was accepted for cadaver trans- 
plantation, nor, if facilities were inadequate at the 
time, was a child from abroad accepted for treatment. 
With the exception of 19 children, the remainder of 
the UK patients came from places outside the Greater 
London area and travelled up to 120 miles to the 
hospital; technical services for the home dialysis of 
these patients were provided from the unit. 


Primary renal disease. The primary renal disease is 
shown in Fig. 6. The major cause of end-stage renal 
failure in children was pyelonephritis, with or 
without demonstrable vesicoureteric reflux (16 
patients). Congenital abnormalities, including dy- 
plastic or hypoplastic kidneys, were seen in 11 
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Fig. 5 Origin of children accepted for treatment. 
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Fig. 6 Primary renal disease. | 


patients. Focal glomerulosclerosis and glomerulo- 
nephritis were the next most common. Therelwere 7 
patients with cystinosis. 


Methods | 
The surgical techniques have been fully described 
elsewhere.® 


Haemodialysis. Vascular access was by Pid 
Quinton-Scribner Silastic arterio-venous shunts with 
Teflon tips. Shunts preferably in the leg were used for 
short-term dialysis before the creation of an arterio- 
venous fistula, and for patients admitted for live 
donor transplants. The posterior tibial artery or 
long saphenous vein just above the ankle was used 
most often but, in small patients, the brachial artery 
or the femoral artery was used. Subcutaneous 
Brescia-Cimino type fistulae, unilateral or bilateral, 
were generally created in the forearm os months 
before dialysis was necessary. 

Children in hospital were dialysed three times a 
week for between 6 and 8 hours each dialysis; 
appropriately-sized flat plate disposable dialysers, 
mainly from the Gambro Lundia range, were used 
once only.” In the home, dialysis usually took place 
three times a week for 8 hours overnight using non- 
disposable Meltec multipoint dialysers according to 
size; these were reused two or three times and 
rebuilt each week. The domestic water supply Was 
softened before use but, except in the case of one 
child who developed a haemolytic anaemia due to 
chloramine sensitivity,? deionisers were not used. 
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Later in the study shorter dialysis (up to 5 hours 
three or four times a week in the evening after school) 
was introduced because be:ter school attendance 
could be obtained.® All the children at some time 
had x-ray evidence of secondary hyperparathyroid- 
ism or osteomalacia, or both, and received calciferol 
or, later, dihydrotachysterol for varying periods to 
control the bone disease. À free diet was encouraged, 
apart from sodium and water restriction. A dietary 
record was completed every month for a 3-day 
period? and was analysed by computer, and specific 
dietary adjustments were undertaken by the dietitian 
and child together. If energy or protein intake was 
inadequate supplements were used.  Hyperphos- 
phataemia was controlled by dietary adjustments or 
by consuming aluminium hydroxide preparations 
with meals. Each child was reviewed by the team of 
doctor, nurse, dietitian, and sccial worker at roughly 
monthly intervals. X-rays of the left hand and wrist 
were taken every 3 months for bone age and to 
assess osteodystrophy; pubertal staging was under- 
taken every 6 months. Children not previously 
immunised are now given measles vaccine at presen- 
tation. 


Renal transplantation. 


Surgical management 

Most allografts were transplanted retroperitoneally 
into the iliac fossa and the renel artery anastomosed 
to the aorta or common iliac artery The renal vein 
was anastomosed end to side to the inferior vena 
cava or common iliac vein. The ureter in most cases 
was implanted using the  Leadbetter-Politano 
technique. 

Bilateral nephrectomy before transplantation 
was performed in 16 children because of upper tract 
dilatation or vesicoureteric reflux; while in 2 children 
hypertension after transplantation required neph- 
rectomy. Only one graft into an ileal loop was 
undertaken; ureters were successfully placed in the 
bladders in all the other children who had had 
obstructive uropathy as the primary renal disease. 
HLA matching and cytotoxic cross-matching were 
carried out for all grafts, and mixed lymphocyte 
cultures for some. All children had received blood 
transfusions before transplants but no formal policy 
to transfuse patients before transplantation was 
undertaken for fear of sensitising patients. 


Medical management 

1 g methyl-prednisolone and 120 mg/m? azathio- 
prine were given during the operation. Thereafler 
medical management, particularly of the latest cases, 
consisted of prednisolone 60 mg/m? twice daily 
tapered rapidly over about 30 weeks to 20 mg/m? 


given on alternate days, plus azathioprine 120 mg/m? 
reduced to 60 mg/m? after 2 weeks and maintained 
thereafter at this level unless an adjustment had to be 
made for leucopenia, infection, or hepatic dysfunc- 
tion. Daily clinical assessment with monitoring of 
weight, blood pressure, plasma electrolytes, creati- 
nine, and blood count continued for 1 month 
and the frequency was then gradually reduced, 
depending on progress, to weekly by 4-6 months, 
then monthly by 12-18 months after transplant. 
Rejection was diagnosed by a rise in the level of 
plasma creatinine, other clinical findings, or from the 
result of' dynamic renal scintigraphy which was 
performed frequently starting immediately after the 
operation; the techniques and results have been 
discussed in more detail elsewhere. Percutaneous 
renal biopsy was undertaken if there was any doubt 
about the presence of rejection. Rejection episodes 
were treated with daily injections of methyl- “© 
prednisolone, 30 mg/kg, for 3 days and, until 
recently, with intravenous actinomycin and radio- 
therapy to the graft daily for 3 days up to a maximum 

of three courses in all. 


Results 


Patient survival in ail 75 children with end-stage 
renal failure was 76% at 5 years, and the 5-year 
survival rate of the 57 children treated in the last 6 
years was 83% (Fig. 7). 


Dialysis. 


Patient survival 

Currently 3 patients are on hospital haemodialysis 
and 10 patients are on home haemodialysis. The 10 
patients have been on home haemodialysis from 
periods of between 18 and 120 months. Actuarial a 
5-year survival on dialysis was 94% at 5 years , 
(Fig. 7). One patient on hospital haemodialysis for 

7 months remained too sick to be transferred to home 
dialysis and she eventually died after an episode of 
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Fig.7 Actuarial cumulative survival of patients («15 
years) on dialysis alone and those dialysed and 
transplanted. 
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hypotensive collapse and convulsions associated 
with hypokalaemia. Two patients on home dialysis 
died, one after peptic ulceration and sepsis, and the 
other after septicaemia. 


Complications 

All the children were anaemic and were transfused, 
generally with washed red cells when the haemoglobin 
concentration fell below 5 g/dl; 3 children had 
splenectomies associated with a rise in haemoglobin 
after red cell survival studies had indicated hyper- 
splenism. A mean of 2 units blood (range 0-5) per 
child a year was required to maintain the haemo- 
globin on dialysis. Episodes of septicaemia secondary 
to shunt or fistula infection were treated with paren- 
teral cloxacillin and ampicillin in the first instance. 
15 children had bilateral nephrectomies for persistent 
hypertension, with improvement in their condition 
and, often, better appetites and greater rates of 
growth. An average of one operation a year was 
required usually for shunt revision or fistula creation 
in a child on home dialysis. 

One child developed pancreatitis due to over- 
dosage of vitamin D but recovered after a period of 
dialysis in hospital. Three children underwent total 
parathyroidectomy for uncontrollable osteitis fibrosa 
cystica with hypercalcaemia on vitamin D supple- 
ments. No child required antihypertensive medication 
or digoxin. Convulsions were common early in the 
initial period on dialysis but were rare after they had 
returned home; only 2 children (with cystinosis) 
had a fit while on home dialysis. During the last 
7 years no patient was or became Australia antigen- 
positive or developed hepatitis. Four boys on 
dialysis each had a priapism, 2 of whom needed sur- 
gical relief; neither can currently obtain an erection. 


Transplantation. 


Patient survival (Fig. 7) 

46 of the 64 recipients who had transplants during 
the last 10 years are currently surviving with 
functioning allografts. 12 have died and 6 have 
returned to dialysis while awaiting a subsequent 
allograft, 3 after the 2nd transplant had failed 
(Fig. 3). 

Seven of the 12 deaths resulted from uraemia, gen- 
erally with sepsis, after a firm decision had been taken 
not to offer further dialysis and retransplantation 
because a successful transplant was unlikely to be 


——— achieved, or because of the physical and emotional 


stress for the child and the family. One death 
occurred from pseudomembranous colitis, 1 from 
gastric haemorrhage after rejection, 1 from pan- 
creatitis, 1 from a rhabdomyosarcoma, and 1 from 


electrolyte imbalance and cardiac arrest on| peri- 
toneal dialysis after graft failure. 
Graft survival | 


76% of live, related donor grafts, 46% of 1st cadaver 
donor grafts, 39% of 2nd cadaver donor grafts, 
and 1 of 3 3rd cadaver donor grafts are still! func- 
tioning 1 to 113 months after the transplant. 
Actuarial graft survivals for Ist grafts are shown 
in Fig. 8. Live donor graft survival was 65% at 3 
years and 55% at 5 years. Ist cadaver graft survival 
was 42% at 5 years. Results obtained during the last 
6 years of the 10-year period showed an improve- 
ment with live donor graft survival of 71% and a 
Ist cadaver graft survival of 47% at 3 years: 63% 
of cadaver donor grafts and all live donor grafts 
were matched for at least 2 HLA antigens, but no 
comment can be made about the effects of, HLA 
matching as the groups are too small for analysis. 
The one live donor graft fully matched for! HLA 
antigens was lost through rejection and l of 3 
cadaver grafts fully matched was rejected. Cross- 
matching was negative for all grafts. The mixed 
lymphocyte cultures carried out on a number of 
patients showed little correlation with graft survival 
either for cadaver! or live donor grafts. | 


Rejection 

Acute rejection treatment was required at ica once 
in all patients and up to 12 times in some in the first 
few months after transplantation. Good function 
was obtained eventually in some children who 
required up to 9 separate courses of treatment for 
rejection. 
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Transplant failures 

Three patients were considered primary failures in 
that the graft never functioned and was removed. 
In one patient the renal vein of the donor kidney 
removed at another hospital was too short to effect 
an anastomosis so that the operation was not 
completed. In 16 cases, the graft was lost because of 
rejection, and the child returned to dialysis. In one 
case a pyonephrosis developed and one graft was 
removed because of failure to achieve adequate renal 
perfusion due to internal damage to the renal 
artery. 


Recurrence of original disease 

Recurrence of the original disease occurred in only 
2 patients. Each had focal segmental glomerulo- 
sclerosis and developed massive proteinuria after 
transplantation. Diagnosis was confirmed on biopsy 
of the transplanted kidney; each has continued to 
function well up to 4 years after the transplant. 
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Surgical complications 

The surgical complications encountered included 
haemorrhage/haematoma formation (7 patients), 
wound sepsis (5 patients), ureteric obstruction 
(4 patients), with ureteric leaks and fistula formation 
in 7 patients. Three patients had renal artery stenosis 
which required surgery and 3 had lymphoceles. 
One patient developed an iliac vein thrombosis in 
the late phase of transplantation and one patient 
had a small bowel obstruction. 


Other medical complications 

Anuria. 30 patients were anuric after the 76 successful 
transplantation operations and needed further 
periods (up to 5 weeks) on haemodialysis. 


Hypertension. 21 patients developed hypertension 
postoperatively and required antihypertensive medi- 
cations. 'Two patients developed hypertensive 
encephalopathy. 
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Fig. 9 Height centiles at beginning of treatment and at time of change of treatment, death, or in June 1978, for boys 
plotted against chronological age. Only children treated for more than 1 year are included. 
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Urinary tract infectión. 15 patients had 30 episodes 
of urinary tract infection caused by a variety of 
organisms, particularly Escherichia coli. Pseudo- 
monas aeruginosa and Klebsiella aerobacter were also 
common infecting organisms. 


Pyrexia of unknown origin. Three patients showed 
unremitting fever in the early postoperative phase 
for which no immediate cause could be found. Viral 
infection, particularly cytomegalovirus, was sus- 
pected in all and confirmed in one patient who 
recovered with full renal function in conjunction 
with a course of adenosine arabinoside. 


Unusual infections. Generalised sepsis from Staphy- 
lococcus aureus was seen in 2 patients, viral myo- 
carditis was encountered in 2 cases, and herpes 
zoster was seen in one patient. Two children had 
varicella infection treated with adenosine arabino- 
side but the attacks were slight, and the children 
survived. All children exposed to varicella were 
given hyperimmune gammaglobulin. Two patients 
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| 
early in the study became Australia antigen-positive 
during treatment and, when their kidneys failed, 
this became a factor in the decision for further 
treatment. | 


Corticosteroid toxicity. Weight gain and a cushingoid 
appearance were seen in all patients in the months 
immediately after transplantation but abated in the 
second year when all children were on alternate-day 
treatment with corticosteroids. Gross obesity 
remained a problem in some children, however. 
Steroid myopathy (3 patients), duodenal ulcer, and 
oesophagitis were also encountered. Three patients 
developed avascular necrosis of the hips. | 
Blood dyscrasia. Leucopenia ascribed to sensitivity 
to azathioprine and requiring adjustment of dosage 
occurred in 6 patients. | 
Hyperglycaemia. This was a problem in 3 patients 
with cystinosis in the postoperative phase and 
required short-term treatment with insulin.' 
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Fig. 10 Height centiles at beginning of treatment and at time of change of treatment, death, or in June 1978, for 


girls plotted against chronological age. Only child:en treated for more than 1 year are included. 
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Convulsions. Six children each had at least one con- 
vulsion, generally in association with hypertension; 
of these, 2 children had cystinosis. Three continued 
to require anticonvulsive therapy even after the 
hypertension had been controlled. 


Growth 

Growth failure is a regular accompaniment of end- 
stage renal failure.!? 40% of children entering this 
programme were below the 3rd centile for height 
for age. The overall growth of individual children 
followed for at least one year and plotted against 
chronological age is shown in Figs 9 and 10. 
Most children showed some growth although 
occasionally virtual growth arrest was seen. The 
growth patterns are analysed in Fig. 11. In 
prepubertal children (under 11 for boys and under 9 
for girls), growth in boys after transplantation was 
better than for boys on haemodialysis. Growth was 
also better after transplantation in both girls and 
boys after puberty. 


Psychosocial problems 

Dealing with end-stage renal disease is complicated 
because most of the family is affected. Haemodialysis, 
particularly if conducted in the home, entails an 
unavoidable disruption in the family which may 
constitute either a cohesive or a disruptive force. 
A detailed psychosocial assessment of this problem 
has been published. Generally, a year on home 
dialysis was acceptable to about 80% of the children 
and to about 50% of the families. However, a suc- 
cessful transplant was regarded as being preferable 
and apart from anxieties about graft function and 
the tension during the transplant period there was 
resumption of normal family life. One adolescent 
girl failed to take the prescribed corticosteroids 
because of anxiety about her appearance after the 
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Fig. 11 Comparison of growth between dialysis (D) 
and transplantation (T) in children treated for at least 

I year. Pubertal status was defined as a chronological 
age of more than 11 years in boys and 9 years in girls. 
SD is the standard deviation score caiculated as the 
difference between the standard deviation of height from 
the mean of normal children of the same age at the 
start and at the end of the period of assessment.™ 


Table Number of children attending school after 
dialysis or transplant 





School rehabilitation Dialysis Transplants 
Hospital Home Ast, 2nd, or 3rd 
No. % Na % No. Y& 
Full time 8 80 23 64 
Part time, with full 
activity 1 25 1 10 3 8 
Full time, with part 
activity 3 8 
Part time, with part 
activity 2 50 1 10 4 11 
Unable to attend i 25 3 8 





transplantation and she is now back on dialysis. 
In-none of the families has the stress led to a break- 
down of the marriage. 

50 of the children have been followed up to 


‘> 


determine their rehabilitation as of June 1978. "N 


This is shown in the Table. 80% of children on home 
dialysis have full time school attendance or are very 
close to normal functioning. 6497 of children who 
have had renal transplants are in this category. The 
percentage of children not functioning optimally 
comprise children currently on hospital haemo- 
dialysis as inpatients or children who have recently 
undergone renal transplantation and are in the 
process of being rehabilitated to full function. 


Discussion 


Regular dialysis and renal transplantation are 
accepted as effective methods for treating adults with 
terminal renal failure. Some centres have now 
reported their experience with paediatric dialysis 
and transplantation.*79 The results are equally 
good. The figures from the European Dialysis 
Transplantation Association show that best results 
are obtained in children in the 10- to 14-year age 
group.1?? Our results are comparable with other 
large series. The encouraging feature is the improved 
results obtained in the last 6 years. While there have 
been no major breakthroughs during this time, the 
results can be attributed to the intensive experience 
gained during the last 10 years, to the development of 
full paediatric facilities to handle the case load, to the 
close attention to medication including the use of 
alternate-day corticosteroids,13 to the earlier diag- 
nosis of rejection with the help of renal scintigraphy" 
and, perhaps, to the use of methylprednisolone pulse 
therapy for the treatment of acute rejection. 

Our experience shows that a fully integrated ser- 
vice of dialysis, both peritoneal and haemodialysis, 
and renal transplantation are essential for success. 
Such a system allows the optimal mode of treatment 
to be chosen for a child at any time and allows him 
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to move freely from one treatment to another. 
This series is unique because of the large number of 
children cared for by home haemodialysis. We have 
found this form of treatment to be suitable for 
many children while awaiting transplantation; the 
home conversion required is expensive although the 
new dialysis methods with regeneration of dialysis 
fluid require less plumbing and are portable, and 
unless a long period on dialysis 1s envisaged, home 
dialysis 1s often preferred. Increasingly the aim is for 
a short period on dialysis before transplantation. 

Another unique feature is the high proportion of 
live related donor transplantations. There were 37 
live related donors, most of them parents, in this 
series. No pressure was exerted on the family to 
offer the kidney. Before entering the chronic renal 
programme the various options were explained to 
the family, and the facts regarding transplantation 
and the results in this hospital were placed before 
them. Any decision regarding live related donors 
was made by the family; many families had been 
referred with the express intention of donating a 
kidney. Some donors were refused because of 
existing renal disease, often previously undiagnosed. 
Live related donor transplantation was discouraged 
if the family was considered unstable. Formal 
psychiatric assessment of the family was not how- 
ever, a routine measure. 

During the last 10 years the programme has been 
evaluated repeatedly and modifications made to the 
thérapeutic regimen. Latterly our immunosup- 
pressive protocol has been changed because we were 
concerned that sepsis was common. We were 
worried about the fairly high incidence of late 
rejection episodes and continuing loss of grafts at 
2 and 3 years after the transplant, and we had seen 
some rare complications or associations related to 
our immunosuppressive therapy—for example, 
pancreatitis, rhabdyomyosarcoma,  pseudomem- 
branous colitis. Prednisolone dosage has been halved 
in the period after transplantation but increased to 
30 mg/m? every other day at one year. It is important 
not to risk the patient's life in a vain attempt to 
preserve graft function in a failing kidney by over- 
enthusiastic immunosuppression. 

Theimproved survival means that attention should 
be focused on quality of life. In paediatric practice 
therefore, optimal growth is a prime consideration. 
An unacceptably large number of children have 
severe growth retardation when they enter the 
chronic haemodialysis and renal transplantation 
programme and most of these patients continue to 
show a relatively low growth velocity while on 
dialysis or after transplantation; the poor growth in 
early life of children with chronic renal insufficiency 
is a major problem and an aggressive approach to 


management at this time is justified.!? Bone age is 
usually retarded in children with chronic !renal 
failure and at least until after puberty height is 
often consistent with skeletal development.! The 
growth data presented in this study are related to 
chronological age because adequate data on skeletal 
development were not collected early in the study 
and the final heights of these children may be 
significantly better than suggested by Figs 9 and 
10. Many children showed useful and even catch-up 
growth although, overall, the beight centiles deter- 
iorated in all groups except for prepubertal boys 
after transplantation. When related to chronological 
age, growth was generally better after transplanta- 
tion than on dialysis; the data accumulated by the 
European Dialysis and Transplantation Association 
show a similar trend.! 1? Sexual development is also 
delayed and obviously growth data should take 
account of this; unfortunately in the earlier patients 
we did not adequately document this so the separa- 
tion shown in Fig. 11 has been taken at the mean 
age for onset of puberty in normal children. Finally 
in relation to growth, it should be stressed that good 
dietary advice for children on dialysis is im- 
portanti?-?9 and that corticosteroid dosage after 
transplantation should be kept to a minimum. 

Quality of life extends to the everyday activity of 
these children. The programme can be considered 
a success only if it exerts a minimal intrusion on their 
lives and they can be rehabilitated to as near normal 
life as possible. It has previously been documented 
that the school attendance of children on home 
haemodialysis is 65 + 15 75: the national average for 
secondary schools is about 90 %.5 Prolonged duration 
in hospital and close follow-up is requied for at 
least 6 months after renal transplantation. After a 
year, apart from monthly visits to hospital and the 
necessity to remain on immunosuppressive agents, 
these children lead normal lives. The better growth 
and rehabilitation after transplantation make this, 
not dialysis, the aim of treatment; the shortage of 
donor kidneys for transplantation is critical and all 
doctors, including paediatricians, should be:aware of 
the need. | 

The management of the child with end-stage renal 
failure and his family is complex. It involves dialysis 
machines, intricate surgery, and meticulous mani- 
pulation of dangerous drugs but in particular it 
involves a complex human element, a sympathetic 
understanding by the staff, the child, and his family. 
The development of full paediatric facilities with 
staff attuned to the varied needs of these children 
is an important aspect of the endeavour to provide 
a full and complete life to the child who presents 
with end-stage renal failure.” Staff should include 
paediatric nephrologists, transplant surgeons, pae- 
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diatric and dialysis nurses, hospital school teachers, 
specialised social workers and dietitians, and access 
to child psychiatry; facilities include paediatric 
wards, separate dialysis facilities for children, and 
ideally the close support of a university children's 
department and an adult nephrology department.?? 
The financial cost per patient is high? but this is 
lower if the service is orientated to transplantation 
and is developed alongside an adult unit. Financial 
assistance with travelling costs is important for 
families and here we rely heavily on the British 
Kidney Patients Association for help. 

Experience throughout Europe and in the USA 
suggests that while selection for treatment is desir- 
able and that each child should be considered 
individually, some of the restrictions practised early 
in our study are no longer valid. Most doctors 
would still be doubtful about treating infants under 
age 2 years but results in children aged between 
2 and 5 years are reasonable, ?* and a blanket 
restriction will probably not be tenable in the future. 

About half the children in the UK with terminal 
renal failure die untreated because of lack of 
facilities. A plan for provision of care exists?* and 
has been accepted by the British Paediatric Asso- 
ciation, the Renal Association, and the Department 
of Health, but has still not been fully implemented. 
Of the 12 units recommended for the treatment of 
children in terminal renal failure, only 5 are fully 
functional and the supraregtonal planning suggested 
in the BAPN report®* has not been undertaken. We 
suggest that the results are sufficiently good for it 
no longer to be reasonable to deny treatment to 
these children and therefore that the present public 
concern is justified. 


We are grateful to the many doctors, nurses, physio- 
therapists, social workers, teachers, dietitians, and 
other staff who have cared for these children and 
their families. We are especially grateful for the 
support of the British Kidney Patient Association, 
National Kidney Research Fund, the Variety Club of 
Great Britain, and many other organisations and 
individuals who have contributed to the funding of 
the programme and the research connected with it. 
We gratefuly acknowledge the support of the 
DHSS particularly with the study of home dialysis, 
and the continuing help of the regional and central 
medical officers, especially Dr G Pincherle. 
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Treatment of mesangiocapillary glomerulonephritis in ~ 


children with combined immunosuppression and 


anticoagulation 


S J CHAPMAN, J S CAMERON, C CHANTLER, AND D TURNER 
Department of Paediatrics, Department of Renal Medicine, and Department of Pathology, 


Guy's Hospital, London 


SUMMARY 10 children with mesangiocapillary (membranoproliferative) glomerulonephritis 
with features associated with a poor prognosis (either crescentic nephritis or a decline in renal function 


occurring after the initial presentation) were treated with a combination of immunosuppression and - 


anticoagulation using corticosteroids, azathioprine, and heparin followed by warfarin and dipyri- 
damole. Children were followed up for between 2 and 5 years, and at the end of this period 2 had 
died and 2 had entered the dialysis/transplant programme, but 6 were well (5 with glomerular fil- 
tration rates greater than 65 ml/min per 1-73m*). We suggest that these results are sufficiently 
promising to encourage further trials of this form of treatment. 


Mesangiocapillary glomerulonephritis (MCGN) 
(sometimes called membranoproliferative glomerulo- 
nephritis or MPGN) is a disease of childhood and 
early adult life About 40% of patients with MCGN 
present with a nephrotic syndrome, the remainder 
with symptomless haematuria or proteinuria, or 
macroscopic haematuria and an acute nephritic 
syndrome. A depressed level of serum complement 
is generally found at some stage of the disease and 
this is often persistent, but some patients keep a 
normal serum complement throughout. The diag- 
nosis is made by renal biopsy. The histological 
features are increased glomerular size, irregular 
thickening of the glomerular capillary walls, endo- 
capilla proliferation, and an increase in the 
amount of mesangial matrix and the number of 
mesangial cells. 

Two main histological subtypes are recognised: 
type I (or subendothelial deposit MCGN) in which 
the electron-dense deposits within the capillary wall 
are subendothelial, and an appearance of 'double 
contour’ is seen in the capillary wall in silver- 
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stained preparations; and type II MCGN (or 
intramembranous dense deposit disease) in which a 
continuous deposit is present within the basement 
membranes of glomerulus, tubule, and Bowman’s 
capsule, and the ‘double contour’ appearance is not 
seen. Epithelial crescents may be seen 1n association 
with either type of MCGN, and are associated with a 
poor prognosis. 

The clinical course of MCGN is usually pro- 
tracted, with very few lesions healing completely, 


although patients can run a rapid course to early BW 


renal failure within a few months of diagnosis. In the 
series of Habib e/ al.* comprising 105 children with 
both types of MCGN, the survival rate at 10 years 
was only 50%, and the annual mortality was 6:4 94. 
In our series of 36 children with type I MCGN,! 10- 
year survival was 53%. Features associated with a 
poor prognosis are listed in Table 1. Crescentic 
glomerulonephritis carried a very poor prognosis, 
with a mortality of 50% within one year and 1007; 
within 4 years. 

This prolonged and variable course makes the 


Table 1 Features associated with a poor prognosis in 
mesangiocapillary glomerulonephritis (after Habib et al.*) 


Crescentic nephritis (more than 30% of glomeruli) 

Deterrorating renal function after presentation 

Persisting nephrotic syndroms 

Macroscopic haematuria, especially if persistent 

Raised blood urea at presentation (one-third of patients do badly) 
Dense deposit disease (type IT MCGN) 
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assessment of the effects of treatment difficult. 
Because of the immunological pathogenesis of 
MCGN, corticosteroids and immunosuppressive 
agents have been used, alone and together. Results 
have been disappointing, and despite some en- 
couraging reports of response to corticosteroids? 18 
this has not always been confirmed? nor was it con- 
firmed in a controlled trial organised by the Inter- 
national Study of the Nephrotic Syndrome in 
Childhood. We have used a combination of immuno- 
suppressive and anticoagulant drugs in patients with 
glomerulonephritis complicated by extensive cres- 
cent formation and declining renal function, which 
are known to carry a very poor prognosis. S Some 
of these patients had MCGN with crescents, and 
these children are discussed here in more detail. Our 
results were encouraging and, together with the 
data of Kincaid-Smith’ using a simular regimen in 
adult nephrotic patients with MCGN and reduced 
renal function, suggested that combined immuno- 
suppression and anticoagulation might be used in 
children with MCGN whose renal function was 
declining, but who did not necessarily show ex- 
tensive crescent formation. 

This paper presents preliminary results of treat- 
ment using combined immunosuppressive and 
anticoagulant treatment in a group of 10 children 
with MCGN and either extensive crescent formation 
or worsening renal failure, or both. 


Patients and treatment 
Patient selection. Each patient with MCGN was 


Table 2 Patients treated with quadruple therapy 


chosen for treatment because he had indicators that 
suggested a poor prognosis: either a decline in renal 
function during follow-up (glomerular filtration rate 
falling by at least 20 ml/min per 1:73m?, to less than 
65 ml/min per 1:73m?), or more than 50% of 
glomeruli in a renal biopsy with crescents. We also 
planned to treat any child with severely impaired 
renal function at presentation, as one-third of such 
patients do badly. All but one of such patients 
presenting during the period of study had more than 
50% crescents, and were treated for this reason. 
One boy (who was withdrawn from the study when 
treatment had to be stopped because of appendicitis) 
had diminished renal function and only 10% of 
glomeruli affected by crescents. Details of the 10 
children are given in Table 2 

The early course of Cases 1 and 3 was described 
by Brown et al.;* data on glomerular filtration rate 
only of Cases 1, 2, 3, and 4 were given in Table 1 of 
Cameron. 


Treatment. The quadruple therapy regimen of 
immunosuppression and anticoagulation consisted 
of: prednisone 2 mg/kg per 24 h decreasing to 0:25 
mg/kg per 24 h on alternate days, azathioprine 2 
mg/kg per 24 h, subcutaneous heparin 4 times a day 
for one month to double the thrombin time, followed 
by warfarin to double the prothrombin time, and 
dipyridamole 10 mg/kg per 24 h. 

Full treatment was continued for one year then 
one drug at a time was stopped, beginning with 
azathioprine in the first 4 patients. Six children were 
maintained longer on prednisone and azathioprine 





Case Age Sex Histological % crescems Nephrotic Macroscopic Reason for Glomerular filtration rate 
(years) type syndrome haematuria treatment at start of treatment 
(ml[min per 1:73m2) 
1* 6 F Linear dense 100 4 Crescentic Ot 
(II) nephritis and anuria 
2 12 M Subendothelial 50 T T Crescentic nephritis 37t 
(I) 
3* 7 F Subendothelial 50 + = Crescentic nephritis 22t 
4 8 M Subendothel:al 80 ue -— Crescentic nephritis Ot 
and anuria 
5 7 F Linear dense 85 Ez ^ Crescentic nephritis 55 
(IT) 
6 12 F Subendothelial 0 -t 4 Deteriorating renal 39 
function 
7 12 F Linear dense 6 -+ -+ Deteriorating renal 51 
function 
8 11 F Subendothelial 0 4 -— Deteriorating renal 60 
Pos (D function 
E no 13 M Subendothelial 10 -— 4 Deteriorating renal 60 
' function 
10 10 M Linear dense 0 4 ~ Deteriorating renal 38 
function 


* Early course was described by Brown et al,* as Cases 6 and 5. 
t Data on glomerular filtration rate are given in Table 1 of Cameron § 
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after anticoagulants had been stopped at 12-18 
months, because there was a rapid decline in renal 
function after withdrawal in some earlier patients 
(see below). 


Results 


Renal function. Table 3 gives details of the outcome 
in the 10 children treated for at least a year, or until 
terminal renal failure. Glomerular filtration rate was 
measured using a single injection of ?.Cr-edetate.!5 
For the whole group, glomerular filtration rate rose 
from a pretreatment mean of 36 ml/min per 1-73m? 
to 56 ml/min per 1:73m? after one year. After a 
follow-up period of between 2 and 5 years (mean 
3-25) 4 patients had died or had entered the dialysis/ 
transplant programme, and 6 were well. Five of these 
had glomerular filtration rates in excess of 65 ml/min. 

In the 5 children wich crescentic nephritis (Cases 
1 to 5), the mean glomerular filtration rate increased 
after a year's treatmert from 23 to 50 ml/min per 
1:73m*. One child (Case 1), in renal failure and 
already on dialysis at the start of treatment, recovered 
no function. The changes in glomerular filtration 
rates for the other 4 are shown in Fig. 1. Case 2 had 
no apparent response, and declined slowly into 
chronic renal failure. He has now received a renal 
transplant. Case 3 showed initial improvement, but 
after withdrawal of azathioprine her renal function 
deteriorated sharply, and she died in renal failure 
3% years after starting quadruple therapy. In 2 
children (Cases 4 and 5), one of whom was anuric at 
presentation, with more than 80% of glomeruli 
showing crescents, renal function returned to normal 
and is still normal 2 years later. 

Cases 6 to 10 were treated because of a late 
decline in renal function; the mean glomerular 
filtration rate rose from 50 to 64 ml/min per 173m? 
after a year's treatment, a rise of 14 ml/min per 
1-73m*, whereas in the year before treatment there 
had been a mean fall of 49 ml/min per 1-73m?. 


Table 3 Progress of patients treated with quadruple therapy 
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Fig. 1 Changes in glomerular filtration rate after 
treatment with immunosuppression and anticoagulation in 
patients with crescentic nephritis. Duration of treatment 
Is shown (and in Figs 2 and 3) by the black bar at 

the top. 


After follow-up from 2 to 5 years (mean 3:4) one 
child is on dialysis, but the other 4 are well with 
glomerular filtration rates of 38, 66, 72, and 102 
ml/min per 1:73m*. The condition of one child 
deteriorated after treatment was stopped and he is 
now on dialysis, and is discussed below; the changes 
i1 glomerular filtration rates for the other 4 are 
shown in Fig. 2. The child whose glomerular 





Case Reason for treatment Glomerular filtration rate (ml]min per 1-735?) Length of follow-up 
from start of 
One year Af start of One year later Present state treatment (pears) 
before treatment treatment 
1 Crescentic nephritis G Dead 05 
2 Crescentic nephritis 37 18 Renal transplant 25 
3 Crescentic nephritis 22 49 3.5 
4* Crescentic nephritis 0 65 102 2.5 
s+ Crescentic nephritis 55 106 125 3 25 
6 Deteriorating renal function 70 39 69 Dialysis 3.5 
7* Deteriorating renal function 104 51 84 72 2.25 
8* Deteriorating renal function 106 60 53 38 30 
9 Deteriorating renal function 80 60 54 66 5.75 
10* Deteriorating renal fuaction 134 38 50) 102 275 





* Still on treatment at last follow-up. 
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Fig. 2 Changes in glomerular filtration rate before and 
after treatment with immunosuppression 
and anticoagulation for declining renal function. 


filtration rate is now 38 ml/min is known to have 
complied poorly with prescribed treatment. 


Histology. Five of the 6 patients who have done well 
have had post-treatment biopsies, and the findings 
are summarised in Table 4. The extent of the 
deposits is difficult to judge, but was not thought to 
be less in any biopsy and was definitely worse in one. 
Epithelial crescents had resolved without an equiva- 
lent increase in glomerular sclerosis in 2 post- 
treatment biopsies, and cellularity had decreased in 3. 


Treatment withdrawal. Two children showed a 


marked decline in renal function associated in time 
with withdrawal of treatment, in one case after stop- 


Table 4 Changes in histology after treatment 


ping azathioprine, and in the other after stopping 
anticoagulants, azathioprine and corticosteroids 
having already been stopped. The changes in 
glomerular filtration rate related to treatment are 
shown in Fig. 3. In neither case did reintroduction 
of treatment reverse the downwards trend. 


Complications. Despite the potential toxicity of the 
treatment, there have been few complications in 
these patients. One boy was excluded from the 
series as treatment was stopped because of masked 
acute appendicitis. Cellulitis of the leg has been the 
only serious infective complication, although one 
boy had localised herpes zoster. One child failed to 
tolerate azathioprine because of gastrointestinal 
disturbance, and 6-mercaptopurine was eventually 
substituted. 


Treatment 
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Fig. 3 Changes in glomerular filtration rate after 
withdrawal of treatment with immunosuppression and 
anticoagulation in 2 patients. 





Case % glomeruli with crescents 
“4 Before treatment After treatment 
—— 
4 80 0 
5 85 9 
7 6 0 
9 10 0 
10 0 0 


94 sclerosed glomeruli Deposit Cellularity 
after treatment 


34 No change Decreased 
25 No change Decreased 
12 Increased Wo change 
90 No change No change 
14 No change Decreased 
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The most common complication has been failure 
to comply with the complicated regimen prescribed, 
which included hypotensive therapy and diuretics in 
6 instances. This may be a reflection of the age group, 
as most of our patients were adolescents faced with 
the additional problems of a chronic illness. At least 
3 were known to have taken their medications vari- 
ably and unreliably, which is obviously a particular 
hazard if anticoagulant dosage is being adjusted 
according to prothrombin time. 


Discussion 


The difficulties of assessing treatment efficacy in a 
fairly rare disease witk a variable individual course 
and an overall mortalizy of 50% at 10 years have 
already been mentioned. However, this small group 
of children were treated with combined anticoagu- 
lation and immunosuppression because findings 
suggested poor prognosis, and renal function has 
been maintained better than the natural history of 
the disease would predict. In the large French 
series? mortality for MCGN with more than 30% 
glomeruli showing crescents was 50% at one year 
and 100% at 4 years, whereas for our small treated 
series it was 20% at one year and 405; at 2 years. 
In the French series of 105 cases, only 2 patients 
in whom a late decline in renal function during 
follow-up was observed, recovered renal function, 
whereas all our treated children in this group with 
later renal failure imp-oved their glomerular fil- 
tration rates during treatment. The histological 
changes are difficult to evaluate without data on 
changes in untreated patients, but crescents dis- 
appeared and cellularity decreased. 

The regimen used is complicated, but may be 
defended from knowledge of the mediation of 
injury in glomerulonephritis. Antithrombin agents, 
such as heparin and warfarin, may prevent con- 
tinued fibrin deposition within and around the 
glomeruli. Leakage of fibrin into the extraglomerular 
space appears to be the main cause of crescent 
formation in experimental glomerulonephritis,? and 
although treatment of experimental glomerulo- 
nephritis with antithrombin agents has given incon- 
sistent results, earlier defibrination with ancrod 
protects rabbits given anti-GBM antibody nephritis.® 
Platelets may be involved in the mediation of injury 
in nephritis; they certainly facilitate immune com- 
plex localisation in the vasculature in animal 
models.?-1? In MCGN rlatelet turnover is acceler- 
ated 1? and lowered intraplatelet serotonin levels 
are found. 

The justification for using immunosuppression as 
well as anticoagulation is that such a regimen 
blocks inflammation induzed by a variety of mechan- 


isms, and that even if such treatments alone do not 
appear to have an effect, the blocking of most or all 
pathways leading to inflammation at the same time 
might achieve benefit not obtainable with any agent 
alone. Combined immunosuppression and anti- 
coagulation was first used in a mixed group of 6 
adult patients by Kincaid-Smith ef al. The only pre- 
vious application to children (apart from those in- 
cluded in our previous papers)? was that by Robson et 
41? who treated 6 children with crescenticglomerulo- 
nephritis (4 of whom had type II MCGN) with 
antithrombin agents, dipyridamole and azathioprine, 
tor up to 2 years, All had evidence of continuing 
intravascular coagulation and were selected for that 
reason. In a brief follow-up (one year) all 6 responded 
clinically, with return of renal function to normal, 
and in 5 biopsied patients histological appearances 
in the glomeruli improved. It is more difficult to 
assess the outcome of the 8 children with probable 
MCGN treated by Herdman et al‘ with anti- 
coagulants alone, but 4 may have shown benefit. 
The reduction, in glomerular filtration rate 
observed in 2 patients on withdrawal is further 
evidence that the treatment had modified the pro- 
gress of the disease. It may be that the improvement 
apparently obtained is only temporary. Only longer 
follow-up will determine this, but even if all that can 
be achieved is a postponement of renal failure for a 
few years during which time physical and emotional 
growth can continue, this would still be of great 
value in an illness which is otherwise likely to inflict 
the rigours of a dialysis-transplant programme on an 
adolescent already disturbed by chronic illness. 


Addendum 


During a further year’s follow-up, two patients 
(Cases 4 and 10) have shown sharp deteriorations in 
function, the former is now on regular haemodialysis, 
the latter has a glomerular filtration rate of 39 ml/ 
min. The other 4 patients continue as before, 
although Case 8 has lost further function. 
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Severe combined immunodeficiency and adenosine 
deaminase deficiency: failure of enzyme replacement 
therapy 


JOHN B ZIEGLER, CHOON H LEE, MARTIN B VAN DER WEYDEN, 
ALDO S BAGNARA, AND JOHN BEVERIDGE 


School of Paediatrics, School of Medicine, and School of Biochemistry, University of New South Wales, and 
Monash University, Alfred Hospital, Melbourne, Australia 


SUMMARY A first-born baby boy presented at age 3 months with persistent diarrhoea, failure to 
thrive, and recurrent bacterial and fungal infections. Severe combined immunodeficiency was 
demonstrated. A deficiency of adenosine deaminase (ADA) activity was suggested by the presence 
of extensive skeletal abnormalities, and the ADA activity in erythrocyte and leucocyte lysates was 
— 0-005 nmol/h per mg protein. Culture of ADA-negative peripheral blood mononuclear cells, to- 
gether with purified calf ADA, did not alter the absent phytohaemagglutinin response. Treatment 
with immunoglobulin, pentamidine, and co-trimoxazole was started and a programme of ADA 
enzyme replacement, with infusions of plasma and frozen irradiated erythrocytes, was begun at 
age 4 months and achieved blood ADA levels in excess of 30 nmol/h per mg haemoglobin. Although 
resolution of the interstitial pneumonitis and skeletal abnormalities was observed, there was no 
evidence of immunological reconstitution. The patient died at age 17 months after a parainfluenza 
pneumonitis. Features of importance in predicting lack of benefit from enzyme replacement by 
erythrocyte infusion in ADA-negative severe combined immunodeficiency appear to be early 
clinical presentation with associated severe skeletal abnormalities, a very low level of residual 
ADA activity in peripheral blood mononuclear cells, and lack of effect of exogenous ADA on the 
absent in vitro mitogen response of ADA-negative blood mononuclear cells. 


Severe combined immunodeficiency (SCID) is with the possibility of prenatal diagnosis and new 


usually familial, often with an autosomal recessive 
pattern of inheritance. About half the number of 
children with the latter mode of inheritance are 
deficient in the enzyme adenosine deaminase 
(ADA)! (adenosine aminohydrolase EC 3.5.4.4), and 
current evidence suggests a causal relationship 
between the enzyme deficiency and the immuno- 
pathology.? The finding of a specific enzyme defect 
in SCID patients has given the opportunity to study 
the pathogenesis of the deficient immune status, 
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approaches to treatment. Using frozen irradiated 
red blood cells from normal donors as a source of 
ADA, Polmar et al. reported correction of the 
immunodeficiency in one patient with ADA- 
negative SCID, but this in vivo immune response 
has not been the experience of others.4~° Clearly the 
reasons for success or failure should be known so 
that patients can be selected for this form of treat- 
ment. We therefore report our findings on the use 
of frozen irradiated erythrocytes and frozen plasma 
as a source of ADA in the treatment of ADA- 
negative SCID. 


Methods 


Frozen blood and plasma transfusions. Frozen 
glycerolised type O red blood cells from female 
donors were thawed, deglycerolised by washing with 
sterile saline, and irradiated with 2000 rad. Before 
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transfusion between 10 and 15 ml/kg of the patient's 
blood was withdrawn and replaced immediately with 
15 ml/kg packed cells. Normal plasma was irradiated 
with 2000 rad and a dose of 15 ml/kg was given 
immediately after the red cell infusion. Survival of 
circulating donor red cells was determined using 
Ashby’s differential agglutination technique.’ 


Fetal liver cell transplants. Human fetuses were 
obtained (from operations for tubal pregnancy or 
hysterectomy), and taken in sterile saline to the 
Prince of Wales Children’s Hospital, where the liver 
was removed aseptically and a single cell suspension 
was prepared by mincing and passing it through a 
series of stainless steel meshes. The cells were 
washed 3 times and injected intraperitoneally within 
3 hours of surgery. 


Immunological evaluation. Serum immunoglobulins 
were measured by radial immunodiffusion.’ Peri- 
pheral blood mononuclear cells were isolated by 
Ficoll-Hypaque density gradient centrifugation.® 
Lymphocyte response to phytohaemagglutinin, 
concanavalin A, and pokeweed mitogen was studied 
in vitro in heat-inactivated normal serum using a 
microculture modification® of a previously described 
technique." Calf intestine ADA obtained from 
Sigma (lot 45C-0404, 1350 IU/ml, 270 IU/mg pro- 
tein) was used in appropriate cultures at a final 
concentration of 2 IU/ml. T-lymphocytes were 
counted by rosetting with sheep red blood cells 
(E-rosettes).!! B-cells were identified as bearing 
complement (EAC) receptors? and surface mem- 
brane immunoglobulin.!? 


Determination of ADA activity in red blood cells and 
leucocytes. ADA activity of red blood cells and 
leucocytes was determined by radioisotopic assay as 
previously described. The ADA assay used to 
monitor the transfusion programme has also been 
described.!^ 


Plasma adenosine. Plasma adenosine was measured 
in neutralised perchloric acid extracts of plasma 
with high pressure liquid chromatography (HPLC) 
using a Partisil 10 SCX cation exchange column. 
Elution was performed with 50 mmol/l NH4H2P04 
buffer (pH 3-0) at a rate of 0-5 ml/min and adeno- 
sine detected at 254 nm and quantified using an 
Autolab integrator (full-scale deflection 0-02) with 
peak area calibration curves constructed from 
standard adenosine solutions. 


Erythrocyte adenine nucleotides. Erythrocyte adeno- 
sine triphosphate (ATP) was measured enzymatically 
using Sigma ATP kit. Since publication of the report 
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implicating 2 deoxyadenosine triphosphate (2dATP) 
as a potentially toxic metabolite,!9 red cells obtained 
from a patient before transfusion were stored in 
liquid nitrogen for 18 months and analysed for their 
nucleotide profile with HPLC after perchloric acid 
extraction and subsequent neutralisation. An Altex 
model 110 system fitted with a Partisil-10 SAX 
anion exchange column was used. Elution was 
performed at a flow rate of 1-2 ml/min using a 20- 
minute concave gradient from 10 to 500 mmol/l 
NH4H2P04 buffer (pH 4-0). Adenine nucleotide 
peaks were detected at 254 nm and quantified using 
an Autolab integrator with peak area calibration 
curves constructed from standard nucleotide solu- 
tions. 


Case report 


A white boy was born on 10 November 1976 after 
an uncomplicated first pregnancy. Birthweight was 
3:6 kg. In the first few days of life several large 
pustular lesions on limbs grew Staphylococcus aureus 
and purulent aural discharge was noted. Diarrhoea 
and cough began at age 2 weeks and persisted until 
he was admitted to hospital. X-rays at age 10 weeks 
showed absent thymic shadow, evidence of interstitial 
pneumonitis, and short ribs with flared anterior ends. 





Fig. 1 X-ray at age 3 months. Note clouded lung fields, 
absent thymic shadow, and flared anterior ends of ribs. 
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Fig. 2 


X-ray at age 3 months. Note widened and 
irregular metaphyseal ends of long bones. 


He was transferred to the Prince of Wales Children's 
Hospital at age 14 weeks. 

On admission he weighed 4:2 kg and showed 
moderate respiratory distress. Tonsils were not 
visible, peripheral lymphoid tissue was impalpable. 
Several depigmented areas up to 2 cm in diameter 
were seen over limbs and buttocks, and oral thrush 
was present. The x-ray abnormalities described 
above were noted (Fig. 1); in addition the proximal 
long bones showed periosteal reaction (Fig. 2); 
metaphyseal ends of long bones were splayed and 
irregular; there was central beaking of lower 
thoracic vertebral bodies and a ‘bone within a bone’ 
appearance, the acetabular roofs were flat and 
irregular, and iliac crest showed osteoid reaction. 
Haemoglobin was 15:0 g/dl white cell count 
4:3 x 10?/l, 64% neutrophils (2-75), 13% lympho- 
cytes (0-56), 4°% monocytes (0-17), 17% eosinophils 
(0-73), and 2% basophils (0:09). Despite abnormal 
platelet function in vitro,!? bleeding time was normal. 
Normal investigations included urinary metabolic 
screen and sweat electrolytes. Immunological studies 
(see Results) indicated SCID. ADA deficiency, 
suggested by the x-rays, was confirmed by analysis 


Table 1 ADA activity in erythrocyte and leucocyte 
preparations in the child with severe combined 
immunodeficiency and his parents 





Activity (nmol/h per mg protein) 


Haemolysate Leucocytes 
Patient <0-005 <0-005 
Mother 28 202 
Father 35 300 
Normal 63--24 (n = 50) 7504-280 (n — 23) 





of red blood cells and leucocytes, and both parents 
were found to be heterozygotes (Table 1). 

With a diagnosis thus made of SCID with prob- 
able Pneumocystis carinii pneumonitis, treatment 
was begun with pentamidine isethionate (for 14 
days), co-trimoxazole, oral nystatin, and gamma- 
globulin. As the infant had no siblings, it was 
decided to attempt immunological reconstitution 
with frozen glycerolated red blood cells and plasma 
(see Methods). Some modest clinical improvement 
took place. Diarrhoea resolved, respiratory distress 
settled, lung fields cleared, and there was a moderate 
weight gain. Maximum weight, after 5 months of 
treatment, was 6:4 kg at age 9 months (3rd centile). 
No evidence of immunological reconstitution was 
obtained although (Fig. 3) modest rises in lympho- 
cyte counts, considered clinically insignificant, 
followed the first 3 infusions. X-ray abnormalities 
improved remarkably and by age 9 months (after 5 
months of treatment), ribs had lengthened with 
resolution of flaring, and long bone metaphyses 
were considered to have become normal in appear- 
ance (Fig. 4). The child had grown 9 cm in length 
during the preceding 6 months. 

At age 9 months watery diarrhoea started which 
persisted until death at 17 months. This was 
attributed to a persistent rotavirus noted ultra- 
structurally in the gut epithelium and in repeated 
stool specimens (J D Mitchell, L Sosula, M Cloonan, 
and J B Ziegler, in preparation). In view of failure of 
erythrocyte infusions and lack of a bone marrow 
donor, attempts were made to produce immuno- 
logical reconstitution using fetal liver cells at ages 
12, 13, and 16 months but these were unsuccessful. 
There was progressive deterioration in the state of 
respiration after a parainfluenza virus had been 
isolated from the sputum at age 14 months; the 
patient died aged 17 months in a country hospital. 

At necropsy, parainfluenza virus was cultured 
from lungs which were grossly consolidated. 
Lymphoid tissue was essentially undetected. A small 
amount of thymus tissue was found and showed 
absence of Hassall’s corpuscles, scanty lymphocytes, 
and absent cortico-medullary differentiation. Small 
epithelial rosettes were evident. Blood vessels were 
not prominent. 
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Lymphocyte count 
(x10 2/1) 


RBC ADA 

( nmol/h per mg Hb) 
Ww 
oO 


*"ls O Red cells 
un 
e 


3 
Age ( months ) 


6 9 12 


Results 


Immunological studies. Immunological data on 
presentation at age 3 months are given in Table 2. 
To evaluate the effect of exogenous ADA on the 
phytohaemagglutinin response in vitro, an experi- 
ment was performed during the erythrocyte infusion 
programme immediately before an infusion when 
circulating exogenous ADA levels were at a mini- 
mum. The addition of 2 IU/ml calf ADA had no 
effect on the depressed phytohaemagglutinin response 
of the patient (data not shown). 


Effect of erythrocyte infusions. The timing of red cell 
infusions, their effect on red cell ADA levels (to- 
gether with the establishment of red blood cell 





(a) 











Death 


l 


Fig. 3 Flow chart showing time of 
erythrocyte and plasma infusions (R) and 
fetal liver transplants (FL). Panels show 
absolute lymphocyte counts, erythrocyte 
adenosine deaminase (ADA) levels, and 
percentage of O red cells in the patient. 





(b) 


Fig. 4 X-rays (a) chest at age 9 months, (b) lower 
limbs at 16 months. Note improvement in rib and 
long bone deformities. 
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Table2 Serial immunological studies in an 
ADA-negative child undergoing erythrocyte infusion 
programme 


Age (months) 





3 7 9 11 13 16 





IgG (mg/100 ml) 340 160 540 340 250 <100 
IgA (mg/100 ml) Ls 7 <5 25 20 < 
IgM (mg/100 ml) <5 45 29 28 11 <5 
Lymphocyte count 

(x 109/1) 0.44 0.21 0:1 0-1 01 0-3 
°% E-rosettes 2 0 — 2 — —- 
°% EAC-rosettes 15 3QOl — 6 — — 
°% SmIg positive — 18 — 60 12 
Phytohaemagglutinin 

(stimulation index) 1-3 57 50 — 0.7 — 
Concanavalin A 

(stimulation index) 1:0 — — — — — 
Pokeweed mitogen 

(stimulation index) 10 — — — — — 


cement E E €—À]'"— av 
— sheep red blood cells, EAC — E with antibody and complement, 
Smlg — surface membrane immunoglobulin. 


chimerism), and serial lymphocyte counts are shown 
in Fig. 3. The half-life of transfused erythrocytes 
was about 30-45 days and there was good cor- 
relation between percentages of group O transfused 
cells and ADA levels. Erythrocyte ADA levels in 
excess of 30 nmol/h per mg haemoglobin (normal 
range 53-120) were regularly achieved by the trans- 
fusions, these levels being similar to those found in 
asymptomatic heterozygotes.!? Serial immunological 
evaluation is shown in Table 2. Immunological 
reconstitution was not obtained although there was 
a significant increase in IgM levels and the phyto- 
haemagglutinin stimulation index (usually greater 
than 100 in control subjects) rose to 5:7. Lympho- 
penia persisted although a transient increase in 
lymphocyte count followed the first 3 erythrocyte 
infusions. Cells bearing surface immunoglobulin and 
complement receptors comprised the majority of 
circulating lymphocytes but remained reduced in 
absolute numbers. Marked T-cell lymphopenia 
persisted. No antibody response to tetanus toxoid 
was detected after 3 injections of triple antigen. 


Plasma adenosine. Plasma adenosine was detected 
in elution fraction at about 600 seconds using the 
HPLC system described above. It was quantitated at 
4 umol/l in the original plasma and at 3 and | 
umol/l five weeks after the second and third erythro- 
cyte transfusions respectively. The compound 2 
deoxyadenosine was not detected in plasma. 


Erythrocyte adenine nucleotides. Erythrocyte ATP, 
determined enzymatically (Sigma kit) before the first 
transfusion, was 7:0 umol/g haemoglobin (normal 
range 3:6 to 4:5). Erythrocyte ATP was also deter- 
mined 5 weeks after the second and third erythrocyte 
transfusions and was found to be 5:4 umol/g 
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Fig. 5 High pressure liquid chromatography profile of 
extracts of patient’s red cells before first erythrocyte 
infusion exhibiting the greatly increased levels of 
2dADP and 2dATP not observed in A DA-positive 
erythrocytes. 


haemoglobin on both occasions. The parents had 
normal erythrocyte ATP levels (father, 3:6 umol/g 
haemoglobin; mother, 4:1 wmol/g haemoglobin). 
Analysis of nucleotide profiles by HPLC in 
erythrocytes obtained before treatment showed the 
presence of 2dATP in high concentration, as well as 
2dADP (Fig. 5). The compound 2dATP is not a 
constituent of normal erythrocytes. On quantitation, 
the ATP level was 3:4 umol/g haemoglobin and the 
2dATP level 4:5 umol/g haemoglobin. It would 
therefore appear that the enzymatic determination 
does not differentiate between ATP and 2d ATP. 


Discussion 


The finding? that the immunodeficiency in ADA- 
deficient individuals may be amenable to treatment 
with exogenous enzyme has its basis in the suggestion 
that the immune disturbance is secondary to the 
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accumulation of either adenosine or deoxyadenosine 
and the attending metabolic consequences, such as 
increased intracellular 2dATP levels, as noted in this 
patient and previously reported.® 16 

Although this form of treatment was successful in 
another patient with ADA-negative SCID! our 
findings and those reported by others*!? are less 
encouraging. Clearly heterogeneity of clinical 
response exists, and the present findings together 
with those reported by others have shown that the 
extent of residual ADA activity in peripheral blood 
mononuclear cells and the effect of ADA on the 
mitogenic responsiveness of ADA-negative lympho- 
cytes may reasonably predict the clinical outcome 
of enzyme replacement in a patient with ADA- 
negative SCID. The peripheral blood mono- 
nuclear ADA activity in the 2 patients who exhibited 
beneficial response to replacement therapy is 
reputedly 6 and 8% that of normal? !? whereas that 
noted in our patient, or others refractory to this 
treatment, has been undetectable—<1] and <4% 
respectively. Likewise the lack of an appreciable 
effect of exogenous ADA on the markedly reduced 
mitogenic responsiveness of ADA-negative lympho- 
cytes as noted in our patient had been the experience 
of others* and clearly contrasts with the residual 
mitogenic responsiveness!? and its augmentation by 
exogenous ADA of lymphocytes? of those patients 
responsive to enzyme replacement therapy. 

These findings indicate that the severity of the 
metabolic defect appears to be singly the most 
important determinant of the clinical course, a 
suggestion attested to by theearly onset of symptoms, 
the extent of bony and thymic abnormalities, and 
failure of exogenous ADA replacement therapy 
noted in our patient. 


We thank Dr D Carseldine for referring the patient. 
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Antimicrobial activity of colostrum after 
administering killed Escherichia coli O111 vaccine 


orally to expectant mothers 


S DLUHOLUCKY, P SIRÁGY, P DOLEŽEL, J SVAG, AND A BOLGÁC 


Department of Microbiology and Hygiene, Department of Obstetrics and Gynaecology, and 
Department of Paediatrics, Regional Hospital, Banská Bystrica, Czechoslovakia 


SUMMARY An attempt was made to see if it was possible to produce antimicrobial activity in 
colostrum after killed Escherichia coli O111 vaccine had been given orally to expectant mothers. 
The colostral samples were used in vitro for the inhibition test immediately after the start of ~ 


lactation. The colostrum from 7 of the 47 vaccine-treated mothers inhibited the growth of E.coli 


O11{1 compared with only one colostrum from 101 controls. No complication has occurred either 


in the vaccine-treated mothers or their suckling babies. The association between the presence of 


antimicrobial activity in the colostrum and the time of vaccine application was insignificant. 


The protective role of breast milk against infections 
of newborn infants is wel. accepted.!^? The mammary 
gland is a potent immunological organ and produces 
active macrophages, lymphocytes,* * and secretory 
immunoglobulin A (SIgA). This is resistant to acid 
degradation and to the action of proteolytic enzymes? 
which make up almost half the protein content of 
the early colostrum.? It is striking that human milk 
contains SIgA antibodies to many bacterial and 
viral antigens’; these an-ibodies are directed mainly 
against the mother’s own gastrointestinal flora. It 
seems possible that lymphoid cells from the Peyer's 
patches, triggered antigenically, might home to 
mammary glands producing specific SIgA-anti- 
bodies."-? In this way the mother produces in her 
milk specific SIgA antibodies against the bacteria in 
her intestine? and her breast-fed baby who may be 
exposed to these bacteria is protected against them. 
This phenomenon 'homing' is an important pro- 
tection for suckling infants against both enteric and 
systemic infections, and it would seem desirable to 
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develop a vaccine for women to give improved 
protection to their breast-fed babies.” 

Lodinová et al.? showed that artificial cofonisation 
of the infant induces the specific antibody response 
in both serum and stool (coproantibodies). Using 
Escherichia coli O83, Goldblum et al.® found that 
within a few days after intestinal colonisation with 
E. coli O83, three pregnant women had lymphoid 
cells producing SIgA antibodies to the O83 antigen 
in their milk. 

Our study was undertaken in an attempt to pro- 
duce a colostral antibacterial response after killed 
E. coli O1ll vaccine had been given orally to the 
expectant mother. 


Materials and methods 


The study was made between 1 January and 30 
November 1978 and comprised 148 expectant 
mothers. 47 of them had been vaccinated, and 101 
served as controls, the women being selected ran- 
domly. The expectant mothers were those admitted 
at term. Some of them were in labour and others 
were awaiting its onset. Thus some mothers received 
vaccine for only 1 day and others for up to 15 days 
before they started to lactate and to produce 
colostrum. In both vaccinated and control groups 
the stool samples for isolation of enteropathogenic 
E. coli were obtained immediately after admission 
to hospital. Stool-positive mothers were excluded 
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from the study. Women in the treated group were 
given E. coli O111 vaccine 1 ml three times daily 
before meals by mouth from the time of their 
admission to the time that lactation began. After 
the start of lactation the colostrum was sampled by 
manual expression and taken immediately to the 
department of microbiology. Colostrum samples 
were similarly obtained from the untreated group. 
No mother from either group received any anti- 
biotic or drug that was likely to have antimicrobial 
activity. 


Preparation of vaccine. Three different strains of E. 
coli O111 were used: two had been isolated from 
hospital patients and one came from a microbio- 
logical collection of strains. After 24 hours of 
incubation the strains were washed off with saline 
and diluted after McFarland!? to give a suspension 
density of approximately 10? bacteria per ml. 
Inactivation was carried out in an Arnold apparatus 
at 1159C for 120 minutes. Tests of sterility and 
toxicity performed in vitro and on mice and guinea- 
pigs were negative. The safety of the vaccine was 
tested by volunteers from the paediatric staff, who 
developed no symptoms within 2 days of taking the 
vaccine. 

The inhibitory activity of colostrum was investi- 
gated by an agar-diffusion test against homologous 
E. coli O111 strains. Holes 6 mm in diameter in the 
agar plate were filled with 0-1 ml colostrum, and 
the inhibition zone of bacterial growth was evalu- 
ated after 24 hours of incubation. Inhibition ex- 
tending more than 6 mm (the diameter of hole) was 
accepted as being positive (Figure). 

Most of the vaccine-treated mothers tolerated the 
vaccine well. The only two exceptions vomited after 
ingestion and were excluded from the study. 





Figure Inhibition of Escherichia coli O111 growth on 
agar by colostrum of vaccine-treated mothers compared 
with control colostrum. 


Table 1 Antibacterial activity of colostrum after 
Escherichia coli O111 vaccination 





Group Positive 
No. (223 P 
Vaccine-treated 
(n — 47) 7 15 
Control «0-001 


(n — 101) 1 1 


Table 2 Antimicrobial activity of vaccine-treated group 
in relation to the time of vaccine application before 
onset of lactation 


No. of days No. of Inhibitory actlyity 
Yüccie given cases 
(n = 47) Positive (n = 7) Negative (n — 40) 
No. (*2 No. C 
1- 6 16 I (6) 15 (94) 
7-12 24 6 (25) 18 (75) 
13-15 7 0 7 (100) 


We tried to find out if the colostrum of treated 
mothers had more antimicrobial activity in vitro than 
that of the controls. We also tried to find out how 
long the vaccine should be given to obtain the best 
effect. 


Results 


The antimicrobial activity of colostrum after vac- 
cination is shown in Table 1. Colostrum was ob- 
tained from 47 vaccine-treated mothers, 7 of whom 
had antimicrobial activity in their colostrum. In the 
101 controls only one sample was positive. The 
difference is highly significant (P 0-001). 

In the group of treated mothers we attempted to 
relate the number of ‘positive reacting’ mothers to 
the time of vaccination before lactation. At first 
sight (Table 2) the percentage of ‘positive mothers’ 
appears to depend on the time of vaccination al- 
though statistical significance is not attained (y? test 
and one factor analysis of variance), probably due to 
the small numbers. 


Discussion 


Previous studies have shown that a transient 
intestinal colonisation of women during pregnancy 
with E. coli? and Salmonella typhimurium will 
selectively induce a specific IgA response in colo- 
strum. Although oral immunisation could clearly be 
of value for the enhancement of the passive immune 
protection transferred to the suckling neonate via 
mammary secretions, there are obvious problems 
associated with the use of live oral vaccines. 
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The results of the present study however, indicate 
that oral application of a heat-killed E. coll vaccine 
can also induce antibacterial activity in colostrum. 
Since we have not investigated the specificity of this 
activity we cannot rule out the possibility that it is 
mediated by one or more of the nonspecific anti- 
microbial components contained in mammary 
secretions.!? We hope that further studies will help 
to determine the mechanism of the antibacterial 
activity and show what influence the antigen dose 
has on the development of the local response. 
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Growth in height compared with advancement in 
skeletal maturity in patients treated with human 


growth hormone 


R D G MILNER, M A PREECE, AND J M TANNER 
Department of Paediatrics, University of Sheffield, and Department of Growth and Development, 


Institute of Child Health, London 


SUMMARY Height growth and skeletal maturation were compared in 201 patients treated for 
between 1 and 15 years with growth hormone (GH) supplied by the Medical Research Council. 
107 patients had isolated GH-deficiency, 30 had panhypopituitarism, and 64 craniopharyngiomata. 
The mean rate of skeletal maturation did not differ between the first year and the total period of 
treatment, averaging | ‘year’/year in the patients with isolated GH-deficiency or panhypopituitar- 
ism, and 0-6 ‘years’/year in those with craniopharyngioma. No association was observed between 
the rate of skeletal maturation and the bone age or the bone age deficit (chronological minus bone 
age) at the start of treatment. Mean height standard deviation score for bone age was negative in all 
three diagnostic groups at the start of treatment, but became less negative as treatment progressed in 
patients with isolated GH-deficiency or craniopharyngioma. In patients with panhypopituitarism 
there was no significant change in height standard deviation score for bone age as a result of treat- 
ment. The findings do not support the suggestion that treatment with GH(UK) causes ultimate 
stunting due to greater osseous maturation than growth in height. 


The therapeutic response to treatment with human 
growth hormone (GH(UK)) provided first by the 
Medical Research Council and now by the Depart- 
ment of Health and Social Security has been 
reported in some detail.!-? The impression that this 
therapeutic regimen is generally satisfactory was 
recently challenged? and it was alleged that treat- 
ment with GH(UK) causes disproportionate osseous 
maturation for height gain, with ultimate stunting. 
It 1s suggested that these effects are due to con- 
taminating pituitary peptides, in particular gonado- 
tropins, which are responsible for supposedly 
premature stimulation of gonadal function. Earlier 
accounts of treatment with GH(UK)? and other 
therapeutic GH  preparationst did not report 
inappropriate skeletal maturation as a result of 
treatment, but in view of the serious implications of 
this recent communication we have studied in detail 
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the records of 201 children treated with GH(UK), 
particularly their growth in height and advancement 
in skeletal maturity. 


Patients and methods 


The 201 patients comprised all those who have been 
treated for at least one year with GH(UK) since 
1959, for whom serial records of height growth and 
bone age were available. Many of them attended 
the growth clinic at The Hospital for Sick Children, 
London, and a few attended other growth centres in 
the UK. The patients were divided into three 
diagnostic groups: 107 had isolated GH-deficiency, 
30 (referred to as panhypopituitary) had a deficiency 
of more than one anterior pituitary hormone, and 
64 suffered from a craniopharyngioma. The treat- 
ment regimens varied within and between patients 
and included all the protocols described in the 
report of the MRC Working Party.! In the patients 
with panhypopituitarism 18 received thyroxine, 11 
glucocorticoids, 3 vasopressin, and 1 testosterone 
in addition to GH. Among the patients with cranio- 
pharyngioma 56 received thyroxine, 44 gluco- 
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corticoids, 30  vasopressin, 15 testosterone, 7 
oestrogens or progesterone (or both), 4 gonado- 
trophins, and 11 anticonvulsants. In the analyses of 
growth no distinction was made between the sexes 
or between those receiving GH(UK) alone or in 
combination with othzr hormones. 

Stature was measured as described previously? 
and osseous maturation was estimated as the TW2 
radius, ulnar, and short bone ege.® Bone age velocity 
(bone age *years'/chronologiczl year) was calculated 
over the first year of treatment and also for the total 
period of treatment. In some patients GH treatment 
was not continuous, and in these bone age velocity 
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was calculated using the number of years of GH 
treatment and not the total time as the denominator. 
For example, if a bone age advanced 4 ‘years’ in 6 
chronological years during which GH(UK) treat- 
ment had been given for 5 years, a result of 0-8 would 
be recorded for 5 years of treatment. 

Whenever bone age was estimated, the height 
standard deviation (SD) score? was recorded both 
for chronological age and bone age. The height SD 
score for bone age and change in height SD score 
for bone age was analysed in each group of patients 
by the number of years that continuous treatment 
with GH had been given. 
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Fig. 1 Bone age plotted cgainst chronological age before and after GH treatment in patients with (a) isolated GH 
deficiency, (b) panhypopitutarism, and (c) craniopharyngioma. 


Table 1 Mean (+ SEM) bone age velocity (years! |year) of patients with isolated GH deficiency, panhypopituitarism, 
or craniopharyngloma rela:ed to the duration of treatment with GH 


Duration of treatment Isolated GH deficiency Panhypopituitarum Cranlophar yngioma 

with GH (years) 

1 0-79 + 0-16 (n = 14) 0-61 +0 28(n = 2) 0 35 4+ 0:12 (n = 12) 
2 0.95 + 0-16(n = II) 1-19 321 02(n = 2) 0-65 +0-17(n = I1) 
3 0.94 +0 396(n = I1) 1-15 (n — 1) 0 52 + 0-19 (n = 10) 
4 I 09 + 0-27 (n = 26) 0-83 + 0-22 (n = 5) 0-60 + 0-09 (n = 13) 
5 1-00 + 0 08(n = 13) 1-13 +0 13(n = 5) 0-65 + 0-09 (n = 6) 
6 1-10 + 0 06 (n = 16) 0-81 + 0 86 (n = 3) 0-70 + 0.07 (n = 5) 
7 0-89 + 0.15 (n = 6) I:11 +0 23 (n — 4) 0-70 (n = 1) 
8 0-84 + 0-09 (n = 3) 0 97 + 0.16(n— 5) 0-72 + 0-20 (n = 3) 
9 1-12 (n — 1) 1-16 + 0-49 (n = 2) — 

>10 1-00 + 0-07 (n = 6) 0-66 (n = 1) — 

Total D-99 + 0-09 (n = 107) 0-97 + 0-07 (n = 30) 0-57 + 0-05 (n = 61) 





hes 


Results 


Bone age. The bone age of the patients in each 
diagnostic group is shown plotted against chrono- 
logical age at the beginning (Fig. 1, upper panels) 
and end of treatment (Fig. 1, lower panels). The 
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Fig. 2 Bone age velocity in the first year of treatment 
plotted against bone age at the start of treatment in 
patients with (a) isolated GH deficiency, (b) panhypo- 
pituitarism, or (c) craniopharyngioma. 
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failure of individual patients to fall above the line of 
identity for bone and chronological age at the end 
of treatment is evidence that inappropriate bone age 
maturation did not occur as a result of treatment 
with GH. 

The rate of bone age advance was analysed 
according to the number of years of treatment to 
see tf there was any trend in bone age velocity due to 
the duration of therapy (Table 1). Bone age velocity 
was not related to the length of treatment in any 
diagnostic group. The overall mean velocity of 
patients with isolated GH deficiency or panhypo- 
pituitarism was similar—0:99 and 0-97 ‘years’/ 
year—each of which was significantly greater than 
the mean velocity in craniopharyngioma—0-57 
‘years’ /year. 

Fig. 2 shows bone age velocity during the first 
year of treatment plotted against bone age at the 
beginning of treatment in the three diagnostic 
groups. There is no association except that in the 
craniopharyngioma groups there was a tendency 
towards low velocity in those patients with bone 
ages of 10 or more at the start of treatment. The 
mean overall bone age velocity in each diagnostic 
group during the first year of treatment (Table 2) 
was similar to the mean velocity calculated over the 
total period of treatment with GH, being 1:11 and 
1:00 ‘years’/year for the isolated GH and pan- 
hypopituitary groups, and 0-56 ‘years’/year in 
craniopharyngioma. 

Bone age velocity in the first year of treatment of 


34 Isolated GH deficiency 


Bone age velocity ('years' / year ) 





Chronological age - bone age (years) 
Fig. 3 Bone age velocity in the first year of treatment 
plotted against the difference between chronological 
age and bone age at the start of treatment in patients 
with isolated GH deficiency. 
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Table 2 Mean (+ SEM) bone age velocity of patients with GH deficiency, panhypopituitarism, or craniopharyngioma 


in the first year of treatment 








Bone age at Isolated GH defictency Panhypopitutarism Craniopharyngtoma 
start of treatment 

0 + 1 92 (n == 1) — — 

1+ 0-79 (n = 2) 2°00 (n = 1) 1-42 (n = 1) 
2+ 0-83 + 0-24 (n = 5) 0 74+ 0-30 (n = 4) — 

3+ 1-48 + 0-29 (n = 8) 1.00 (n = 3} — 

4+ 1-35 +0 18{n — 13) 2°28 (n = 2) 1.27 (n * 3) 
5+ 1-29 + 0-27 (n = 7) 1-58 (n = 2) 1-10 (n = 3) 
6+ 1-15 + 0-19 (n = 7) 0 7440 37 (n = 4) 1 01 4:0 44 (n = 4) 
7 4- 1-15 + 0:22 (n = 6) 1:15 (n = 3) 0.54 (n =m 2) 
8+ 1-32 + 0:24 (n = 11) 2 01 (n = 2) 1-02 +0 24 (n = 4) 
9+ 0.71 + 0 22(n = 8) 0-69 (n = 2) 0-46 4+ 0-11 (n » 12) 
10 + 0.82 4- 0-22 (n = 3) 1-35 (n = 1) 1-67 40 09 (n = 8) 
11+ 0-80 + 0-36 (n = 4) 0 00 (n o 2) 0-68 + 0.27 (n = 5) 
12+ 1-18 + 0:24 (n = 13) 0-20 (n om 2) 0-48 + 0-25 (n » 10) 
13 4- 0-64 (n = 3) — 0-19 + 0-08 (n : 5) 
144 0-42 (n = 3) 0-28 (n » 2) 0.23 +0 14 (n =» 5) 
154 0 44 (n = 1) = = 

Total 1-11 4 0 07 (n = 10D 1-004 0:16 (n = 30) 0 56 -- 0 08 (n = 62) 





Table 3 Cumulative mean (+ SEM) height standard score for bone age in patients with isolated GH deficiency, 
panhypopituitarism, or craniopharyngioma related to duration of treatment 








Contmuous treatment Isolated GH deficiency Panhypopituitarism Cramopharyngloma 
with GH (years) 
0 — 1-77 z: 0 16(n = 104) — 1.75 + 0-46 (n = 28) 1 28 +0 15(n = 64) 
1 — 1-47 — 0:16 (n = 104) — 1:31 +0 45(n = 28) — 0-82 + 0-16 (n = 64) 
2 — 1 29 4 0.20 (n = 65) — 1-94 4 0-41 (n = 18) — 0 16 + 0-21 (n = 32) 
3 — 1:34 —0:.17(n = 54) — 1:81 + 0:42(n = 17) — 0-15 + 0-27 (n — 23) 
4 — 1:39 +0 19 (n = 47) — 1-40 +0 36 (n = 16) — 0-28 + 0-32 (n = 14) 
5 — 1-40 + 0-19 (n = 24) — [:34 + 0:44 (n = 12) — 0-34 + 0:40 (n = 7) 
6 — 1-22 + 0-28 (n = 15) — 1-89 + 0 38 (n = 8) — 0-03 (n = 3) 
7 — 1:12 +4 0:36 (n = 5) — 1:94 + 0-58 (n = 5) — 0.5 (n == 1) 
Table 4 Final height of 59 patients treated with GH(UK) 
Isolated GH deficiency Panhypopituitarism Craniopharyngioma 

Above Ist centile 

Boys 16 (n = 19) 7 (n = 9) 12(n — 13) 

Girls sme 5(n = 5) 6 (n = 6) 

All 21 (n = 26) 12 (n = I4) 18 (n = 19) 
Within target 

Boys 5(n = 19) 5(n = 9) 5 (n = 13) 

Girls 5 (n = 7) 3 (n = 5) 3 (n = 6) 

Al 10 (n = 26) 8í(n = 14) 8 (n = 19) 





patients with isolated GH-deficiency was analysed 
to see if there was an association with degree of 
retardation of osseous development——that is chrono- 
logical age minus bone age (Fig. 3). There is no 
significant relation between these variaoles (n — 103, 
r = 0:22, P>0-05). 


height SD score for bone age in the three diagnostic 
groups is shown in relation to the number of years 
of continuous treatment with GH (Table 3). In the 
largest group, isolated GH deficiency, the score 
became progressively less negative as the duration 
of treatment increased, indicating that the children 
gained more in height than in osseous maturation as 
a result of GH therapy. 
pharyngioma showed a pronounced ‘catch up’ in 
height for bone age in the first 5 years of treatment. 
Inthe smallest group, those with panhypopituitarism, 


Height. Height gained while on treatment with GH 
was analysed with reference to bone aze so that the 
hypothesis that GH causes disproportionate osseous 
maturation for height gain could be tested. The mean 
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Fig. 4 Mean (+ SEM) change in height standard 
deviation score for bone age in patients with isolated 
growth hormone deficiency, panhypopituita ism, and 
craniopharyngioma plotted against the number of 
years of continuous treatment with GH. 


there was no trend in height SD score and the 
patients gained height appropriately for their bone 
age throughout the 7 years of treatment. The change 
in height SD scorefor bone age in the three diagnostic 
groups is shown (Fig. 4). In Fig. 5 the individual 
plots of 15 patients with isolated GH deficiency 
treated for 6 years are presented to illustrate the 
considerable variation that may be observed 
between patients. 

Growth had ceased in 59 of the patients. In 51 
cases the final height was above the Ist centile. 
Approximately half the patients achieved a height 
within the target defined by their parents' height? 
(Table 4). 


Discussion 
n this study there was no patient selection; the 


ubjects are all those in the UK for whom suitable 
ecords of height and bone age were available. The 
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Fig.5 Height standaıd deviation score for bone age in 15 
patients with isolated GH deficiency who received 

GH treatment for 6 yeais plotted individually against 
duration of treatment. 


patients were divided into three groups because the 
majority of those with panhypopituitarism or cranio- 
pharyngioma received treatment with other hor- 
mones in addition to GH. Although both groups 
had multiple hormonal therapy, it seemed appro- 
priate to consider them separately; patients with 
panhypopituitarism were thought to have had a 
life-long deficiency of pituitary hormones whereas 
those with craniopharyngioma were thought to have 
grown normally until the development of the 
neoplastic condition. 

All measurements of bone age were made by the 
same method and most of them (2905) by one 
person. This, coupled with the large numbers 
studied, made it possible to examine patterns of 
skeletal maturation with confidence. The bone age 
velocity calculated over the total period of treatment 
varied between O0 and 3 ‘years’/year, but the 
distribution between patients within a treatment 
group was skewed positively. The average bone age 
velocity of a group was similar when calculated at 
the end of the first year or throughout treatment, 
No explanation can be offered for the difference in 
mean bone age velocity observed between isolated 
GH-deficiency and panhypopituitarism on the one 
hand, and craniopharyngioma on the other. The 
mean bone age velocity of the first two groups 
demonstrates that treatment with GH(UK) alone, 
or in combination with other hormones when 
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required, results in a normal rate of osseous develop- 
ment. Two factors may contribute to the significantly 
lower bone age velocity of patients with cranio- 
pharyngioma. Firstly, &lmost all of them had been 
unwell at some stage, often sericusly; secondly many 
were taking corticosteraids. Either factor would tend 
to delay bone age substantially. 

Growth in height in relation to skeletal develop- 
ment can be analysed by the calculation of height 
SD score for bone age. The demonstration that 
height SD score for bone age improved as treatment 
with GH continued in the patients with isolated GH 
deficiency, clearly refutes the idea that GH(UK) 
causes inappropriate osseous maturation for height 
gained. The figure showing the response of in- 
dividual patients treated for 6 years demonstrates 
the danger of drawing conclusions from a small 
sample. In 2 patients there was a fall, in 3 no change, 
and in 10 a rise in height SD score for bone age. The 
results in craniopharyngioma were similar to those 
in isolated GH deficiency but the numbers were 
fewer. In panhypopituitarism no significant change 
in height SD score was observed, indicating parallel 
and appropriate response to treatment in both 
height and skeletal maturation. 


We thank Miss S E Ibbctson for assistance with the 
analyses. Most of the height measurements and bone 
age assessments were made by Mr R H Whitehouse 
and Dr N Cameron, and Dr B Carter developed the 
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computer programs which enabled efficient retrieval 
of the source data. 
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One year's study of growth and total hydroxyproline 
excretion in scoliotic children 


S CLARK, A HARRISON, AND P A ZORAB 


Paediatric Department, Cardiothoracic Institute, London 


SUMMARY 21 children with scoliosis were studied for a year during which time 24-hour urinary 
total hydroxyproline levels were estimated and anthropometric measurements were made on 4 
occasions. The total hydroxyproline levels (using hydroxyproline centiles) and the uncorrected 
heights of the children were all normal. The sitting heights of the children were below average, but, 
although the sample was small, the findings indicate that the children’s ‘uncoiled’ height would be 


greater than average. 


In scoliosis, progressive changes in the vertebral 
column may occur with growth. Its onset is generally 
noticed in infancy or adolescence. ? Measurable 
deterioration can occur during times of rapid in- 
crease in height. Because of the curvature of the 
spine in scoliotic children, the predicted normal 
height for age and stage of development is difficult 
to estimate. Significant differences in standing height 
between normal and scoliotic children were found by 
Willner,??- and Burwell et al Burwell and co- 
workers found disproportion in upper limb length 
which was related to the convexity of the curvature. 

There is a close relationship between rate of 
growth and total hydroxyproline (THP) excretion. 
Fast growth rates are associated with high levels of 
urinary THP due to increased collagen turnover.9^? 
Slow growth rates are associated with low THP 
levels. We studied THP excretion and anthropo- 
metric measurements of growth in a group of 
scoliotic children for a year. The purpose of the 
study was to compare the findings for these children 
with those for normal childreni? to see if there was 
any difference in THP levels and body size between 
the two groups. 


Material 


21 children attending a scoliotic clinic as outpatients 
were studied. None of these children had had spinal 
surgery. 14 were girls with an age of 8:2-16-5 (mean 
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age 12-6) years at their first attendance, Three of 
the boys were between 15 and 17 years, and 4 were 
between 8:75 and 10-5 years at the start of the 
study. 

18 children were diagnosed as having idiopathic 
scoliosis: 6 girls and 3 boys had adolescent idio- 
pathic scoliosis (AIS), 5 girls and 2 boys had 
juvenile idiopathic scoliosis (JIS), and 1 girl and 1 
boy had infantile idiopathic scoliosis (IIS). Two 
girls had congenital scoliosis (hemivertebra present), 
and 1 boy had neurogenic scoliosis.” 

The degree of spinal curvature ranged from 17 to 
70° (mean 479). The children with AIS had curva- 
tures between 40 and 70° (mean 54°). The angulation 
was in the range 20 to 60° (mean 39°) in children 
with JIS. The angulation was 43 and 54° in the 2 
children with IIS. 11 of the children each wore a 
Milwaukee brace, but the other 10 were not under- 
going any form of treatment. The selection of patients 
was random within the above criteria. 


Methods 


Each child gave a 24-hour urine specimen every 3 
months. These specimens were collected directly into 
wide-necked polyethylene containers, under parental 
supervision, and were always made on the day before 
visiting the outpatient clinic. The method of col- 
lection has been described in detail elsewhere.!? !? 
The children were on collagen-free diets. Each 
family was visited before the study began and given 
instructions for the urine collections; any problem 
concerning the diet, transport of specimens, etc., 
was discussed. Our previous experience in this field 
had shown the need for parental understanding and 
co-operation. 
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The urine specimens were tested for THP levels 
and creatinine. Three specimens known to be in- 
complete were excluded from the study. The methods 
and criteria are described in an earlier paper.!? 
Anthropometric  mezsurements (including un- 
corrected height) were made for each child, by the 
same person, at the outpatient clinic. Measurements 
were made on the left side of the bodv so that they 
could be compared with data for normal children.!3 
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Fig. 1 Scoliotic gls: 24-hour urinary hydroxyproluie 
levels, on 4 occasions, plotted on centile charts for 
24-hour urinary THP for normal girls 19 


Table 1 Details of the 14 scoliotic girls 


Results 


Fig. 1 shows THP levels for the scoliotic girls, . 
plotted on normal centiles for THP.!? The different 
types of scoliosis are shown. The figures show the 
THP levels for each occasion that the tests were 
made. Results are not shown for 5 children who 
were outside the age range for the THP centiles. 
Fig. 2 shows the standing heights, and Fig. 3 the 
sitting heights, of the same children; these measure- 
ments were taken at the same time as the urine 
samples were collected. The standing and sitting 
heights are plotted on centile charts for normal 
children. Tables 1 and 2 show the angulation of 
the curvature, THP levels, and the position of each 
child on the standing and sitting height centiles. 
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Fig. 2 Scoltotic girls: standing height measured on 


4 occasions, plotted on centile charts for normal gi 15.13 





Case Age Diagnosis Angulation of Centiles Total hydroxyproline (mg/24 h) 
(years) spine at first visit 
Standing height Sitting height ist 2nd 3rd 4th 
1 15 AIS 489 *rd--1Oth IOth 16 14 16 20 
2 14 AIS 46° 25th 10th T3 58 50 52 
3 17 AIS 529 50-75th 25—50th 53 SI 34 36 
4 14 AIS 58° 10th 3rd 37 40 28 37 
5 12 AIS 660 25th 25th 105 85 116 128 
6 14 AIS 700 50th 3rd 102 93 59 — 
7 12 JIS 189 10th 3rd—-10th 87 82 87 96 
8 12 JIS 329 25th 10th 71 — 97 108 
9 9 JIS 44° 3rd <3rd 42 48 34 65 
10 14 JIS 479 50th 25-30th 42 30 30 — 
11 13 JIS 609 10th 3rd 60 53 66 51 
12 8 IIS 560 25-50th 3rd-10th 46 50 57 60 zur 
13 10 Cong 259 75th 25-50th 72 61 72 16 
14 12 Cong 30° 75th 25-50th 119 94 79 119 





AIS = adolescent idiopathic scoliosis, JIS = juvenile idiopathic scoliosis, IIS — infantile idiopathic scoliosis, Cong » congenital scolio s315 
Conversion. traditional to SI untt2—THP: 1'mg/24 h œ 0-00763 mmol/24 h, 
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Table 2 Details of the 7 scoliotic boys 





Case Age Diagnosis Centiles 


(years) 


Angulation of 
spure at first visit 
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Fig. 3 Scoliotic girls: sitting height measured on 
4 occasions, plotted on centile charts for normal girls 1$ 


Discussion 


THP levels were all within the normal range (Fig. 1. 
Tables 1 and 2). We were not able to find any 
difference in THP levels or body size between the 
different types of scoliosis (AIS, JIS, IIS, con- 
genital), nor was there any difference in the degree 
of curvature in this small sample. In other studies 
THP levels have been found to be raised in scoli- 
osis,1*- but we did not find this was so. The reason 
for this might have been that the children were not 
undergoing any treatment except that a few were 
wearing Milwaukee braces. Spinal fusion, plaster- 
of-Paris jackets, and spinal traction have been 
reported to increase the level of urinary THP 
excretion. In this study, we compared the THP 
results with THP centiles (constructed from longi- 
tudinal data obtained for normal children), and 
not with THP means for age from cross-sectional 
data, as in a previous study.!* Our results indicate 
that THP levels may be raised when a Milwaukee 


Total hydroxyproline (mgj[245) 


Standing height Sitting height Ist 2nd 3rd 4th 


brace is worn, and that such levels decrease when the 
brace is removed. This cannot be substantiated in 
such a small group as other growth factors may be 
influencing the results. 

The standing and sitting heights were within the 
normal range (Figs 2 and 3', but sitting heights for 
12 of the girls (Fig. 3) were below the 50th centile. 
This reflects the shortening of the trunk due to 
spinal curvature. In 11 of these girls, regardless of 
the severity of the scoliosis, the sitting height was 
one centile below that of the standing height, In only 
one child was the sitting height on a higher centile 
than the standing height. These children were not 
short ; their uncorrected standing height was normal 
but their sitting height reduced. Therefore, if their 
sitting height were corrected for the height loss due 
to the spinal curvature, their standing height would 
be greater than average. These findings are similar 
to those of others.? 5 1 

A correlation of r — 0-65 was found between 
THP and height velocity in the scoliotic girls. This 
correlation was higher in the normal children.!? It is 
possible that had an accurate method for estimating 
the 'true' height of a child with scoliosis been 
available and the numbers in this study been larger, 
the correlation between THP and height velocity 
might have been improved. 

THP levels are related to growth in normal child- 
ren,’ 3? and they may therefore be a more accurate 
measurement of growth for scoliotic children than 
standing height and skeletal age. Skeletal age, if 
measured using the Tanner/Whitehouse Atlas,!? is 
retarded in children with IIS.5 Nordwall and 
Willner!5 found that in early adolescence, skeletal 
development was advanced in girls with idiopathic 
scoliosis, and in late adolescence this tendency was 
reversed. One THP estimation (or preferably two), 
plotted on the centiles, will show whether a child is 
growing fast, or whether his growth rate is slowing 
down (Fig. 1). This knowledge may be valuable to 
orthopaedic surgeons in estimating the stage of 
development of their scoliotic patients. 


We thank Mr C W Manning and his staff, Royal 
National Orthopaedic Hospital, for assistance, Mr 
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R H Whitehouse, Institute of Child Health, for 
making the physical measurements, and Mrs 
Cynthia Isserlis for secretarial help. 
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Homozygous deficiency of the second component of 
complement presenting with recurrent bacterial 


meningitis 


Y H THONG, DONALD A SIMPSON, AND HANS J MÜLLER-EBERHARD 


Department of Paediatrics, and Department of Neurosurgery, Adelaide Children’s Hospital, South 
Australia, and Department of Molecular Immunology, Scripps Clinic and Research Foundation, La Jolla, 


California, USA 


SUMMARY A girl presented with purulent meningitis at ages 6, 8, and 11 years. She was in good 
health between these three episodes. When aged 16 one of her brothers also experienced an attack 
of pneumococcal meningitis. Complement studies showed lack of C2 in the patient and the brother, 
and intermediate values in the mother and a sister. No other member of the family was available for 


study. 


The complement system consists of a number of 
serum proteins interacting in an orderly, sequential 
manner, somewhat analogous to the cascade 
mechanism of blood coagulation. It is one of the 
principal mediators of the inflammatory response. As 
such, its biological roles include host resistance to 
infection and pathogenesis of inflammatory diseases. 

Hereditary deficiency of the second component of 
complement (C2) is rarely encountered.? It is 
transmitted in autosomal codominant fashion. 
Although heterozygous individuals may remain 
asymptomatic, an increased susceptibility to 
collagen-vascular disorders has been reported. These 
patients are generally not predisposed to infective 
complications. In this report, we describe a patient 
with the unusual presentation of recurrent bacterial 
meningitis. 


Case report 


The patient is a white Australian girl, now 13 years 
old. She was born of a normal term delivery, and 
tolerated immunisations and childhood illnesses well. 
There was no undue susceptibility to infections and 
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no record of head injury. She had been well until 64 
years when she developed purulent meningitis. The 
cerebrospinal fluid (CSF) grew Haemophilus 
influenzae type b. Two years later she was again 
admitted with meningitis due to Streptococcus 
pneumoniae type 18. After this serious infection, she 
was left with intellectual impairment and a slight left 
hemiparesis. At age 114 years she suffered a third 
attack of purulent meningitis. Gram-positive cocci 
were found in the CSF but culture was unsucecssful. 
She responded rapidly to treatment with antibiotics. 

Examination showed an immature and active girl, 
weight 37:1 kg (25th centile), height 136-3 cm (10th 
centile). Skull tomography and CSF isotope transport 
studies did not show anything suggesting a cranio- 
nasal or cranioaural fistula. There was x-ray 
evidence of ethmoiditis. 

Her mother and father (unrelated), both aged 53, 
are well. Her three brothers (aged 32, 25, and 18 
years) and two sisters (aged 31 and 29 years) are well. 
They have shown no special predilection to infections, 
except that the youngest brother had one attack of 
pneumococcal meningitis when he was 16 years old. 
There was no history of collagen-vascular diseases in 
the family. 


Immunological evaluation 


Serum immunoglobulin (IgA, IgG, IgM) concentra- 
tions were measured by radial immunodiffusion, 
using commercial plates (Behringerke, W. Germany), 
serum IgE by radioimmunoassay (Pharmacia, 
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Sweden), total haemolytic complement activity 
(CH50) by the lysis of sheep red blood cells;? 
lymphocytes and neutrophils were puriüed from 
peripheral blood by a one-step gradient centrifuga- 
tion procedure, lymphocyte transformation by a 
microtechnique,® T-cells as the percentage bearing 
E-rosettes,e? B-cells by | immunoflorescence," 
neutrophil chemotaxis by the agarose technique,? 
neutrophil quantitative iodination by a microassay 
procedure,? bactericidal capacity by the killing of 
Staphylococcus aureus*® The complement com- 
ponents were measured by immunochemical 
methods; for this purpose the sera were packed in 
dry ice and sent by air to Scripps Clinic and Research 
Foundation, La Jolla, California. 


Results 


No abnormalities were detected in serum immuno- 
globulins, lymphocyte function, or neutrophil 
function (Table 1). There was however, a total 
absence of serum haemolytic complement activity. 


Table 1 Immunological evaluation of a patient with 
recurrent bacterial meningitis. 


Tests Results Normal range 
Neutrophil function 

quantitative lodination (pmol/107 

celis/h) 7 6 >3 0 

bactericidal capacity (% S. 

aureus killed 1n 2 hours) 88.39; 75-90 

chemotaxis (mm/2h) 1 23 1-20-1-35 
Serum mmmunoglobulins 

IgG (8/1) 6-51 5 59—1.49 

IgA (gil) 2-27 0-542 21 

IgM (g/l) 1 78 0-27-1-18 

IgE (U/ml) 570 64—392 
Serum complement 

CH50 (U/ml) Ü 95.165 
T-cells (* 60 50-70 
B-cells ($ l1 5-15 
*Lymphocyte transformation (counts/min) 

phytohaemagglutinin 98 059 210000 

pokeweed mitogen 79 475 > 5 000 

concanavalin A 21:230 > 10 000 





*Counts/min (2H-thymidine uptake in stimulated cultures; resting 
cultures showed uptake of 2662 counts/muin. 


1 
* 
N 
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Analysis of individual complement components 
shewed a lack of C2 in the patient’s serum. The 
18-year-old brother showed a lack of C2 in his 
serum; concentrations of C2 in the mother and 
eldest sister were intermediate (Table 2). Other family 
members could not be studied. 


Discussion 


Several families with C2 deficiency have been 
described. Although only four members of this 
family were studied, the findings were sufficient to 
indicate that the disease was inherited in autosomal 
codominant fashion, similar to previously reported 
C2-deficient kindreds. The predilection to col- 
lagen-vascular disorders reported in other kindreds,? 
but not observed in this family, is thought to be due 
either to less efficient clearance of immune complexes, 
or to the close linkage between immune response 
genes and genes directing C2 synthesis on the 6th 
chromosome. Susceptibility to infection is not a 
fea:ure of this disease, except for one patient reported 
by Day et alJ? and two others reported by Newman 
et a] 1? 

The patient described by Day et ai. had one 
attack of pneumococcal meningitis at 5 months, 
infectious mononucleosis at 7 years, meningo- 
coccaemia at 8 years, and numerous febrile episodes 
and recurrent sore throats. Newman et al.!? reported 
3 episodes of recurrent septicaemia in each of two 
unrelated children with homozygous C2-deficiency. 
They also found a partial deficiency of alternative 
pathway. A third patient with similar findings did not 
have an abnormal predilection to infection, so it 
cannot be certain that a concomitant dysfunction of 
the alternative complement pathway is responsible 
for infective complications. In this regard, our 
patient has normal function of the alternative 
pathway since her serum can generate chemotactic 
fac:cors on interaction with fungi.“ Furthermore, 
extensive investigations in our patient did not show 
other immunological abnormalities to account for 
the susceptibility to pyogenic meningitis. 

Patients with collagen-vascular disorders, recurrent 


Table 2 Serum complement concentrations in a patient with recurrent bacterial meningitis 








Subject Age Clq Cir Cils C2 C3 C4 Cj Có C7 C8 C9 Factor Pro- C3bINA CIINA BIA 
B perdin 

Patent 12 43 48 35 0 1508 541 85 59 T9 55 180 170 29 52 15 585 

Mother 53 80 56 40 13 1276 610 78 73 84 53 225 216 21 34 17 553 

Sister 31 87 56 47 11 1411 716 82 73 59 59 261 270 24 37 2l 560 

Brother 18 60 52 41 0 1170 £04 69 76 63 55 175 144 24 24 11 485 


Normal values (yug/ml) 
Mean 69 49 38 24 1239 601 76 71 55 54 210 190 22 52 15 585 
Range 52-85 41-63 31-47 15-34 828-1722 485-863 51-86 45-80 37—70 19-77 123-370 132-258 15-30 28-45 11-29 


aaaeaii AAAA AAA AAAA 
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deficiencies of this type should also be considered in 
the differential diagnosis of relapsing meningitis, 
especially if there is no evidence of a cerebrospinal 
fluid fistula, whether traumatic! or congenital. 
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A child trisomic for the distal part of chromosome 14q 


GAIL BRIDGMAN AND L J BUTLER 
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Queen Elizabeth Hospital for Children, London 


SUMMARY A child is described with multiple congenital abnormalities including microcephaly, 
odd facies, Fallot’s tetralogy, and absent parathyroids. These were associated with partial trisomy 
for the distal half of the long arm of chromosome 14, the extra segment being translocated to the 
short arms of No 10. The main clinical problems were those related to the congenital heart disease 
and hypocalcaemia. 


Recent developments in cytogenetic technology have 
provided far more information about the substruc- 
tural characteristics of individual chromosomes.! 
This in turn has produced a rapid expansion of new 
chromosome syndromes now recognised by virtue 
of the precision with which short segments of chromo- 
somes can be identified.2 Nevertheless, in most cases 
absolute evaluation has been straightforward because 
of the presence of a familial translocation. There 
remain however a number of cases, especially those 
with small duplications, that can only be identified 
with certainty if the banding sequence of the 
additional segment is distinctive. The present case is 
such an example and appears to be trisomic for the 
distal part of the long arm of chromosome 14. 


Case report 


This baby girl was born to a 29-year-old Jewish 
multigravida who had had one previous normal 
pregnancy and one miscarriage. The pregnancy had 
progressed satisfactorily until the 34th week, when 
spontaneous rupture of the membranes occurred, 
followed by premature labour and the normal 
delivery of a liveborn infant weighing 2 kg. The 
Apgar scores were 7 and 9. Examination showed a 
preterm, small-for-dates baby, with a gestational age 
of 35 weeks (Dubowitz criteria). She had an odd 
facial appearance with low set ears, wide nasal "ess 

bridge, a narrow left palpebral fissure, and ptosis of Fig. 1 Patient aged 44 months. Note narrow left 
the left lid, but the eyes were normal. The upper lip palpebral fissure, ptosis, and protruding upper lip. 
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All digits had ulnar loops except for R2 and R4 
which had whorls. All palmar triradii were normal 
in position with D-line exits into the 4th interspaces 
producing a Cummin’s main line index of 6 on each 
hand. Large hallucal loops into the first interspaces 
were present associated with a triradius at position ‘f’. 

Initial progress was satisfactory but a cardiac 
murmur became apparent on day 7. À chest x-ray 
showed oligaemic lung fields and heart size at the 
upper limit of normal, consistent with a diagnosis of 
congenital heart disease, but the electrocardiograph 
was normal for a neonate. A symptomatic low blood 
calcium level ranging between 1:78 and 2-25 mmol/l 
(7:12 and 9-0 mg/100 ml) was noticed at this time 
and treatment with calcium gluconate was started. 
Results of all other investigations—such as viral 
studies, Wassermann reaction, immunoglobulins, 
urinary chromatography, and skull x-ray—were 
normal. 

On day 16 the infant became tachypnoeic, pyrexial, 
and started to grunt. A full screen for infection was 
performed and treatment with antibiotics started. 
During the next 24 hours her condition deteriorated 
and she became cyanosed. She was transferred to a 
specialist cardiac unit where further investigations, 
including cardiac catheterisation and angiography, 
showed a classical tetralogy of Fallot. Her condition 
stabilised and she was returned to our care, surgery 
being contemplated when she had grown. 

She did well and gained weight until the beginning 
of the 5th week, when her condition again deterior- 
ated. She became irritable and developed episodes of 
twitching in her left arm and leg. This responded to 
valium and phenobarbitone. Investigations showed 
no evidence of infection. An electroencephalogram, 
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although showing no positive abnormalities, showed 
less activity on the right side and she was found to 
have a calcium level of 1:45 mmol/l (5:8 mg/100 
ml), a phosphate level of 3:48 mmol/l (10:8 mg/100 
ml) and a magnesium level of 0-86 mmol/l (2-1 
mg/100 ml). The alkaline phosphatase level was 
501 KA units. She was given expressed breast milk 
and calcium gluconate orally, but these failed to 
correct the calcium/phosphate ratio. She was then 
started on dihydrotachysterol at a dose of 0-25 mg 
twice daily, maintaining the calcium and phosphate 
levels within the normal range and producing a fall 
in the alkaline phosphatase level (Fig. 2). 

Her condition improved and she was discharged 
home at 10 weeks, weighing 3:42 kg. During the 
next few weeks she became difficult to feed and 
started to have fits and cyanotic attacks with 
increased frequency. 

Apart from less active left limb movements, her 
general development was progressing satisfactorily 
and was up to that of her chronological age, although 
her head circumference had shown a steady fall away 
to below the 3rd centile. She was readmitted at 20 
weeks, weighing 4:03 kg, her condition having 
further deteriorated after an upper respiratory in- 
fection. In view of the increasing cyanotic attacks 
she was referred back to the Brompton Hospital 
where a Waterston anastomosis was performed. The 
postoperative course was uneventful but, on the 10th 
day at the hospital, she was found in cardiorespira- 
tory arrest in her cot. Áttempts to resuscitate her 
were unsuccessful. 

Necropsy examination showed pronounced oedema 
of both lungs. The brain was macroscopically 
normal, apart from convolutions of the cerebrum 


Fig. 2 Calcium, phosphate, and alkaline 
Phosphatase levels before and after 
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which showed some flattening and immature develop- 
ment. The heart showed solitus, concordant double 
outlet right ventricle, pulmonary stenosis, ventricular 
septal defect, and patent foramen ovale. 

The thymus weighed 9 g, but the parathyroids 
could not be found despite cross-sectioning the 
trachea and thyroid gland at different levels. 


Cytogenetics. Standard chromosome preparations 
were obtained from short-term lymphocyte cultures 
from the patient and her parents. Giemsa banding 
was carried out using the trvpsin method previously 
described.? The patient's karyotype contained 46 
chromosomes with normal homologous pairs except 
for No 10, one of which has extended short arms. 
The additional segment which displaced the 10p 
telomere had a distinctive G-banding pattern, very 
similar to the distal half of the long arm of No 14, 
from band q22 to qter (Fig. 3). The child was there- 
fore trisomic for this segment of 14q—that is 46XX, 
10p — (10 qter — 10p 14 :: 14q 22-14 ater). 

The karyotypes of both parents were normal 
(mother = 46,XX ; father = 46, XY). 


Discussion 


As both parents had normal karyotypes it was not 
possible to confirm the identity of the additional 
segment. However, the banding sequence, with two 
distinctive and clearly defined bands, eliminates 
virtually all chromosomes in the karyotypes as 
candidates if one assumes that the segment involved 
represents the terminal zone of one of them. À close 
inspection shows that only No 14 has a narrow dense 
band distal to the narrow pale band, the bands being 
generally much wider or with different interband 
distances and band order in other possible chromo- 
somes (for example 1q, 3p, 5q, 6p, 8q, 10q, or 18q). 
In fact this 10p + chromosome with the additional 
segment has a banding sequence very similar to the 
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Fig. 3 Partial karyotype showing trisomy for the 
distal part of the long arm of chromosome 14 due to a 
de novo 10/14 interchange. 


corresponding chromosome in the mother of a 
patient trisomic for the proximal half of 14q de- 
scribed by Raoul et al.4 In that case the mother was 
the carrier of a balanced translocation of the type t 
(10:14) (p15-2, q22). 

Except for one mosaic patient, complete trisomy 
for chromosome 14 has not been described in a 
liveborn infant but it does occur in some spon- 
taneously-aborted fetuses.” Most known instances 
of partial trisomy 14 involve the proximal segment 
down to and including band q23. The total length of 
the segment varied and only 5 cases reviewed by 
WYyandt et al.* appeared to be identical although the 
clinical manifestations were still somewhat variable. 
Nevertheless, the range of abnormalities—generalised 
retardation, microcephaly, microphthalmia, hypo- 
telorism, large mouth with lips turned down at the 
corners, prominent nose, high arched or cleft palate, 
and deformities of the extremities—contrasted quite 
well with the clinical features of the three known 
trisomies for the distal half of No 14. In these cases, 
the main anomalies were antimongoloid slant, defects 
of the great vessels and heart, unusual mouth with 
protruding upper lip, and a high forehead typified 
by the case described by Luzatti (L Luzatti, 1977, 
personal communication to Wyandt er al.). 

The unusual facial appearance of our patient was 
largely due to the unequal size of the palpebral 
fissures with ptosis of the left lid, but the upper lip 
did protrude as in other cases although the forehead 
was not remarkable. However the presence of a major 
congenital:heart and great vessel abnormality in the 
form of Fallot's tetralogy is a more striking simi- 
larity, while absence of parathyroids has not been 
described previously. The hypocalcaemia was clearly 
related to the absence of parathyroids. 


We thank Dr A J Franklin for permission to study 
this patient, Dr Michael C Joseph, consultant cardio- 
logist at the Brompton Hospital, Dr R Anderson and 
Dr M G Rogoff for the necropsy findings, Dr 
Snitcher for the biochemical estimations, and Mrs 
Jenny Holmes for typing the manuscript. 
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A case of quinine self-poisoning in a boy 


P TAYLER, A EDELSTEN, AND I A HUGHES 


Bristol Royal Hospital for Sick Children, Bristol 


SUMMARY An 11-year-old boy swallowed some of 
his father's quinine tablets. The use of an efficient 
toxicology screening service permitted an early 
diagnosis and appropriate management. 


Quinine is widely used in the treatment of night 
cramps;'-? its toxicity is well described.? We report 
the clinical findings and the detection of quinine 
self-ingestion in an 11-year-old boy who had con- 
sumed some of his father's quinine tablets. 


Case report 


A healthy 11-year-old boy developed tinnitus in his 
left ear of short duration. He soon felt dizzy, weak, 
and nauseated. He was noted to be pale, hot, and 
sweating and had a vacant facial expression. There 
was no history of trauma, convulsions, or disturb- 
ance of consciousness. The boy and his parents 
denied any ingestion of drugs. 

On admission to hospital, the boy was drowsy 
but responded to questioning. His oral temperature 
was 35-59C. Blood pressure was 110/70 mmHg and 
heart rate 104/min. He had an unusually broad- 
based gait and slurred scanning speech. Vision was 
not impaired and his physical condition was other- 
wise normal. His symptoms and signs disappeared 
within 24 hours and he made an uneventful recovery. 

Salicylates were undetectable in his plasma. The 
urine initially contained moderate numbers of red 
cells and excess protein, but this did not last. 
An aliquot of urine was analysed at the toxicology 
laboratory, Southmead General Hospital, using a 
screening procedure developed to detect drugs in 
urine. After thin-layer chromatography of a basic 
urine extract, a reference value similar to that of 
quinine was found. In solution in 0-1 mol/l sulphuric 
acid, it gave a pale blue fluorescence under ultra- 
violet radiation with an ultraviolet absorption 
spectrum, identical with that obtained from a sample 
of quinine. The boy subsequently admitted taking 
his father's quinine tablets and said he had been 


curious about them. His father took them for ‘night 
cramps’. : 


Discussion 


Quinine is a rare cause of childhood poisoning, but 
as little as 1 g chloroquine (which also contains the 
quinoline nucleus) has been reported to be fatal in 
children.* Peak plasma concentrations occur between 
1 and 3 hours after a single oral dose of quinine and 
the drug is excreted in the urine almost completely 
within 24 hours.? This report stresses the need to 
collect biological samples early when investigating 
a case of suspected self-poisoning. 

Tinnitus, vertigo, confusion, sweating, and pallor 
are well-known features of quinine toxicity,? whereas 
hypothermia is an unusual finding. Tbe sudden 
onset of such symptoms and signs in a healthy 
person followed by spontaneous improvement should 
always suggest self-poisoning. The availability of an 
efficient toxicology screening service which showed 
the characteristic fluorescent appearance of cinchona 
alkaloids on thin-layer chromatography of this 
boy's urine was crucial in establishing the correct 
diagnosis and prevented the need for further in- 
vestigations. 


We thank Mr C N Chapman for performing the 
toxicology screen on the urine. 
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Familial congenital heart block and hydrops fetalis 


R W I COOKE, J W METTAU, A W VAN CAPPELLE, AND V H DE VILLENEUVE 
Sophia Children's Hospital, Erasmus University, Rotterdam, The Netherlands 


SUMMARY ‘Two siblings were born with congenital 
heart block, and one suffered from severe hydrops 
fetalis, although maintaining a higher heart rate than 
the other. The association of hydrops fetalis with 
disorders of cardiac rhythm is unlikely to be simply a 
manifestation of congestive cardiac failure in the 
fetus. 


Familial congenital heart block is a rare clinical 
entity. Two siblings with this disorder are described, 
one of whom suffered severe hydrops fetalis. 


Case reports 


Case 1. A 26-year-old mother, para, 0 + 1, was 
noticed to have a fetal bradycardia at 22 weeks' 
gestation. She had mild aortic stenosis and was 
being treated during pregnancy with prophylactic 
penicillin and digoxin. At 41 weeks she delivered a 
3230-g boy with a placenta weighing 520 g. No birth 
asphyxia occurred, but the infant’s heart rate was 
only 35 per minute. The liver was palpable 2 cm 
below the costal margin, and a grade 2/6 precordial 
ejection murmur was audible. An ECG showed 
complete atrioventricular block with an atrial rate of 
130 per minute. Chest x-ray at a few hours of life 
showed a cardiothoracic ratio of 66% and congested 
lung fields. Haemoglobin (Hb) was 23 g/dl, Coombs's 
test negative. Digoxin levels were insignificant. 

There was clinical deterioration in the first few 
hours of life, with gross hepatic enlargement and 
signs of low cardiac output, requiring the placement 
of a transvenous pacing catheter. Pacing at 
120/minute at 2mA produced immediate clinical 
improvement. At 48 hours, a spontaneous rhythm of 
60/minute was noted when pacing was stopped, and 
the catheter was removed. Subsequent progress was 
uneventful, and at age 3 years development is 
normal, His heart rate varies between 60 and 90 per 
minute, and the ECG shows complete A-V block. 
Chest x-ray shows left ventricular hypertrophy. He 
has no symptoms. 


Case 2. The same mother delivered a baby girl 3 
years later at 34 weeks’ gestation. Fetal bradycardia 
had been noted from 28 weeks’ gestation, and real- 
time 2-dimensional echo-examination showed signs 


of hydrops fetalis with hydrothorax, and enlargement 
of the heart and liver. The infant weighed 2830 g at 
birth and the placenta was described as ‘thickened’. 
Immediate resuscitation was required at birth. 
Hepatomegaly, gross oedema, and ascites were 
present. Abdominal paracentesis drained 480 ml 
ascitic fluid (19:5 g/l protein) before adequate 
ventilation could be achieved. The heart rate was 
fixed at 70 per minute. Hb was 20:8 g/dl and Coombs's 
test negative. The urine contained no protein. She 
was ventilated for 6 hours, and later treated with 
CPAP until 24 hours of age when she was able to 
breathe air spontaneously. M-mode and 2-dimen- 
sional echocardiography showed a normal cardiac 
anatomy. After loss of oedema fluid, she weighed 
1900 g on day 4. Heart rate varied between 80 and 
100 per minute and the ECG showed complete A-V 
block. Further progress was complicated by feeding 
difficulties ascribed to prematurity, and a single 
episode of congestive heart failure at 3 months was 
treated with frusemide. At age 4 months development 
appears normal. 


Discussion 


Familial heart block was first described by Morquio.! 
It has occasionally been reported since. Michaelsson 
and Engle,* in a review of congenital heart block, 
found an incidence of 1 per 20 000 livebirths. Of the 
599 infants reviewed, 34 had affected siblings, 30% 
also had an associated congenital cardiac anomaly, 
usually ‘corrected’ transposition of the great vessels. 
It has been suggested that familial heart block is due 
to localised degeneration or congenital absence of 
crucial portions of the conducting system of the 
heart.?7* Recently, attention has been drawn to the 
association of congenital heart block with maternal 
systemic lupus erythematosus, although not on a 
familial basis.5 Antenatal damage to the conducting 
system by transferred maternal factors may be the 
mechanism. 

Although hydrops fetalis has often been described 
in association with congenital cardiac malformations, 
its occurrence with rhythm disorders is rare. Several 
cases of supraventricular tachycardia in utero have 
lasted from weeks to months without the develop- 
ment of congestive cardiac failure until after birth.® 
This has been ascribed to the low in utero systemic 
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resistance which increases after loss of the placental 
circuit at birth. Intrauterine congestive heart failure 
with gross oedema at birth and supraventricular 
tachycardia has however been described." Likewise 
hydropic appearances at birth associated with 
congenital heart block have only rarely been 
described,?? congestive failure usually occurring 
after birth and being attributed to alterations in 
systemic vascular resistance. 

In the siblings described, it is reasonable to assume 
that the aetiology of the congenital heart block was 
similar. Echocardiographic examination of both 
infants was normal. Both had normal Hb levels with 
no evidence of haemolysis, and their mother at 
no time had any evidence of a connective tissue 
disorder. 

Rhythm disorders in the fetus, whether tachy- 
cardia or bradycardia, are rarely associated with 
hydrops fetalis, even when of several months' 
duration. In the infants described, only one developed 
hydrops, this one being the least severely affected in 
terms of bradycardia. It is suggested that the gross 
oedema seen in the second infant at birth was a 
disorder of serum osmolality occurring secondarily 
to the disease process which produced the familial 
congenital heart block, rather than the direct result 
of congestive cardiac failure in the fetus. 


UTE 
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Effect of parental head circumference on that of the newborn child 


JOHN OSBORNE, S HAVALAD, B HUDSON, AND A HUGHES 
Department of Paediatrics, Southmead Hospital, and Department of Community Health, Bristol 


SUMMARY The head circumferences of 74 term, 
normal babies were measured, together with the 
head circumferences of their parents. Maternal head 
circumference had a significant effect on that of the 
newborn infant but paternal head circumference 
had not. An equation is given for estimating the 
expected head circumference of a newborn infant, 
provided the birthweight and maternal head cir- 
cumference are known. 


The effects of gender and gestational age on head 
circumference in infancy have been studied, and 
charts have been produced allowing for these 
variations. Head circumference can also be affected 
by birthweight, severe intrauterine growth retarda- 
tion, or congenital abnormality.2 Head shape in- 
fluences head circumference as does moulding for 


the first 36 hours of life.’ It has been suggested that 
parental head size can account for some of the 
variation in head size of babies.4 In this study this 
possibility was examined. 


Subjects and methods 


74 newborn infants and their parents were studied. 
Eech baby was weighed at birth on two separate 
scales by two different pairs of nurses to avoid 
errors. Head circumference was measured by two 
of us (J O and S H) between 48 and 120 hours of life 
when the effect of moulding had disappeared.? 
Gestational age was assessed from the date of the . 
mother's last menstrual period as given at booking. 
The parents’ head circumferences were measured 
by one of us (B H) with a fibreglass tape. Disposable 
paper tapes were used for the babies. The accuracy 
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of all the tapes was checked against a wooden rule. 
The head circumference measured was between the 
glabella and the occipital protruberance (the 
occipito-frontal circumference). The three of us 
practised these measurements for several weeks until 
similar and consistent results were obtained. The 
mother's height was measured at booking. 

Babies were excluded from the study for the 
following reasons: (1) Gestational age more than 
42 or less than 37 complete weeks by dates. (2) 
Birthweight less than 2:5 kg. (3) Diabetes mellitus 
or abnormal postnatal glucose tolerance in the 
mother measured when the birthweight was more 
than 4 kg. (4) Congenital abnormality. (5) Cephal- 
haematoma. (6) Nonwhite race. (7) Mother un- 
married at booking. (8) Discharge less than 5 days 
after delivery. 

The results were analysed using stepwise multiple 
regression techniques with the 4 independent vari- 
ables of birthweight, gestational age, maternal head 
circumference, and paternal head circumference. The 
baby's head circumference was the dependent 
variable. In order to combine data from both sexes, 
0:6 cm was added to each female baby’s head cir- 
cumference and this was called the adjusted head 
circumference. 


Results : 


The mean head circumference of the 41 male babies 
was 35:2 (SD 1-28) cm while that of the 33 female 
babies was 34:6 (SD 1-11) cm. The difference 
(0:6 cm) was significant (P «0-05) and was identical 
with that found in larger series.’ 

Initial analysis was undertaken for both sexes 
combined. Birthweight was the most significant 
independent variable (r = 0-74) explaining 53-77; 
of the variation in head circumference. Maternal 
head circumference was also a significant independent 
variable (r — 0-36) although it explained only an 
additional 4-1% of the variation. Gestational age 
and paternal head circumference were not significant 
independent variables. The regression equation re- 
lating baby's head circumference to birthweight and 
maternal head circumference was 

Baby’s adjusted HC —18-9--(1:93 x BW) - (0-18 
xmaternal HC) 
where HC —head circumference (in cm), BW —birth- 
weight (in kg). Adjusted HC=true HC for males, 
but is 0:6 cm larger than the true HC for females. 

At the mean of each independent variable the 


X. - constant term contributed 53-675 of the head cir- 


cumference, birthweight contributed 18:654, and 

maternal head circumference contributed 27-8 %. 
If each sex is considered separately birthweight 

remains the most significant independent variable 


(for the males r = 0-76 explaining 57:9% of the 
variation: for the females r — 0:70 explaining 
48:475 of the variation), but for males alone the 
maternal head circumference is a second significant 
independent variable explaining a further 8:5% of 
the variation. 


Discussion 


Birthweight had a greater influence on head cir- 
cumference than had been noted previously.* This 
was probably because infants of diabetic mothers 
and small-for-dates babies were excluded. Our data 
are comparable with the increase in head circum- 
ference seen due to increasing gestational age, and 
hence to increasing weight, 1n term babies.! 

The lack of effect of gestational age was probably 
due to the restricted range of this variable in the 
babies. It was not accounted for by birthweight as if 
birthweight were to be excluded as an independent 
variable, gestational age would still not be a sig- 
nificant factor. The relative inaccuracy of measuring 
gestational age by dates alone may be a contributory 
factor but attempts to replace it, or even complement 
it, by data based on Dubowitz scores showed no 
additional benefit. 

In an attempt to understand the Jack of significance 
of maternal head circumference in the female babies 
further analyses were undertaken. In the general 
population there is a correlation between maternal 
height and maternal head circumference (r = 0:3) 
(J M Tanner, 1979, personal communication) and 
between maternal height and birthweight (r = 0-25)9 
and this was true for our survey when both sexes 
were combined (r = 0:3 and r = 0:3). However, 
for the males there was no significant correlation 
between maternal height and maternal head cir- 
cumference, while for the females there was no 
significant correlation between maternal height and 
birthweight. This suggested that our sample was too 
small to analyse the sexes separately. 

The regression equation can be used to predict 
a baby's head circumference if birthweight and 
maternal head circumference are known. The stan- 
dard error of the residuals is 0-79 cm, indicating that 
observations outside 4 1:55 cm of that predicted 
might be considered abnormal and require further 
clinical investigation. This was tested on 2 patients 
who each had had a very small head at birth which 
had initially been thought to be due to significant 
microcephaly. Subsequent observations suggested it 
was due to the familial occurrence of microcephaly 
in otherwise normal children and their normal 
parents. However, the actual head circumferences 
were 2-2 and 2-7 cm below the calculated head cir- 
cumferences, suggesting that a wider margin of 
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normality is required. This problem of predicting 
the deviation expectedintheanthropometricmeasure- 
ments of unusual individuals by studying the vari- 
ation in normal individuals has already been 


recognised with regard to height." 
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SUMMARY 53 newborn infants with both G-6-PD 
deficiency (29 male hemizygotes and 24 female 
heterozygotes) and a-thalassaemia, and 120 newborn 
infants with only the enzymatic defect (60 male 
hemizygotes and 60 female heterozygotes) were 
studied. 12 of those with both G-6-PD deficiency 
and a-thalassaemia, and 32 of those with only 
G-6-PD deficiency showed hyperbilirubinaemia. «- 
Thalassaemia does not seem to be implicated in the 
development of hyperbilirubinaemia in G-6-PD- 
deficient newborns. 





It is known that erythrocyte G-6-PD deficiency, 
predisposes to the risk of severe neonatal hyper- 
bilirubinaemia. However, the frequency of this 
association varies in different populations and in 
different regions.'-* Therefore, additional genetic or 
environmental factors, or both, must play a part. 
«-Thalassaemia has been suspected as being one of 
the genetic factors because neonatal jaundice 
associated with G-6-PD deficiency is common in the 
Chinese,? in whom a-thalassaemia is also common. 

This study was designed to confirm or refute the 
association of «-thalassaemia and neonatal hyper- 
bilirubinaemia in G-6-PD-deficient newborn infants. 


Materials and methods 


10 160 term infants (5468 girls, 5692 boys) born at 
the University of Sassari, Department of Obstetrics 
and Gynaecology, during a 5-year period (from 1973 
to 1978) were screened for G-6-PD deficiency and 
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a-thalassaemia. Of these 10 160 infants studied, 262 
girls and 271 boys were found to be a-thalassaemic; 
441 boys and 514 girls (467 heterozygotes and 47 
homozygotes) were G-6-PD deficient. 53 term 
newborn infants weighing between 3:1 and 3:8 
kg were G-6-PD-deficient (29 male hemizygotes, 
24 female heterozygotes) and «-thalassaemic. None 
of the 53 infants was given phenobarbitone, orotic 
acid, or agar prophylaxis and none had blood group 
incompatibilities, hypoglycaemia, respiratory dis- 
tress, infection, or cephalhaematoma. Those with 
bilirubin levels equal to, or higher than, 10 mg/100 
ml (171 umel/l) on the first day of life, 12 mg/100 ml 
(205 mol/l) on the second day, and 14 mg/100 ml 
(239 pmol/l) on the third and following days were 
considered jhyperbilirubinaemic and given photo- 
therapy. 120 term newborn infants weighing between 
3:0 and 3:9 kg with only G-6-PD deficiency (60 
male hemizygotes and 60 female heterozygotes) 
served as controls. 

Erythrocyte G-6-PD activity was assessed using 
the test of Brewer er al. In a girl with a positive 
result to the test a diagnosis of heterozygosity or 
homozygosity was made using the cytochemical 
method of Sansone et aL? Diagnosis of a- 
thalassaemia was made by demonstrating Hb Bart's 
electrophorétically on cellogel strips. Bilirubin 
determination was by the Malloy and Evelyn 
method.? 


Results 
Results are reported in the Table and Figure. 
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a-Thalassaemia and hyperbilirubinaemia in G-6-P D-deficient newborns 


Of 29 male newborn babies with the double defect, 
8 had bilirubin values within the limits requiring 
phototherapy, while of 24 female newborn babies 
(heterozygotes for G-6-PD defect and with Hb 
Bart's) 4 became jaundiced. Of the newborn infants 
with only G-6-PD deficiency, 21 of 60 male 
hemizygotes and 11 of 60 female heterozygotes 
developed hyperbilirubinaemia. No significant 
difference (y? test) was present between the two 
groups (Table). 


Table Frequency of hyperbilirubinaemia in G-6-P D- 
deficient newborn infants (male hemizygotes and female 
heterozygotes) with associated a-thalassemia, compared 
with that in newborn infants with only the enzymatic 
defect (male hemizygotes and female heterozygotes) 


Infants No of cases with vA 
hyperbilirubmaemia 
With G-6-PD deficiency and 
Bart's Hb 
Newborn boys (n=29) 8 28 
Newborn girls (n==24) 4 17 
With G-6-PD deficiency alone 
Newborn boys (n —60) 21 33 
Newborn gris (n 60) 11 18 





There is no statistical (x2 test) difference (P7 0-05) 1n the frequency of 
hyperbilirubinaemia in G-6-PD-defiient newborn infants with 
a-thalassemia compared with newborn infants with G-6-PD deficiency 
alone. 


Maximum plasma bilirubin levels showed no 
significant difference between the two groups (Figure) 
Hyperbilirubinaemia was more common in male 
G-6-PD-deficient newborns than in female 
heterozygotes (P<0-05). 


Discussion 


Our results on newborn infants with G-6-PD 
deficiency associated with a-thalassaemia do not 
show any increase in the incidence or gravity of 
hyperbilirubinaemia compared with newborn infants 
who have only the enzymatic defect. Therefore, it 
does not seem that «-thalassaemia can be considered 
an additional factor in predisposing G-6-PD- 
deficient newborns to hyperbilirubinaemia. Other 
genetic factors which might play a role include 
reduced glucuronic conjugating capacity, 
bilirubin clearance by the liver," or the association of 
erythrocyte acid phosphatase with the p4 phenotype 
(as has been demonstrated in favism by Bottini 
et al), 

Environmental factors may also play an important 
role. Valaes et al.? found jaundice was more common 
in G-6-PD-deficient newborn infants on the island of 
Lesbos than on Rhodes; while Drew et a/25 found a 
lower incidence of hyperbilirubinaemia in newborn 
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Figure Maximum plasma bilirubin levels in G-6-PD- 
deficient newborn infants with associated a-thalassemia 
and in newborn infants with only G-6-PD deficiency. 

(2) Newborns with G-6-PD deficiency, (b) newborns with 
G-6-PD deficiency and a-thalassemia. 

@ Male hemizygotes for G-6-PD, O female heterozygotes 
for G-6-P D. 

Statistical analysis (Student's t test) did not show any 
significant difference (P 7 0-05) between the groups. 
Conversion: traditional units to SI—bilirubin: 

1 mg/100 ml ~ 17-1 pmol/l. 


infants of Greek origin with G-6-PD deficiency who 
had emigrated to Australia compared with those 
remaining in Greece. Finally, Effiong et al.1* observed 
that neonatal hyperbilirubinaemia is a more common 
clinical problem in Africans than in Americans of 
African descent. 


This study was supported by CNR grant 79.3247.04. 
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SUMMARY A 6th case of hydroxyprolinaemia is 
described. The response to an oral hydroxyproline 
load failed to demonstrate an abnormal response in 
a presumed heterozygote. The infant is developing 
normally at age 36 months and we agree with 
others that this aminoacidaemia is benign. 


Hydroxyprolinaemia is a metabolic disorder, 
characterised by an increase in free hydroxyproline in 
plasma and urine with a normal excretion of 
peptide-bound hydroxyproline. The disorder was 
first described in 1962 in a 12-vear-old girl investi- 
gated for mental retardation.!-? Two further cases 
(a 7-year-old girl? and an 8-year-old boy*) in which 
the condition was also associated with mental 
retardation were described subsequently. The 
discovery of the disorder in 2 adult siblings of 
normal intelligence’ refuted the initial suggestion 
that mental retardation was a necessary feature of 
the disorder. This 6th case of hydroxyprolinaemia 
was diagnosed in a 6-week-old boy who has shown 
normal development subsequently. This supports the 
idea that the condition due to deficiency of hydroxy- 
proline oxidase is benign; if mental retardation is 
present, it is likely to be due to other causes. 


Case report 


Our patient was the first child of a healthy 13-year-old 
girl of West Indian extraction. The father was the 
girl’s brother. The baby was born at term weighing 
2°86 kg after a normal pregnancy. Examination 
showed bilateral single palmar creases and a soft 
apical systolic murmur. Amino-acid chromato- 
graphy performed because of consanguinity showed 
a high level of plasma hydroxyproline. Quantitative 
analysis using a TSM amino-acid analyser* showed a 
plasma hydroxyproline level of 300 pmol/l; 3-4 mg/ 
100 ml (normal, <20 umol/l; <0-23 mg/100 ml). 
Urine hydroxyproline excretion was 2000 uumol/24h; 
262 mg/24h (normal, up to 180 umol/24h; 23:6 
mg/24h). There was no microscopical haematuria 
and the serum creatinine level was 50 uumol/1; 0-56 
mg/100 ml (normal, 60-120 pmol/l; 0-68-1:36 
mg/100 ml) The chromosome complement was 
46X Y. 

An oral hydroxyproline load of 200 mg/kg was 


given to the patient at age 2 months, and also to the 


mother and to 2 healthy adult female volunteers. The 
patient excreted 77% of the load in his urine during 


* Technicon Instruments Company Ltd., Hamilton Close, 
Houndmills, Basingstoke, Hants R921 2YE, England. 
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the next 24 hours. His mother, who was presumed to 
be heterozygous, excreted 6% of the oral load. This 
did not differ significantly from the two control 
subjects and the proportion excreted was similar to 
that described in a previous case." 

There was no increase in urine metabolites of 
hydroxyproline (Figure) either in the patient or his 
mother during this period. Urine and plasma 
analysis of 9 members of the patient's family failed 
to demonstrate any further raised hydroxyproline 
levels. The patient's plasma hydroxyproline con- 
centration was 431 umol/l (4-8 mg/100 ml) at 11 
months, and at 36 months was still raised (293 
umol/D); 3:4 mg/100 ml), while both physical and 
mental development remained normal. 

Our patient smiled socially at 5 weeks, sat at 7 
months, and walked unsupported at 9$ months. He 
was uttering single words at 14 months and at age 
3 years was speaking in sentences. He is a very lively 
child with normal vision and hearing, and his 
comprehension 1s normal. 


Discussion 


Hydroxyproline ts a nonessential amino-acid most of 
which is formed in the body from proline, probably 
by hydroxylation of proline residues attached to 
polysomes during the synthesis of collagen.* This 
hydroxylation is catalysed by a specific enzyme, 
proline hydroxylase. Biosynthesis of free hydroxy- 
proline also occurs from glyoxalate and pyruvate.’ 
Free hydroxyproline is catabolised by a well-defined 
pathway (Figure) that has been demonstrated in 
human liver and kidney. Some 80% of human 
hydroxyproline disposal occurs via the kidney 
pathway, the remainder being excreted in the urine 
largely as a peptide-bound derivative of collagen. In 





hydroxyproline 
Qu dQse" 


HO ARS a 
q Ton — COOH —» HOOC COOH 
t N H4N 


2 


L-hydeox yprobne à pyroine-3hydroxy- $- hydrary- 
5 carboxylic acid L - glutamic. acid 
(HPC) (HGA) 
CHO CH4 HO 


| + l 

COOH a 
chee: Pyruvic 
ci acid 


Figure Degradative pathway of hydroxyproline. 
(After Goldstone and Adams.)* 


ehydroxy -¥ ketoglutar« acd 
( HKG 


Hydroxyprolinaemia with normal development 485 


the plasma, peptide-bound hydroxyproline accounts 
for only 2% of the total, but in the urine it constitutes 
up to 95% of the total. Renal clearance of free 
hydroxyproline is low, reabsorption occurring by a 
tubular transport system shared partly by proline 
and partly by glycine.9719 ` 

When the condition was first described!-? mental 
retardation was thought to be an essential feature, 
presumed to be the effect of raised hydroxyproline 
levels on the developing nervous system. Indeed, 
familial encephalitis associated with hydroxy- 
prolinaemia resulting in early death has been 
described." Methods for reducing plasma hydroxy- 
proline concentration were therefore considered. 
Dietary restriction of hydroxyproline, which is 
synthesised within the body, has little effect on 
plasma concentration, but administration of oral 
glycine and proline was found to reduce plasma 
levels by saturating the tubular reabsorptive 
mechanism and thereby increasing loss in the 
urine.) Cooke and Raine? did not mention if there 
was any beneficial effect on their patient's develop- 
mental progress with this form of treatment. 

The fortuitous discovery of 2 adults of normal 
intelligence with hydroxyprolinaemia in 1969 showed 
that the condition can be benign. The child we 
describe is now 39 months old and is developing 
normally despite continued raised levels of plasma 
hydroxyproline. We therefore suggest that it is not 
necessary to control the raised plasma hydroxy- 
proline levels in this condition. 

Previous authors found an increase in free/bound 
urine bydroxyproline ratio in a 2-year-old hetero- 
zygote." We were unable to detect any hydroxyproline 
in the urine of the mother of our patient while on a 
normal diet, and her urinary hydroxyproline 
excretion was similar to that of 2 healthy control 
adults after oral loading. The consanguinity in this 
family supports the suggestion that this condition 
has a recessive inheritance. 

Increased renal excretion of hydroxyproline and 
glycine due to transport pathway saturation is a 
well recognised feature in hyperprolinaemic subjects.? 
The fact that proline and glycine excretion were 
normal in our patient, despite pronounced hydroxy- 
prolinuria, is interesting and may imply that 
hydroxyproline has a relatively lower affinity than 
proline for the transport pathway. Scriver!® suggested 
that hydroxyproline was less effective at inhibiting 
the renal tubular transport of proline than vice versa. 


We thank Professor Jon Scopes whose case we 
present, Professor Maureen Young for advice, and 
Dr J W T Seakins, The Hospital for Sick Children, 
for the analysis of urine. 
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SUMMARY 14 children, aged between 15 months and 
14 years, with brucellosis were treated with oral 
rifampicin only (20 mg/kg per day) for 3 weeks. 
Laboratory diagnosis depended on blood culture 
(positive for Brucella melitensis in 11 of the cases), 
serum agglutination, complement-fixation test, and 
Coombs's test. Response was good in each child, 
with fever clearing between the 2nd and 8th day. 
2 children relapsed, but one relapse was probably a 
reinfection from contaminated cheese. Both children 
were given a further course of treatment (rifampicin 
and co-trimoxazole) which was successful. Despite 
the reasonably good results with rifampicin alone, 
it is advisable to combine the drug with co-trimoxa- 
zole when treating brucellosis. 


In Spain, brucellosis is still endemic and constitutes 
a major public health problem.! Treatment of this 
infection has been unsatisfactory,? despite the use of 
such drugs as sulphonamides and streptomycin, and 
broad spectrum antibiotics—such as chloram- 
phenicol, chlortetracycline, oxytetracycline.** 
Rifampicin is a broad spectrum antibiotic with 
potent antibrucellar activity im vitro. It has been 
reported to be effective in the treatment of experi- 
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mental brucellosis. Rifampicin is rapidly absorbed 
by the bowel to giye high plasma levels, spreading 
widely through the body. Because of its neutral 
molecule it penetrates into the interior of cells and 
so reaches:the reticuloendothelial system, where the 
brucellar organisms persist, thus causing relapses and 
chronic illness.? 


Materials and methods 


We have studied 14 cases of brucellosis in children 
(9 boys and 5 girls); their ages ranged between 15 
months and 14 years. Most came from country 
areas: 9 from villages, 2 from suburban areas, and 
only 3 from the city. Except in three cases, the source 
of infection was almost certainly attributable to the 
consumption of contaminated milk or cheese. 

The variety of symptoms (Table 1) was wide. 
Fever was present initially, often associated with 
articular and muscular pains. Sweats and weakness 
were present in half of the children, but not neces- 
sarily together. The fever sometimes took an 
undulant form, but was more often a constant low 
fever. Splenomegaly was observed in 11 patients and 
hepatomegaly in 9. 

A clinical diagnosis of brucellosis was made in 
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Table 1 Initial symptoms in 14 children with brucellosis 
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Results 


Symptoms Children duas z : : 
Clinical improvement occurred in all the patients, 
No. A with fever clearing between the 2nd and 8th day of 
Fever 14 100 treatment. Other clinical signs disappeared some 
EUN myalgia a : days later, except in 2 children with arthritis who 
Weakness 7 50 took several months to recover completely. 
Abdominal pain 4 28 Slight increase in the erythrocyte sedimentation 
Arthritis 4 28 ; : 
Headache 3 21 rate, moderate anaemia, and leucopenia were 
Nomine : y regularly noted at the start, but disappeared between 


only 7 children. The others had initially been 
diagnosed before admittance to hospital as acute 
arthritis (2), typhoid fever (2), purpura (1), and 
fever of unknown origin (2). Diagnosis of brucel- 
losis was dependent on the results of the investiga- 
tions shown in Table 2. 

Blood cultures were made in the Castañeda 
double medium with both Albimi broth and agar 
slant. Three tests for brucellar serum antibodies were 
carried out: an agglutination test using Brucella 
abortus strain 19 as antigen, a complement-fixation 
test, and the antiglobulin (Coombs's) agglutination 
test. This standard method for the serodiagnosis 
with the 3 tests increases the likelihood of diagnosis 
and shows how far the illness has progressed.” 


Treatment. We used rifampicin alone (20 mg/kg per 
day) given twice daily by mouth and always before 
meals, for a period of 21 days. Before starting the 
study it had been agreed to adopt the following 
conditions: (1) initially severe forms to be excluded; 
(2) rifampicin to be stopped (changing to tetra- 
cycline, sulphonamides, and streptomycin) if fever 
persisted after 12 days; (3) treatment to be changed 
if blood culture should be positive in the second week 
or if the patient's condition worsened. In the event, 
treatment with rifampicin was not stopped for any of 
these reasons. 


Table 2 Initial blood culture and serology 


the 8th and 15th day of treatment. Blood culture 
before treatment was positive in 11 (78 97) cases; in 
all, it became negative in the second week of treatment. 


Relapses. All the patients were followed up. This gave 
us the opportunity to study two relapses which 
occurred 3 and 7 weeks after treatment had been 
stopped. One patient developed an acute arthritis, 
and in the other the typical clinical picture of acute 
brucellosis recurred. In both cases blood culture 
was again positive. The first of these was probably 
due to the fact that treatment had been stopped 
without due attention being paid to the child’s 
residual arthritis. The second case was perhaps a 
reinfection rather than a relapse, because the child 
continued to eat cheese made from goat’s milk, 
despite our warnings. In both cases, full recovery 
followed a 21-day course of rifampicin and co- 
trimoxazole. 


Discussion 


We found rifampicin to be reasonably effective when 
used as the sole drug in the treatment of acute 
brucellosis, 85% of the children being cured by a 
21-day course of the drug. It is easy to administer, 
and side effects are minimal. Furthermore, because 
of its ability to penetrate the reticuloendothelial 
system, where the brucellar organisms lodge, relapses 
and chronic forms of the disease are fewer. 








Case Age (years) Sex Length of Blood culture Agglutination Complement- Coombs’s test 
illness text fixation test 
1 11 M 2 months B. melitensis 1/80 1/320 1/5120 
2 12 F 7 days B. melitensis 1/640 1/320 1/2560 
3 12 M 30 days B. melltensis 1/160 1/1280 1/2560 
4 14 F 4 months B. meluensis 1/80 1/80 1/1280 
5 8 M 22 days Negative 1/320 1/80 1/25 
6 10 F 30 days Negative 1/40 1/1280 1/2560 
7 6 M 6 days B. melitensis 1/320 1/160 1/1280 
8 il F 30 days B. melitensis 1/320 1/1280 1/640 
9 13 M 2 months B. melitensis 1/160 1/1280 1/640 
10 1 M 15 days Negative 1/160 1/320 1/1280 
11 3 M 45 days B. melitensis 1/160 1/80 1/640 
12 10 M 15 days B, melitensis 1/1280 1/1280 1/2560 
13 10 F 45 days B, melitensis 1/5120 1/2560 1/5120 
14 2 M 3 months B. melitensis 1/80 1/640 1/1280 
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Despite these results with rifampicin alone, we 
think that brucellosis should not be routinely 
treated with only one antibiotic. We suggest that 
rifampicin should be combined with co-trimoxazole 
as currently the most effective treatment.? 
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The 94 communications included: 


Estimating the genetic and common household 
environmental causation of familial aggregation of 
blood pressure in adoptive familles. Jean-Guy 
Mongeau, Pierre Biron, L Joseph, M D Annest, and 
F Charles. Montreal, Canada, and Michigan, USA 
588 families were studied; some had their own 
children, some had their own and adopted children, 
andsome had adopted children only. It was estimated 
that 61% of systolic and 58% of diastolic blood 
pressures were due to shared genes rather than to 
environment. Further analysis of diastolic blood 
pressure using sib-sib correlations suggested that 
33 % of the correlation was due to shared genes, 24% 
to across-generation shared environment, and 42% 
to within-generation shared environment. 


Hypertensions and renal scarring. H J Bachmann, 
J Schmeck, K Pistor, and H Olbing. Essen, West 
Germany 

20 9; of 101 children with urinary tract infection and 
renal scars compared with none of 101 without scars 
were hypertensive. Scars were bilateral in most cases 
and obstruction and vesicoureteric refluxes were 
common. Nine hypertensive children had glome- 
rular filtration rates >80 ml/min per 1-73 m?. 


Active and inactive plasma renin in children. K J Van 
Acker, S L Scharpe, J R Deprettre, and M Lequesne. 
Antwerp, Belgium 

Plasma inactive renin may be activated in vitro by 
low pH, low temperature, or trypsin. Mean levels 
for active (inactive) were: aged 1—4 years 3:99 -+ 1:51 
(1-51 -+- 1:45) PRA ng/ml per hour, aged 4-9 years 
2-29 + 0-90 (1:30 + 1-91) PRA ng/ml per hour, 
aged 5-15 years 1-21 + 0-94 (1:21 + 0-72) PRA 
ng/ml per hour. In 6 of 10 children aged 1-4 years 
with high plasma renin levels, low temperatures 
resulted in decreased rather than increased activity. 


Androgen production in boys with chronic renal failure 
before and during puberty. K. Scharer, M Broyer, 


ıt _ E Schwender, J Usberti, and P Vecsei. Heidelberg, 


j 


West Germany 

Plasma testosterone and dihydrotestosterone were 
measured before and 7 days after 2 or 3 intra- 
muscular injections of 5000 ug/m* of human 


chorionic gonadotropin (HCG) in 12 boys with 
chronic renal failure, 13 boys on regular haemo- 
dialysis, and 7 boys with successful renal transplants. 
Pubertal development was generally delayed with 
diminished testicular size. In prepubertal boys the 
response to HCG was generally below normal 
compared with reported control values, with some 
improvement in transplanted boys. During puberty 
a wide variation in plasma testosterone was found 
but this appeared to be reduced and to be correlated 
with growth velocity. 


In vitro inhibition of protein synthesis by molecules 
retained in the plasma of uraemic children. C Delaporte 
and F Gros. Paris, France 

The translation step of protein synthesis was assessed 
using two cell-free systems (lysate of mouse ascitic 
and rabbit reticulocytes). The incorporation of 
3H-leucine was significantly reduced by uraemic 
compared with control plasma. The inhibitory 
effect of uraemic plasma was lessened by prior 
haemodialysis, by heating above 55°C, and by 
removing molecules with a molecular weight «700. 


Effects of oral essential amino-acids on growth, 
nitrogen balance, and body composition in children 
with advanced chronic renal failure. R W A Jones, 
N Dalton, K Start, M El Bishti, and C Chantler. 
London, UK 

Seven children with severe chronic renal failure were 
treated with a severely restricted protein diet, 
supplemented by oral essential amino-acid supple- 
ments. Total protein provided 5% of calorie intake. 
Nitrogen balance in hospital improved but during a 
6-month period no significant increase was detected 
in growth velocity, cell mass, or renal function. 
Patient compliance was poor and it was concluded 
that the disadvantages of the diet outweighed the 
possible advantages. 


Plasma proteins, amino-acids, and growth in children 
on regular dialytic treatment. R Gusmano, F Perfumo, 
and L Formicucci. Genoa, Italy 

25 children, aged 3 to 15 years, were on twice- 
weekly regular haemodialysis for 1 to 8 years. Mean 
average intake was 70% of normal for children of the 
same height, with a mean protein intake of 110%. 
Plasma proteins were normal; plasma alanine, 
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valine, leucine, tyrosine, and ornithine were 
reduced with increases in plasma asparagine, glycine, 
citrulline, and cystine. No relation was found 
between these changes and duration of dialysis, or 
growth in height or weight. 


Impaired intestinal fat absorption in chronic renal 
failure. A Drukker, E Levy, N Bronza, and R Gold- 
stein. Jerusalem, Israel 

Fat absorption was determined in 5 adults and 5 
children with chronic renal failure (CRF) by 
measuring plasma triglyceride concentration and 
lipoprotein electrophoresis hourly after an oral 50 g 
dairy fat load; fasting hyperlipidaemia with 
triglyceride >190 100 ml and type IV lipoprotein 
electrophoresis was present in 6 patients. The 
percentage increase after the oral load was reduced 
in patients with CRF compared with fasting values. 


Influence of calcium depletion on growth and bone 
histology in experimental uraemia. O Mehls, E Ritz, 
C Gilli, and B Krempien. Heidelberg, West Germany 
The growth of uraemic 90-g rats prepared by sub- 
total nephrectomy on normal calcium diets was 
significantly better than on low calcium diets; 
histological changes of rickets and raised urinary 
CAMP were apparent on the normal calcium diet 
whereas osteotis fibrosa cystica was found on the low 
calcium diet. It was suggested that a similar masking 
of rickets might occur in some uraemic children. 


Endocrine function in dialysed and undialysed children 
with chronic renal failure. N Stahnke, H Kollenrott, 
H Altrogge, and F Blaker. Hamburg, West Germany 
11 children with chronic renal insufficiency (group 1) 
and 10 on intermittent haemodialysis (group 2) 
were studied. High basal levels of growth hormone 
(GH), adenocorticotropic hormone (ACTH), and 
serum insulin (IRI) were found in both groups, with 
reduced triiodothyronine values in group 1. Arginine 
infusion produced a significantly higher GH and IRI 
response, and insulin hypoglycaemia a reduced 
cortisol and ACTH response in group 1 compared 
with controls. After thyroid-releasing hormone 
(TRH) there was a reduced thyroid stimulating 
hormone (TSH) increment, but no change in GH. 
Basal luteinising hormone and follicle-stimulating 
hormone levels were raised. ACTH, cortisol, IRI, 
and blood sugar increased during dialysis but GH 
did not fall and TSH was unaltered. Basal GH and 
IRI and peak IRI correlated with serum creatinine 
and urea, and peak TSH after TRH correlated with 
serum protein and albumin concentrations. Peak 
ACTH after insulin hypoglycaemia correlated 
negatively with serum creatinine. 
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Parathyroid function in uraemic children following 
kidney transplantation. H P Krohn, G Offner, 
R. Hehrmann, M Brandis, and J Brodehil. Hannover, 
West Germany 

Plasma immunoreactive parathyroid hormone (PTH), 
creatinine, calcium, and phosphate were measured 
serially in 19 children undergoing renal trans- 
plantation. PTH decreased rapidly from 68 + 22 to 
15 4+9 x 10* ulEq and correlated with plasma creati- 
nine; no changes in plasma calcium or phosphate oc- 
curred. Acute rejection was associated with a sudden 
increase in PTH before the increase in creatinine. 


Increased risk of renal graft failure in le/le recipients. 
Immunopathological findings. M Levy, M F Gagna- 
doux, R Oriol, and M Broyer. Paris, France 

Lewis antigens types (Le, le) were determined in 93 
transplanted children: 5 were le/le and although the 
donors were not typed it is likely that all were mis- 
matched. Six of 7 grafts in this group failed or now 
function poorly. The risk of graft failure is higher 
(859 in Le/le recipients than in Le recipients (33 27). 
In Le/le recipients the 3 grafts biopsied showed linear 
staining of the glomerular basement membranes 
(GBM) with anti-IgG and 3 children had circulating 
GBM antibodies. This has not been found in Le 
recipients. The importance of the Lewis system for 
kidney graft survival was stressed. 


Oxalosis in end-stage renal failure. Study of 6 cases. 
M F Gagnadoux and M Broyer. Paris, France 

Five children with oxalosis aged 4 to 13 years have 
been managed by regular haemodialysis and 2 of them 
have received cadaver donor transplants. Severe 
disabling bone disease occurred in all children, with 
multiple fractures in 3. Bone biopsy showed massive 
accumulation of oxalate crystals and hyperpara- 
thyroidism. Pyridoxine and magnesium were given 
after transplantation, but one graft failed from 
oxalosis at 6 months whereas the other was func- 
tioning well despite nephrocalcinosis at 2 years 
when the child died from nonrenal causes. 


Chlorambacil treatment in idiopathic nephrotic 
syndrome. L Calli, M D J Nieto, and A Vila. 
Barcelona, Spain 

Chlorambucil at a dose of 0:2 mg/kg per day was 
given for 3 months to 26 prepubertal children with 
minimal change nephrotic syndrome. Steroid res- 
ponsiveness was restored in 11 children who were 
late nonresponders and the subsequent relapse rate 
was halved to 0:5 relapses a year. Good results with 
long-term remission were obtained in early non- 
responders and in children with frequent relapses. No 
gonadal toxicity was found in the 6 children who are 
now pubertal. 


Effect of anticonvulsant therapy on prednisolone 
mefabolism. E D Wolff, F H de Jong, 5 W Schalm, 
and H E Zoethout. Rotterdam, The Netherlands 
Prednisolone half-life (t3) was measured in 3 children 
with renal allografts receiving prednisolone and anti- 
convulsants, and in 3 receiving prednisolone alone. 
The t4 was shorter (88-104 min) in patients on anti- 
convulsants than in those on prednisolone alone 
(147-178 min). Similar results were obtained in 
adults (95-131 v. 189-201 min). It was concluded 
that altered prednisolone pharmacokinetics in 
children on anticonvulsants might have clinical 
implications. 


Abnormalities of lymphocyte function in minimal 
change nephrotic syndrome and focal glomerular 
sclerosis and the i» vitro effect of indomethacin. 
S J Chapman, Z Brown, D G Williams, J S Cameron, 
and C Chantler. London, UK. 

Concanavilin A-induced normal lymphocyte trans- 
formation (LT) was impaired in the presence of 
serum from untreated cases of minimal change 
nephrotic syndrome (MCN) in 7 of 9 in relapse, in 
8 of 12 in remission, and in 7 of 10 with focal 
glomerular sclerosis (FGS). Concanavilin A-LT was 
less than 80% control, and 10 of 16 patients with 
MCN in relapse, and 6 of 7 in remission, and 8 of 18 
with FGS. Phytohaemagglutinin LT was normal but 
pokeweed-induced LT was impaired in 14 of 16 
MCN in relapse, and 4 of 5 in remission, and 8 of 18 
with FGS. Indomethacin improved LT more than 
control in some cases. 


Eye complications of cyclophosphamide and predni- 
solone therapy in children with idiopathic nephrotic 
syndrome. J T Brocklebank, R B Harcourt, and 
S R Meadow. Leeds, UK. 

55 children with idiopathic nephrotic syndrome were 
examined 6—7 years after onset. Half of them had 
received cyclophosphamide, and all had had predni- 
solone (mean total dose 9 g/m*). Opacification of the 
cystic lens was found in 5 children but was pro- 
nounced in only 1; no visual impairment was 
detected. 


Steroid cataract in children with nephrotic syndrome. 
M. Wojnavowski, A Trzebinski, and K Krukowska. 
Warsaw, Poland 

Bilateral subcapsular cataracts (SC) were found in 7 
of 40 children with nephrotic syndrome treated with 
steroids. There was no impairment of vision and no 
subjective symptoms were noted. In 3 children the 
cataracts disappeared. Length of treatment and 
total dose of prednisolone correlated with the 
presence of SC, 
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Irreversible renal failure after indomethacin in 
sterold-resistant nephrosis. C Kleinknecht, M Broyer, 
J B Palcoux, and M C Gubler. Paris, and Clermont- 
Ferrand, France 

30 children with steroid-resistant nephrosis were 
treated with either chlorambucil or indomethacin; 9 
had minimal changes, 14 focal hyalinosis, and 6 
mesangial proliferation with hyalinosis on biopsy. 
Remission rates (4 of 15) were similar in both groups 
but may be not related to treatment as 3 remitted 
after drugs had been stopped. Children with 
nephrotic syndrome after treatment were given the 
other drug. Altogether 6 children entered renal 
failure on indomethacin and none on chlorambucil 
(P 0-02). The outcome was not related to histology. 


Lupus nephritis in children and adolescents. M C 
Morris, S J Chapman, J S Cameron, C Chantler, and 
D R Turner. London, UK. 

25 girls and one boy less than 20 years old with lupus 
nephritis were followed for 5 years (mean 0-5-13). 
Age at onset was 7—19 years. Seven had focal lesions 
on initial biopsy, 3 had membranous changes, and 16 
diffuse proliferative changes. No correlation between 
survival and initial biopsy appearances was found; 
16 had glomerular filtration rates <80 mi/min per 
1:73 m? at onset. Steroids alone or in combination 
with azothiaprin in severe cases were used and 
actuarial 10-year survival was 8397. Infection was 
implicated in all 3 deaths. 


Local infusion of urokinase into renal arteries in 
haemolytic uraemic syndrome. R W A Jones, M 
Morris, M N Maisey, H Saxton, and C Chantler. 
London, UK 

Eight children with haemolytic uraemic syndrome 
(HUS) were treated by infusion of urokinase into 
one renal artery (2-7 days) In no case did the 
treated kidney show persistent improvement com- 
pared with the control kidney as assessed by 
*mTc-DTPA scan (all cases), 9! Tc-DMSA scan (3), 
arteriography (5), or kidney weight after death/ 
nephrectomy (3). It was concluded that local 
infusion of urokinase has no place in the treatment 
of HUS. 


Cryoglobulins in glomerular diseases. E Pirotsky, 
M Levy, and M Boyer. Paris, and Clamart, France 
Cryoglobulins were found in the sera of 21 of 122 
children with glomerulonephritis of various types. 
The cryoprecipitates (CP) contained IgM, IgG, IgA, 
and (C3 in various combinations. Hepatitis-B 
surface antigen and antibody were found in CP 
from 1 patient with membranous nephropathy. 
Staphylococcus albus antigen was not detected in CP 
from 2 patients with shunt nephritis. 
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Circulating immune complexes in glomerular diseases. 
M Popovic-Rolovic, Lj Zivanovic, V Nikolic, and 
N Milosevic-Jovicic. Belgrade, Yugoslavia. 
Circulating immune complexes were sought in sera 
from 50 patients with glomerular diseases. They were 
found in 4 of 9 with steroid-sensitive nephrotic 
syndrome (SSNS) in relapse, in none of 13 with 
SSNS in remission, in 4 of 7 with streptococcal 
glomerulonephritis, in 5 of 5 (intermittently) with 
membrano-proliferative glomerulonephritis, in 2 of 
13 with recurrent haematuria, and in none of 12 
with hereditary nephritis. 


Mesangial cellularity in the nephrotic syndrome. 
RHR White and N Yoshikawa. Birmingham, UK. 
Mesangial cell counts were performed on 56 biopsies 
from children with nephrotic syndrome. Counts 
were higher in children with focal segmental glome- 
rulosclerosis than in children with minimal changes 
or with focal global glomerulosclerosis. The degree 
of cellularity did not correlate with prognosis. 


Renal function after cardiopulmonary bypass surgery 
in children: the role of gentamicin. S P A Rigden, 
M J Dillon, P Kind, M de Leval, J Stark, and 
T M Barratt. London, UK 

Renal function was studied in 21 children under- 
going bypass, of whom 12 received gentamicin. 
Urinary albumin and enzyme excretion increased 
after the bypass in all. Between days 2 and 5 albu- 
minuria and enzymuria were greater in the genta- 
micin group. but indices of glomerular filtration 
rates remained the same. First-day albuminuria and 
enzymuria correlated with peak plasma creatinine 
levels after the bypass. Gentamicin appeared to 
cause tubular rather than glomerular injury in these 
patients. 


Familial hypoplastic glomerulocystic kidneys. A new 
entity? G Rizzoni, C Lorait, M Levy, G Zacchello, 
and H Mathiew. Padova, Italy, and Paris, France 
Two sets of sisters in two families presented at less 
than 1 year of age with renal insufficiency and hypo- 
sthenuria. Hypokalaemia, proteinuria, and glycosuria 
were present in one child. Renal parenchyma was 
reduced with calcyceal abnormalities. Biopsy showed 
multiple glomerular cysts and interstitial fibrosis. 
At follow-up to 13 years a stable reduction in 
glomerular filtration rate was observed and both 
mothers showed similar abnormalities but have not 
been biopsied. 


F VII R: Ag/F VIII: C ratio and beta-thrombo- 
globulin levels in children with haemolytic-uraemic 
syndrome receiving plasma and anti-aggregant agents. 


A. Claris-Appiani, M M Cossu A Edefonti, E 
Fassali, L Ghio, P Mondonico, and E Rossi. Milan, 
Italy 

Four children aged 2-4 years with haemolytic 
uraemic syndrome (HUS) were studied sequentially 
and all eventually recovered. Three were haemo- 
dialysed and received plasma, and all were treated 
with dipyridamole and aspirin. F VIIL: Ag/F VIH:C 
ratios as an index of endothelial damage and beta- 
thromboglobulin levels as an index of platelet 
aggregation and release were raised in the acute 
phase. Normal levels of F VIII:C (one stage)/F 
VIII:C (two stage) as an index of enhanced thrombin 
preduction were found. These data confirm the 
primary role of endothelial damage and platelet 
aggregation in HUS. 


Adaptive mechanisms of renal function during physical 
exercise. J H Ehrich, H G Foellmer, F Krull, and 
H Liebau. Hannover, West Germany 
Cardiovascular, renal, and adrenal function were 
studied in young, healthy men before and after 
strenuous exercise (marching). No increase in 
proteinuria or haematuria was seen; creatinine and 
electrolyte clearances were unchanged. Plasma 
glucose and amino-acids fell while catechol amines 
rose. It was concluded that exercise sufficient to 
produce changes in cardiac and endocrine function 
did not necessarily cause altered renal function. 


Sodium excretion in relation to sodium intake and 
aldosterone excretion in newborn preterm and term 
infants. A Aperia, O Broberger, P Herin, and 
R Zetterstrom. Stockholm, Sweden 

Sodium balance studies were performed in preterm 
and term infants; urinary sodium (Na), potassium 
(K), and aldosterone excretion were measured. Na 
excretion was higher in preterm infants. The corre- 
lation of aldosterone excretion with urinary K/Na 
quotient increased with age and maturity, suggesting 
relative unresponsiveness to aldosterone in very 
immature infants. 


Maturation of renal concentrating capacity in 
children tested with DDAVP. L Monnens and 
Y Smulders. Nijmegen, The Netherlands 

The response to 10-20 ug DDAVP was tested in 86 
children aged between 2 months and 16 years. 
Concentrating capacity increased during the first 
year (maxUosm in mosmol/kg = 577 + 31:7 X age 
in months) but not thereafter. After one year mean 
maxUosm = 990 mosmol/kg, 5th centile value 882. 
A dehydration test gave higher maxUosm values 
than DDAVP. 


Renal handling of sodium and water in infancy and 
childhood: a study using clearance methods during 
hypotonic saline diuresis. J Rodriguez-Soriano, 
A Vallo, G Castillo, and R Oliveros. Bilbao, Spain 
Clearance studies were performed under hypotonic 
saline diuresis in 22 infants (1 week-15 months) and 
17 children (2-12 years) Infants showed reduced 
bicarbonate reabsorption and proximal fractional 
sodium (Na) reabsorption, the latter compensated 
by increased distal Na reabsorption. This suggested 
a degree of functional glomerulotubular imbalance 
in the human infant. 


Effect of tolazoline on renal function in normal and 
hypoxaemic rabbits. S Naujoks and J-P Guignard. 
Lausanne, Switzerland 

The renal effect of tolazoline was studied in normal 
and hypoxaemic anaesthetised rabbits. In normal 
animals, tolazoline increases systemic blood pressure 
and renal vascular resistance, and decreases glome- 
rular filtration rate, effective renal plasma flow, 
water, and electrolyte excretion. Vasoconstriction 
predominates in the cortical vessels. The renal 
hypoperfusion normally induced by acute hypo- 
xaemia is not prevented by tolazoline. 


Maximal capacity to renal growth and development. 
P Wilton, A Aperia, and B Larson. Stockholm, 
Sweden. 

Anatomical and functional growth of the remaining 
kidney was studied in rats unilaterally nephrec- 
tomised (Nx) at 0, 5, and 40 days. Total nephron 
numbers at maturity were the same in all groups and 
in non-Nx controls. Nx animals showed increased 
kidney weight, GFR, and superficial nephron GFR. 
which were greatest ın those animals Nx before 
nephronogenesis was complete (8-10 days). 
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New pathophysiological aspects of renal dysfunction 
in juvenile pyelonephritis, U Berg. Stockholm, 
Sweden 

Renal function was studied in 15 children with 
acute pyelonephritis. Inulin and PAH clearances 
were increased; urinary sodium excretion was 
reduced. Free water clearance was reduced despite 
normal concentrating capacity. Urographic renal 
parenchymal area was increased. It is suggested that 
these changes are due to increased renal blood flow. 


Regional albumin distribution following isosmotic 
albumin volume expansion as a function of develop- 
ment. M Aladjem, D J Goldsmith, B Hacker, and 
A Spitzer. Bronx, USA, and Tel Aviv, Israel 

1257 albumin distribution was studied in isotonic 
albumin expanded puppies aged between 4 and 24 
days. Transcapillary escape rate did not vary with 
age. Most albumin lost from thecirculation was found 
in muscle. Under the conditions of the experiment 
a large amount of albumin was filtered at the 
glomerulus and reabsorbed by the tubule. 


Haemolytic uraemic syndrome, hypertension, and 
renal segmental hypoplasia. R Dumas and P Baldet. 
Montpellier, France 

After a one-year history of polyuria and polydipsia, 
an li-year-old girl presented with severe hyper- 
tension, microangiopathic haemolytic anaemia, 
thrombocytopenia, and uraemia. Medical control of 
the hypertension corrected the blood urea nitrogen 
and haematological values. The hypertension was 
cured by removal of a contracted left kidney which 
showed histological features of segmental hypo- 
plasia (Ask-Upmark kidney). It was concluded that 
malignant hypertension may cause the haemolytic 
uraemic syndrome and acute renal failure. 


Authors’ addresses may be obtained from Dr C 
Chantler or Dr G Haycock, Guy’s Hospital, St 
Thomas Street, London SE] 9RT. 
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A tribute to Douglas Gairdner 


Su, 


I should like to state the feelings of Portuguese paedi- 
atricians about Dr Douglas Gairdner, who came several 
times to Portugal, invited bv the Portuguese Academy of 
Paediatrics. Every time Douglas made an immediate 
integration. He never gave us the impression of a foreign 
scientist giving lectures. He was always interested to hear 
about our problems and his advice was realistic and 
full of experience and common sense. 

Travelling around Portugal he was not a tourist. He 
has the natural capacity of mixing with people and 
participating in local life. Alone by himself he enjoyed 
the happy disorder of 3rd class in Iberic trains, where 
without understanding one single word of the conversa- 
tion, he managed to start contacts and to communicate. 
He had the initiative to search for regional art, to visit 
popular restaurants, to try local food— with obvious 
pleasure—to hear fado with application, to bathe on our 
beaches, and to live every moment as if he were born 
here. 

This human quality makes Douglas the best paediatric 
ambassador that ever came to Portugal. 


J M. RAMOS DE ÁLMEIDA 
President, 

Sociedade Portuguesa de Pediatria, 
Clinica Pediátrica Universitáría, 
Hospital de Santa Maria, 

Lisbon, Portugal 


Medicines cause decayed teeth 


Sir, 

As a dentist concerned in arranging provision of dental 
care for chronically ill children, I am worried about the 
effect of sugar-containing medicines on their teeth. One 
of the most important factors in the aetiology of dental 
decay is frequent ingestion of sugar. Short-term use of 
sugar-based paediatric medicines will cause minimal 
damage but prolonged use may cause serious dental 
disease.! This is particularly unfortunate in chronically 
ill children in whom dental sepsis or the need to extract 
teeth may create a serious hazard to general health. 

The long-term and most effective method for over- 
coming this problem would be for the pharmaceutical 
industry to substitute artificial sweeteners or other flavour- 
ing agents that do not cause decay. Every effort should 
be made to encourage the industry to act in this matter. 
In the meantime there are steps which paediatricians 


dum * 


might be prepared to take which would reduce the 
incidence of medicine-induced dental decay: 

(1) Whenever possible prescribe medicine to be taken at 
meal times rather than between meals or at bedtime. 

(2) When it is essential that medicine be taken at bedtime, 
tooth brushing afterwards may help to reduce the extent 
of the damage. However, this is of limited benefit as the 
toothbrush bristles do not remove sugar-containing 
plaque from the 1naccessible areas where decay develops. 
(3) Prescribe the drug in some other form (for example 
tablets) as soon as this is acceptable to the child. A list 
of preparations suitable for children, with and without 
sugar, is available from the Area Pharmaceutical Officer, 
West Sussex Área Health Authority, Courtlands, Park- 
lands Avenue, Goring, Sussex BN12 4NQ. 

I should like to make a plea that paediatricians con- 
sider this problem when prescribing for children. It is 
unfortunate that medicines used to treat one disease may 
be causing others to develop in different parts of the 
bodv, thus causing pain or even more serious con- 


sequences. 
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Xanthines and necrotising enterocolitis 


Sir, 

Xanthine derivatives have been shown to be useful in the 
management of neonatal apnoea.! We report 3 cases of 
necrotising enterocolitis (NEC) in children receiving 
oral xanthines. 


Case 1 

A 920-g 28-week gestation boy, who had been previously 
well, developed apnoea on day 21. The apnoeic attacks 
responded to oral theophylline 3 mg/kg 6-hourly which 
was continued until day 31 when NEC developed. 


Case 2 

A 960-g 27-week gestation girl had severe respiratory 
distress needing ventilatory support until day 17. Intra- 
venous aminophylline followed by oral theophylline were 
administered and NEC developed on day 30. 
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Case 3 

A 1260-g 28-week gestation boy required resuscitation at 
birth. Aminophylline was given initially intravenously, 
and then by mouth for apnoeic attacks which started on 
day 12. NEC developed on day 30. 


Although these infants had overcome problems which 
have been associated with NEC, they were clinically 
stable for at least one week before the development of 
abdominal distention and bloody diarrhoea. Consider- 
able debate surrounds the role of anaerobic organisms?-? 
and intestinal ischaemia* in the aetiology of NEC. The 
association between NEC and xanthine derivatives has 
not been reported, and we wonder whether this treatment 
contributed to the development of NEC. Theophylline 
has been shown to relax Taenia coli* and selectively to 
antagonise the effects of adenosine triphosphate (ATP) 
on the intestine. There is evidence that ATP 1s a neuro- 
transmitter in the myenteric plexus? and local ATP 
inhibition may result in reduced gastrointestinal motility. 
Reduced motility leads to increased replication of intra- 
luminal bacteria.5 We suggest that NEC may be due to 
bacterial overgrowth associated with the reduced motility 
which follows either asphyxia or treatment with xanthine 
derivatives. 

Little is known about the effects of these agents on 
gastrointestinal motility in the neonate, and further work 
is needed. We should be interested to learn of the ex- 
perience of others 1n this context. 
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Book reviews 


Paediatric Cardiology. Volume 2. Heart 
Disease in the Newborn. Edited by M J 
Godman and R M Marquis (Pp. 432; 
illustrated + tables. £20-00 hardback } 
Churchill Livingstone: Edinburgh. 1979. 


This book provides a record of an inter- 
national symposium on neonatal cardio- 
logy held in Edinburgh. Each speaker was 
an expert on his particular subject, and 
as much time was allowed for discussion 
as for each paper. The book has been 
well edited and the discussion highlights 
the problems and suggests possible ways 
of resolving them. It is essential reading 
for all paediatric cardiologists and cardiac 
surgeons, and it contains a great deal 
that will interest neonatal paediatricians— 
in particular the chapters on persistent 
fetal circulation. the ductus arteriosus and 
its pharmacological manipulation, conduc- 
tion disturbances and arrhythmias, and 
the use and dangers of digoxin. Also, 
the management of transposition of the 
great arteries, coarctation of the aorta, and 
total anomalous pulmonary venous drain- 
age are important reading for the neonato- 
logist, as earlier diagnosis and referral has 
been an important factor in the improved 
results in these lesions. There is a good 
chapter on the increasing value of echo- 
cardiography in this age group. There are 
many good diagrams and electrocardio- 
grams and only a few of the angiocardio- 
grams have not reproduced well, and 
there is a good selection of recent 
references. This book is highly recom- 
mended to neonatal paediatricians and 
paediatricians in training, as well as to 
paediatric cardiologists. 

OLIVE SCOTT 


A Practical Guide to Pediatric Intensive 
Care. Edited by Daniel L Levin, Frances 
C Morriss, and Gerald C Moore. (Pp. 


499; illustrated -+ tables. £12.75 paper- 
back.) Mosby: St Louis. 1979. 


Paediatric intensive care 1s one of the 
newest subspecialties of paediatrics and 
one that 1s rapidly expanding. The stated 
purpose of this book 1s to enswer questions 
of house and nursing staff It is intended 
to be comprehensive, except for major 
trauma and burns. It 1s divided into three 
parts: system failure, common problems, 
and equipment and techniques. Physiology 
and monitoring management are em- 
phasised. Each part contains a large 
number of small chapters, a few pages 
long. For example, system failures con- 
tain such subjects as cerebral death, 
respiratory failure, and temperature regu- 
lation; specific problems include such 
titles as persistent pulmonary hyper- 
tension of the newborn, sepsis, and 
necrotising enterocolitis. Inevitably there 
is some overlap, but this has skilfully been 
kept to a minimum and does not make 
tedious reading. 

In a practical manual such as this a 
good index is vital, this aspect was dis- 
appointing. For example potassium ab- 
normalities must be a common finding in 
an intensive care unit, but the index 
contains only 2 references ‘Potassium in 
Reye's syndrome' and 'Potassium per- 
manganate'; there 1s not even a cross 
reference to hyperkalaemia. 

This book achieves its atm remarkably 
well. I think that it would be used ex- 
tensively by residents, registrars, and 
nursing staff working in areas where sick 
children are nursed. In this country, 
except for the intensive care facilities 
attached to special care baby units (and 
even here there is marked inadequacy), 
there is a dearth of paediatric intensive 
care units of the type referred to in this 
book. Nevertheless, it should also find a 
place in adult units where children are 
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also nursed, and help those staff to giv 
optimum care. 

In intensive care practice there ar 
bound to be disagreements on actue 
methods of management. However, al 
though in many paediatric units the basi: 
for fluid management 1s by weight som: 
units, especially cardiothoracic ones, us: 
body surface area. I think, therefore, tha 
there should be a mention of the relation: 
ship somewhere in the text. There is taci 
recognition of this as a table, giving 
recommended figures for maintenance o' 
fiuid, divides the patients into ex 
weight groups, up to 10 kg, 11 to 20k 
and over 20 kg with different fluide 
regimens for each weight group. 

J would recommend this useful book 
which at current day values is realistically 
priced. 

MICHAEL JOSEPH 


Shorter notice 


Paediatric Chemical Pathology. Clinical 
Tests and Reference Ranges. By Barbara 
E Clayton, Peter Jenkins, and Joan M 
Round. (Pp. 164; illustrated -- tables. 
£5.25 paperback) Blackwell Scientific: 
Oxford. 1980. 


This is a pocket-sized book which deserves 
to find a place 1n the office or on the book- 
shelf of every children's ward, outpatient 
clinic, and pathology department. It 
contains brief details of about 100 
chemical pathology tests, and includes 
up-to-date ‘normal’ standards for age. 
For each investigation the method is 
briefly described and the established 
ranges are given, together with an ex- 
planatory note and reference for further 
detail. 
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Editorial 


Children and lead: some remaining doubts 


Three questions about environmental lead and its 
possible effects on children have perplexed and 
worried paediatricians (and the wider public). 
Firstly, does an increased amount of lead in the body, 
short of that necessary to cause frank symptoms and 
signs of lead poisoning, nevertheless have adverse 
effects on children's intelligence and behaviour? 
Secondly, what is a safe amount of lead in the blood ? 
Thirdly, does the lead from petrol fumes make an 
important contribution to the body lead of urban 
children, sufficient to have adverse effects ? 

Two recent reports summarise the available 
evidence on these questions. Lead and health! is the 
report of the DHSS Working Party on lead in the 
environment, which was set up 'to review the overall 
effects on health of environmental lead from all 
sources, and in particular, its effects on the health 
and development of children, and to assess the 
contribution lead in petrol makes to the body 
burden'. The report is careful, clear, and thorough— 
the working party studied nearly 3000 published 
papers. The second important publication is a 
review by Professor Michael Rutter? of the evidence 
that raised lead levels may affect children's cognitive 
functioning and behaviour. Rutter was a member of 
the DHSS Working Party, to whom his review was 
submitted as a working paper. He has a superb 
ability to analyse critically the conflicting data on a 
subject of this nature. 

Since the subject of children and lead has become 
so controversial, we have decided to summarise some 
of the important conclusions of these comprehensive 
and authoritative reports, to indicate some remaining 
areas of doubt, and to encourage our readers to study 
the reports themselves. 


Do small increases of body lead affect intelligence and 
behaviour? 


"The possibility that exposure to lead at levels below 
those producing symptoms of poisoning can result in 
impaired intellectual functioning and related 
problems' (in children) was one of the main concerns 
of the working party, and Rutter's review is entirely 
devoted to this question. It is a difficult one to answer, 
for methodological reasons which are well dealt 


with in both reports. There are problems in measuring 
chronic exposure to lead, and in measuring 
behaviour; and children with high body lead contents 
frequently suffer from other adverse social and 
environmental circumstances whose effects may be 
difficult to disentangle from those attributed to lead. 
These difficulties have long been recognised, and 
because of them most of us were sceptical of the 


numerous reports suggesting that moderately 
raised body lead levels caused intellectual or 
behavioural impairment, until the study of 


Needleman and his Boston colleagues? appeared. 
This showed that children with relatively high 
amounts of lead in the dentine of their shed deciduous 
teeth—which was thought to be a measure of 
long-term lead exposure—had slightly lower intelli- 
gence and more disturbed behaviour than children 
with less lead in their teeth. Both the working party 
and Rutter gave particular attention to the Boston 
tooth study, confirming that it is the most important 
evidence so far of a possible link between moderate 
body lead burdens and neuropsychological impair- 
ment, but indicating that it is not free of methodo- 
logical problems. It is also difficult to equate the 
dentine levels in this study with the more familiar 
measurements of blood lead levels. 

Neither report is able to draw a firm conclusion 
about whether moderately increased body lead 
burdens, insufficient to cause obvious poisoning, may 
cause psychological impairment. If the numerous 
studies are taken at face value, ignoring the methodo- 
logical criticisms, more of them suggest that there is 
such an adverse effect than not. The working party 
have summarised this in a diagram which shows that 
13 out of 19 matched studies of groups of children 
suggested some lowering of intelligence in the higher 
lead group, usually by about 5 points in IQ. On the 
other hand, both Rutter and the working party 
emphasise that these studies do not show the dose / 
effect relationship which might be expected if the 
increased lead burden were really having adverse 
psychological effects. 

Though the working party has evidently drawn 
heavily on Rutter’s paper, one detects a slight 
difference of emphasis in the way their conclusions 
are put, Rutter being occasionally more inclined to 
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acknowledge a possible effect of lead where the 
working party will simply say ‘not proven’. Both 
advocate more and better research, the working 
party pointing out that most of the relevant studies 
have not been carried out in the UK. 


Do UK children have too much lead in their blood? 


The working party give data on current blood lead 
levels which are generally reassuring. Since an EEC 
directive in 1977, blood lead surveys were carried 
out in the UK in adults from urban areas and in 
children particularly likely to be exposed to lead. 
(One wonders, incidentally, if the part of this very 
useful study which made blood lead measurements 
on children required ethical approval. An EEC 
directive should not override the need for this.) 
Most of these surveys (including those among 
children of lead workers or living near very busy 
roads) showed blood levels well within the distribu- 
tion regarded as acceptable by the EEC directive,* 
the great majority being below 20 ug/100 ml (0:97 
umol/l). This suggests that there is no cause for 
alarm about inapparent lead poisoning being 
widespread among our children. However it does not 
necessarily justify complacency about environmental 
lead. If the studies referred to in the previous section 
really do indicate an association between moderately 
increased body lead and impaired psychological 
functioning—and this is certainly open to doubt—it 
is difficult to define a safe upper limit for blood lead. 
The Boston tooth study might suggest that it is even 
lower than 30 ug/100 ml (1-45 umol/l). The opening 
paragraph of the working party report indicates that 
lead is a toxic substance which has no known 
physiological function (the Archives has yet to report 
the first case of hypoplumbism), and therefore the less 
lead there is in the blood the better. 


What should we do about lead in petrol? 


Lead is added to petrol to increase its octane 
rating—that is, its efficiency as a motor fuel. In 1978 
the petrol used in the UK contained 10 300 tonnes of 
added lead, of which about 7000 tonnes were emitted 
in exhaust fumes. The question of whether this lead 
may damage children's health and behaviour has 
been one of the most bitterly controversial aspects of 
the lead debate. 

The working party analyse with great care and 
much numerical detail the various contributions to 
the daily intake of lead for people of different 


*The 1977 EEC directive required that 50% of the group 
examined should have blood lead levels not exceeding 
20 ug/100 ml, 90% levels not exceeding 30 ug/100ml, and 
98 ?/ levels not exceeding 35 u.g/100 ml. 


ages and in different environments. The calculations 
suggest that the average city child derives 55-95 % of 
his blood lead from food, 0-40% from water, and 
only 3-10% from the air. Inhaled lead therefore 
appears relatively unimportant. Few people are 
likely to be exposed to long-term average concentra- 
tions of lead in the air above 1 ug/m?, and a typical 
urban background value would be about 0-5 ug/m?. 
The EEC directive regards levels up to 2 ug/m? as 
acceptable, and studies suggest that exposure to an 
average concentration of 1 ug/m? in the inspired air 
only raises blood lead levels by about 2 wg/100 ml 
(0-1 u.mol/l). 

However, there are again some doubts which the 
working party report may leave in the mind of 
the nonexpert reader. For most people in the UK, the 
main source of lead intake is food. The working 
party does not identify where this lead comes from, 
and though they do not believe airborne lead makes 
a substantial contribution, by settling on growing 
crops or on soil, they acknowledge the lack of 
quantitative data on this point. In the absence of 
such data, some may continue to suspect a connection 
between the 7000 tonnes of lead which disappear each 
year from petrol fumes to an unknown destination, 
and the lead which appears in food from unidentified 
sources to constitute the major human intake of this 
substance. There are similar uncertainties about the 
sources of lead in indoor and outdoor dust, which 
may be ingested from children's hands even in the 
absence of obvious pica. 

A further cause for doubt is that two studies cited 
bv the working party—from New York and from 
Australia—suggest a closer relationship between the 
amount of lead in air and the blood lead levels of 
children than would be expected from the calcula- 
tions quoted above. 

Though the working party's answers to the 3 
questions asked in this Editorial are reasonably 
reassuring, in each case there are some remaining 
doubts. Many, relying as much on instinct as on 
evidence, will share the view of the speaker? at the 
1980 BPA Meeting who asked ‘Isn’t it time we took 
the lead out of petrol?'. The working party must be 
right to give priority to removal from old houses of 
paint containing lead, and to a reduction of lead in 
tap water in those areas where plumbosolvent water is 
drawn through lead pipes. However, their conclusion 
that steps should be taken progressively to reduce 
emissions of lead into the air from petrol also 
deserves wide paediatric support. 
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James Spence Medallist, 1980 


James Mourilyan Tanner 


James Tanner spent much of his childhood abroad, 
in the baggage train of the British Army; when he 
was 9 years old the family returned to their home in 
east Devon and he began his schooling. He attended 
Marlborough College from 1934 to 1938 on a 
scholarship reserved for the sons of Army officers. 
Having specialised first in modern languages and 
then in mathematics and engineering, he found 
himself ill-equipped when at 17 he decided on a 
career in medical research. After a 6-month pre- 
medical course at the University of Exeter (then the 
College of the South West) he reached medical 
school in 1939 by means of a scholarship for 
athletics: this was at St Mary's Hospital (London 
University). In 1941 he went to the USA in the first 
batch of war-time Rockefeller students; he took 
most of his clinical course in Philadelphia at the 
University of Pennsylvania, and interned on the 
Osler medical service at Johns Hopkins Hospital. 

At St Mary's, Professor A St G Huggett had 
initiated him (as he initiated Kenneth Cross, last 
year's James Spence Medallist) into physiological 
research work and in Philadelphia, under Professor 
Isaac Starr, Tanner undertook his first serious re- 
search which led to a paper entitled ‘The construction 
of normal standards for cardiac output in man.’ After 
Johns Hopkins, he returned to London, completed 
his English qualification, and served as junior 
medical officer in the Emergency Medical Service at 
the war-time Maudsley Hospital at Mill Hill, 
working on the physiology and psychiatry of effort 
syndrome (the soldier’s heart). He was subsequently 
junior psychiatrist at the Prisoner-of-War Rehabilita- 
tion Unit at Dartford, Kent, under Dr Maxwell Jones. 

In 1946 he joined the Department of Human 
Anatomy at Oxford where, at the suggestion of 
Professor Le Gros Clark, he initiated a course on 
growth in children. This led to an invitation from 
Dr E R Bransby of the Ministry of Health to 
organise a long-term longitudinal growth study at 
Harpenden. He returned to London and taught 
endocrinology in the Sherrington School of Physio- 
logy at St Thomas’s Hospital where he became 
increasingly concerned with child growth. In 1948 he 
was joined by R H Whitehouse and their association 
has lasted to the present time. 


His long connection with the Institute of Child 
Health started in 1951 when Sir Alan Moncrieff 
invited him to give a lecture on the growth of 
children in the British Postgraduate Federation 
Lecture Series: this lecture was the basis on which 
Growth at adolescence was written a few years 
later. In 1956 Dr Frank Falkner, who ran the 
longitudinal growth study started by Moncrieff at 
the Institute of Child Health, left for America and 
Tanner and Whitehouse moved over to the Institute 
where they eventually established a full-scale depart- 
ment of growth and development with financial 
help from the Nuffield Foundation. A few years 
later, encouraged by Dr George Newns, he returned 
to clinical work and started a growth disorder 
clinic in The Hospital for Sick Children. Here the 
expertise acquired in studying the normal was used 
to monitor the growth of children with disturbances, 
especially those with growth hormone deficiency, in 
the treatment of which the clinic played a pioneering 
and prominent role. 

In 1966 he was designated Professor of Child 
Health and Growth at the Institute of Child Health, 
and the chair was made an established one by the 
University of London in 1977. He has always been a 
strong champion of the science of human biology; in 
1958 he was one of the founder members of the 
Society for the Study of Human Biology, and is 
currently one of the editors of its journal Annals of 
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Human Biology. Many of his own publications have 


been in Archives of Disease in Childhood, where his ` 


studies on growth standards have appeared from 
1952 up to the present day. 

In presenting the James Spence medal to Professor 
Tanner at the annual general meeting of the British 
Paediatric Association at York on 17 April 1980, 
the President, Dr G M Komrower, spoke the follow- 
ing citation: 

*Members of the Association and friends, may I 
present to you James Mourilyan Tanner, this year's 
James Spence medallist. This is the highest award 
the Association can make, and it is given for 
outstanding contributions to the advancement and 
clarification of paediatric knowledge. It is of 
interest to note that for the second successive year 
the medal has been given to someone working 
outside but alongside paediatrics, who was a 
student at St Mary's Hospital and a first class 
athlete. 

"There are three factors that have made today's 
award possible: the first is Jim Tanner's fortuitous 
entry into medicine. In Sybille Bedford's biography 
of Aldous Huxley she mentioned Jim Tanner as one 
of the young men of the 'thirties who was greatly 
influenced by Huxley's writings. She has recently 
written to me that he was destined for the Army, a 
traditional family career, but gave this up and finally 
chose medicine. The second was Alan Moncrieff's 
foresight in taking him from the department of 
physiology at St Thomas's Hospital where he was 
working with Professor Barcroft and where he 
initiated the Harpenden Longitudinal Growth Study, 
to bring him to the Child Study Centre at the 
Institute of Child Health, where Jim subsequently 
established a department of growth and develop- 
ment. The third was Tanner's teamwork with Reg 
Whitehouse, which started at St Thomas's. This 
proved to be an excellent partnership; when one 
thinks of similar partnerships that have been 
outstanding in their particular walks of.life, the 
names of Gilbert and Sullivan and Marks and 
Spencer come to mind, but the nearest that I could 
get was Rolls and Royce, who produced something 
that has been quite outstanding in the motor engine 
industry. Whitehouse, with his attention to detail and 
his precise measurement, and Tanner, with his 
flair and energy, together have introduced and then 
developed the science of auxology. Jim Tanner 
brought a new dimension into paediatrics, that of 
measurement, and coupled with this a great deal of 
work on other facets of growth such as his human 
growth hormone studies. He did this while developing 
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his own unit for which he personally had to obtain 
considerable financial assistance. 

*Unfortunately, I have not had the opportunity to 
know Jim Tanner let alone to work with him; 
nevertheless one gets a feeling of great intellectual 
energy as in addition to the hard work required for 
the promotion of his research, he has written scores 
of scientific papers and a number of books which 
have been published in many languages. I under- 
stand that he 1s a man difficult to know, and a hard 
taskmaster, but the discipline and precision in his 
unit has reaped its reward in that his department has 
produced a number of professors and readers in 
endocrinology, human biology, growth and develop- 
ment, as well as in cell biology. He also has seen the 
increasing activity of two general practitioners in the 
family—his wife and son. 

‘Jim Tanner is an extremely versatile individual, in 
addition to his sporting and intellectual activities he 
now is becoming an authority on agricultural 
equipment, and in his country cottage on the borders 
of Devon and Somerset is interested and enquiring 
into fish farming and solar energy. It would appear 
that as in his professional life, he intends to be 
self-sufficient in his retirement. As I indicated I have 
had to obtain my knowledge from his friends, and 
the enthusiasm and sincerity of their comments has 
been very exciting. The quality of Jim Tanner's work 
is admired and respected by paediatricians the world 
over and it is for this reason that I am privileged to 
present to him on your behalf this James Spence 
medal.’ 


James Spence Medallists 


1960 Professor A A Moncrieff 
1961 Professor R A McCance 
1963 Sir F Macfarlane Burnet 
1964 Professor L S Penrose 
1965 Dr Cicely D Williams 
1967 Professor R R A Coombs 
1968 Dr Mary D Sheridan 

Dr D W Winnicott 
1969 Dr G S Dawes 
1970 Professor D V Hubble 
1971 Dr W W Payne 
1972 Dr R C Mac Keith 
1973 Professor C À Clarke 
1974 Dr J Bowlby 
1976 Dr D M T Gairdner 
1977 Professor R S Illingworth 
1978 Dr S D M Court 
1979 Professor K. W Cross 
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Hyaline membrane disease and intraventricular 
haemorrhage in small for gestational age infants 


RENATO S PROCIANOY, JOSEPH A GARCIA-PRATS, JAMES M ADAMS, 
ABRAHAM SILVERS, AND ARNOLD J RUDOLPH 


Department of Pediatrics and Department of Medicine, Baylor College of Medicine, and 
Neonatology Service of the Texas Children's Hospital, Houston, Texas 


SUMMARY 19 small for gestational age (SGA) infents with gestational ages «32 weeks were 
matched with 19 appropriate for gestational age (AGA) preterm neonates with similar risk factors 
for intraventricular haemorrhage and hyaline membrane disease. Gestational age, 1- and 5-minute 
Apgar scores, type of delivery, survival rate, use of corticosteroids before delivery, sex, twinning, 
presence of premature rupture of membranes, and birth date were comparable in the two groups. 
Gestational age of both groups was 30 (+1-8) weeks, and birthweights were 919 (+ 202) g (SGA 
group) and 1268 (+ 212) g (AGA group). The incidences of hyaline membrane disease and intra- 
ventricular haemorrhage were different: 74 and 42% respectively for AGA neonates, 5 and 11% 
respectively for SGA infants. We suggest that a stressful environment in utero may enhance matur- 
ation and prevent hyaline membrane disease and intraventricular haemorrhage. 


Hyaline membrane disease (HMD) and intra- 
ventricular haemorrhage (IVH) are common in very 
low birthweight infants and occur in association, 
except in very immature neonates-*? Necropsy 
studies suggest that HMD affects primarily appro- 
priate for gestational age (AGA) infants, ® whereas 
it is uncertain whether IVH is more common in 
these same AGA babies.* Early neonatal morbidity 
differs in AGA and small for gestational age (SGA) 
infants as a result of the different problems occurring 
in each group.® The future neurological outcome of a 
very low birthweight infant also appears to be deter- 
mined by the presence or absence of ['VH.*-* There- 
fore, it would be useful to know which babies are 
likely to be at high risk for IVH. 

This retrospective study was performed to deter- 
mine whether there is a difference in the occurrence 
of IVH and HMD in SGA infants of very low 
birthweights compared with AGA infants of very 
low birthweights with similar risk factors. 


Materials and methods 


Our study group comprised 239 infants weighing 
«1500 g, gestational age <32 weeks, admitted from 
January 1976 to June 1978 to the neonatal intensive 
care unit at Texas Children's Hospital in the first 
24 hours of life. Of that group, 19 were classified as 
SGA based on birthweight <10th centile on the 


intrauterine growth curve. The remaining 220 were 
classified as AGA? (Table 1). 

The following data were abstracted from charts of 
babies enrolled in the study: birthweight, gestational 
age, type of delivery, sex, 1- and 5-minute Apgar 
scores, use of corticosteroids before delivery, pro- 
lorged rupture of membranes for more than 24 
hours, and presence or absence of HMD and IVH. 
Gestational age was determined by maternal dates 
and physical assessment.i? If physical criteria 
differed from the maternal dates by more than 2 
weeks, the clinical assessment was used. The 
diagnosis of HMD was based on the presence of an 
expiratory grunt, chest wall retractions, oxygen 
requirements of Fyo, 0:5 or greater, the presence of 
a reticulogranular pattern on chest x-ray, a clinical 
course compatible with HMD, and necropsy data. 
IVH was diagnosed clinically by the presence of 
seizures, apnoea, sudden cardiovascular collapse, 
and sudden drop in haematocrit; it was confirmed 
by full fontanelle, bloody cerebrospinal fluid which 
did not clear, and posthaemorrhagic hydrocephalus, 
and by computerised tomography (CT) scan during 
the acute phase of the IVH (first 10 days of life), and 
necropsy data. All SGA infants were normal by 
physical examination except for the problems related 
to prematurity. Congenital infections were ruled out 
clinically and by laboratory studies. 

To determine if an association existed between the 
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occurrence of HMD or IVH. and the birth groups 
AGA and SGA, the entire AGA and SGA groups 
were included initially in the comparison. However, 
there are large imbalances between AGA and SGA 
infant groups in the distribution of risk factors for 
HMD and IVH, and these imbalances could 
account for a significant association. To correct for 
the inequity in distribution, a matching scheme was 
devised. Each of 19 SGA infants was matched to a 
AGA infant with matching variables that are known 
to be risk factors for IVH and HMD. The selection 
was based on comparable gestational age, Apgar 
scores at 1 and 5 minutes, type of delivery, survival, 
use of corticosteroids 24-hours before delivery, sex, 
twinning (twin A with twin A; twin B with twin B), 
prolonged rupture of membranes, and birth date. 
The matching system was based on analysis of the 
risk factors for development of HMD!” and IVH.'? 
Proximity of birth date was included in the system 
to avoid the influence of different managéments on 
the occurrence of IVH. l 
Statistical analysis of the data was performed by 
using Student's ! test and y? analysis where indicated. 


Results 


A general description of the whole population is 
given in Table 1. Table 1 shows that an AGA infant 
appears to have a higher risk for IVH and HMD. 
For the whole AGA population the survival rate was 
65% with an occurrence of HMD and IVH of 51 
and 44% respectively. The incidence of IVH before 
routine use of CT scan was 43 %. With the use of CT 
scan for diagnosis of IVH a similar incidence 
(45 92) was recorded. 

The mean birthweight of AGA infants was greater 
than that of the SGA group at the same gestational 
age. However, 1- and 5-minute Apgar scores, type 
of delivery, twinning, survival rate, presence or 
absence of prolonged rupture of membranes, and 
sex were comparable between the two matched groups 
(Table 2). The survival rate was 89% in both groups. 
The pregnancy complication rate of the SGA infants 
was higher than that of the AGA group. In the 


Table 1 Data of study population 


Appropriate for Small for 

gestational age gestational age 

(n= 220) (n—19) 
Gestational age (weeks)* 28 8+1 9 30 +1 8 
Birthweight (g)* 1103 + 235 919 + 202 
HMD 110 (51%) 1 (65%t 
IVH 97 (44%) 201%) t 
Survival 143 (65%) 17 (89%) 


* Mean + SD. t P<0 001 


Table 2 Data of study patients 


Appropriate for Small for 
gestational age gestational age 
(1-19) (1-19) 
Gestational age (wecks)* 30+1-3 30+1 8 
Birthweight (g)* 1268 +212T 919+202 
Apgar score 
I minute* 5 242.3 5 242.2 
5 minutes* 7-141 4 6 6-20 
Sex 
Male 10 ÍI 
Female 9 8 
Black 6 5 
White 13 13 
Others 0 1 
Premature rupture of 
membranes 7 5 
Type of delivery 
14 14 
Cacsarcan section 5 5 
Singleton births 16 16 
Twins 
Twin A 3 3 
Twin B 0 0 
Corticosteroids given before 
delivery 2 
Outcome 
Survivors 17 17 
Deaths 2 2 


* Mean + SD. f P<0-001. 


Table3 Occurrence of hyaline membrane disease (HM D) 
and intraventricular haemorrhage (IVH) 





Appropriate for Small for 
gestational age gestational age 
(n= 19) (n=19) 
HMD 14 (74%) 15%) (P <0 001) 
IVH 842%) 2 (1145 (P 0-05) 





SGA group these were: pre-eclampsia (4), chronic 
hypertension (1), discordant twins (1). 

In the matched groups the occurrence of HMD and 
IVH was 74 and 42% respectively, whereas in the 
SGA group this was 5 and 11% (Table 3). Statis- 
tically, these figures were different. 

Discussion 

The usual occurrence of HMD has been reported as 
4697 in infants <32 weeks’ gestational age!’ 
whereas for IVH it is 43% in infants with birth- 
weights <1500 g.14 92% of all IVH in premature 
infants is reported in babies x32 weeks’ gesta- 
tional age. Our series gave the same figures. When 
we analysed our whole population (AGA + SGA 
infants) the presence of HMD was 47% and that 
of IVH 41%. 

In a previous study we found that the presence 
of HMD and IVH differs according to maturity of 
the infants.2 In the more mature AGA preterm 
infants (birthweight 1001-1500 g) the occurrence 
of HMD is an important factor associated with the 
presence of IVH. However, in the very small AGA 
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infants (birthweight <1000 g) immaturity over- 
shadows any other factor.-? It was suggested by 
Gluck and Kulovich!* that certain maternal diseases 
—8uch as pre-eclampsia, hypertensive renal disease, 
and diabetes class D, E, and F—accelerate lung 
maturity. This finding suggested the possibility that 
in SGA infants there may be a lower incidence of 
HMD and consequently a lower incidence of IVH. 

The comparison between the whole AGA group 
and the small sample of SGA infants was made more 
difficult by the imbalance in risk factors between 
both groups. Furthermore. the whole AGA group 
had a lower mean gestational age. A matching 
system following rigid criteria was used to deal 
with such inequities. Known risk factors from other 
studies for HMDH and IVH™ were selected to be 
used for matching criteria. The resulting two groups 
were comparable in gestational age and risk for 
development of HMD and IVH. We are aware that 
our sample is small. 

From our data we suggest that the likelihood of 
HMD and IVH in SGA infants x 32 weeks’ gesta- 
tional age is Jower than in a control AGA infant 
group with similar risk factors. Intrauterine stress 
to the fetus in abnormal pregnancies may accelerate 
lung maturity? It is also known that the ad- 
ministration of corticosteroids to pregnant women 
before a premature delivery matures fetal lungs? 
However, it is not well established whether endo- 
genous cortisol prevents HMD.!? The role of other 
hormones in the occurrence of HMD has been 
investigated also. At present we are not aware of 
biochemical data, obtained at brth, which may 
reflect the stressful environment experienced by SGA 
infants and its relationship with presence or absence 
of HMD. A clinical study has demonstrated that 
infants with accelerated lung maturity (measured by 
L/S ratio) have accelerated neurological maturity at 
birth.™ Impaired autoregulation of the cerebral 
circulation has been suggested as an important 
finding in the occurrence of IVH in distressed pre- 
term infants. ® We suggest that AGA infants 
could have a more immature autoregulation of the 
cerebral circulation than SGA infants. Patho- 
logical information comparing central nervous 
system maturity—that is, decreased germinal matrix 
or evidence of increased vascular integrity—between 
SGA and AGA infants is not available. An anatomi- 
cal difference may also be a determinant in the 
pathogenesis of IVH. 

Thus, our study suggests that an SGA infant with 
the same risk factors for HMD and IVH as an AGA 
infant has a lower probability of developing these 
clinical entities. However. it does not determine 
whether a cause-effect relationship exists between 
HMD and IVH. 
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Commentary 


JS WIGGLESWORTH 
Hammersmith Hospital, London 


At first glance the results of this interesting study 
appear to conflict with the findings of several 
previous authors that babies dying with IVH tend 
to be small for gestational age (SGA). Careful 
examination of the data presented in this paper 
suggests that the conflict with studies based entirely 
on necropsy findings may be more apparent than 
real. 

The authors have established clearly that their SGA 
group had a significantly lower incidence of both 
HMD and IVH than the AGA infants, and that 
these differences persisted when the SGA infants 
were compared with a subgroup of AGA infants 
matched for gestational age and other risk factors 
for IVH. However, at the mean gestation of 30 
weeks recorded in the matched study groups, the 
hypoxia and hypercapnia associated with develop- 
ment of HMD may of themselves represent the most 
important 'risk' factors causing loss of auto- 
regulation with resultant cerebral hyperperfusion 
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and IVH.? IVH is seldom found at necropsy in 
infants without HMD born at a gestational age of 
30 weeks or more.* From the analyses presented it 
is thus not possible to tell whether the low incidence 
of IVH in the SGA group was purely a consequence 
of biochemical maturation of the lungs by prenatal 
stress, or was related in part to a concomitant 
advance in maturation of structure or autoregu- 
latory function in the brain. 

In addition, the limitation of analysis to infants 
«1500 g birthweight has excluded from the study 
many AGA infants of 28-32 weeks’ gestational age. 
This means that the AGA group may contain a high 
proportion of relatively undergrown infants. This 
in no way detracts from the main finding that 
severely growth-retarded infants may be protected 
from developing IVH by the effects of chronic pre- 
natal stress. It does however allow the possibility 
that less severe degrees of fetal growth impairment, 
not associated with advance in lung maturation, 
could increase susceptibility to IVH as indicated by 
previous studies. It would be interesting to know 
whether, among infants with HMD, those who 
developed IVH were of lower birthweight for 
gestation than those who did not. This might help 
to answer the outstanding question as to whether 
fetal growth retardation confers an increased or 
decreased risk of developing IVH when any effects 
on lung maturation are excluded. 
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Prospective study of fetal heart rate and 
rhythm patterns 


D P SOUTHALL, JEAN RICHARDS, ROSE-ANN HARDWICK, E A SHINEBOURNE, 
G L D GIBBENS, H THELWALL-JONES, M DE SWIET, AND P G B JOHNSTON 


Department of Paediatrics, Brompton Hospital, and Cardiothoracic Institute, London, and 
Department of Obstetrics, Dorset County Hospital, Dorchester 


SUMMARY The fetal heart beat, detected by ultrasound, was recorded for five minutes from 934 
antenatal women—266 at 30 to 35 weeks’ gestation and 718 at 36 tc 41 weeks. Episodes of brady- 
cardia <100/minute ranging from 5-30 seconds’ duration occurred in 3 (1:194) of the former and in 
9 (1-395) of the latter group. Tachycardia >180/minute ranging from 30-90 seconds’ duration 
occurred in 1 (0-495) of the former and in 4 (0- 6%) of the latter. Premature beats were not detected 
between 30 and 35 weeks, but occurred in 12 (1-795) of 720 at 36 to 41 weeks’ gestation. 50 subjects 
were monitored at both 30 to 35 weeks and 36 to 41 weeks’ gestation and in one woman premature 
beats were present in the latter but not in the former recording. The incidence (1-7%) of premature 
beats in the fetus at 36 to 41 weeks’ gestation was similar to that in the healthy neonate (0-8%). 
Recordings of arrhythmias or rates outside the range {00-180/minute were replayed through a 
standard antepartum fetal heart rate monitor. The monitor failed to detect premature beats, 2 of 4 
episodes of tachycardia >180/minute, and 9 of 12 episodes. of bradycardia <100/minute, stressing 
its unreliability for detecting rapidly changing rates. 


Disorders of cardiac rhythm and conduction have 
been shown by standard electrocardiograms (ECG) 
in 1% of a population of over 3000 newborn 
infants.!7? 24-hour ECGs also show a wide variation 
in normal heart rates and rhythms at this age.* 
Although there are many reports of fetal arrhyth- 
mias—for example, Silber and Durnin,® Hedvall,® 
Eibschitz et al.” and Armstrong et a/.8—the incidence 
of these disorders in a healthy fetal population is 
unknown. We have therefore investigated the inci- 
dence of fetal heart rate or rhythm disorders in 934 
antenatal patients; none had any complication of 
pregnancy at the time of recording. The findings 
were compared with those in the healthy newborn 
infant. 


Patients and methods 


Between ] June 1977 and June 30 1978, 5-minute 
Doppler recordings of the fetal heart beat were taken 
from 934 women attending an antenatal clinic in 
west Dorset. 266 were monitored at 30 to 35 weeks' 
gestation and 718 were monitored at 36 to 41 weeks' 
gestation; 50 of them were monitored at both times. 
Women with complications of pregnancy requiring 


admission to hospital were excluded. Six mothers 
had twin pregnancies without other compli- 
cations. ' 

Recordings were performed using an undirectional, 
single crystal ultrasound detector (Sonic Aid) with a 
direct connection to a high fidelity cassette recorder 
(Sony TC 207). Recordings were taken from mothers 
in the supine position and therefore the possible 
effects of superior vena caval compression would not 
have been avoided. Braxton Hicks's contractions 
were not monitored. The maternal puke rate was 
measured during each recording to ensure that the 
signal received was not from a maternal vessel. 
Episodes, of tachycardia, bradycardia, or rhythm 
disturbance detected by listening to the tape 
recordings were replayed on to paper using a fibre- 
optic recorder (Medilec) from which highest and 
lowest rates were measured over nine beats. Three 
subjects with premature beats, 1 with tachycardia 
>180/minute, and 4 with episodes of bradycardia 
<100/minute on the antepartum recordings were 
monitored continuously during labour with a scalp 
electrode and fetal ECG monitoring system (Hewlett 
Packard), An electrical connection allowed the fetal 
ECG to be recorced continuously on to a 24-hour 
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ECG recorder (Oxford Medical Systems). 
Immediately after birth, 24-hour ECG recordings 
were taken from 8 subjects with premature beats and 
7 with episodes of bradycardia <100/minute before 
labour. 

The intralabour and postnatal ECG tapes were 
analysed directly using a system designed to detect 
heart rate and rhythm disorders from present R-R 
interval measurements (Oxford Medical Systems). 


The recorder and analyser incorporated a Synclock 
system which, by providing and processing a 
reference time signal, ensured that possible variations 
in tape speed did not produce artefactual rhythm and 
rate patterns. 

Finally, Doppler tape recordings of arrhythmias 
and heart rates outside the range 100-180/minute 
were replayed through a standard fetal heart rate 
monitoring system. 


Table 1 Number of subjects with rhythm disturbances oi rates outside the range 100—180 min on a 5-minute 


Doppler recording of the fetal heart 


Number of weeks' gestation No af subjects with episodes 





No of subjects with 
premature beats 


Of bradycardia < 100/min Of tachycardia > 180/min No (9$ 
No (%) No (%) 
30-35 (n — 269) 3 (1:11 i (0-4) 0 (0) 
36-41 (n = 721) 9 (1:31 4 (0 6) 12 a 7) 
Table 2 Details of the 12 subjects with premature beats 
Gestation at No of premature ECG in labour Postnatal 24-hour Mode of delivery Apgar score at 
recording beats in 5 min ' ECG I min 
(weeks) 
36 8 — PB not detected Spontaneous vertex 9 
36 16 — 13 APB/h Spontaneous vertex 8 
32, 36 D, 20 PB not detected PB not detected Spontaneous vertex 8 
36 2D 177 APB/h 116 APB/h Spontaneous vertex 6 
36 56 — PB not detected Spontaneous vertex 8 
36 67 — — Spontaneous vertex 7 
37 3 17 VPB/h (Fig 1) 20 VPB/h (Fig. 1) Forceps for delay 9 
37 13 — 2 VPB/h Spontaneous vertex 8 
37 26 —- 290 APB/h Spontancous vertex 7 
37 44 — — Spontaneous vertex 9 
39 3 — — Forceps for delay 6 
39 102 — — LSCS for delay and 6 


irregular fetal heart rate 


PB — premature beats, APB = atrial premature beats, VPB = ventricular premature beats, LSCS = lower segment caesarean section, — no 


recording. 
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Fig. 1 Upper panel shows a tape . 
recording of the ECG recorded during 
labour using a scalp electrode and 
cardiotocograph, from a fetus who had 
had premature beats on the sonic aid 
recording at 37 weeks' gestation. 
Multiple premature beats (17 hour) 
are present and are also shown in the 
lower panel (20]hour); a section of 
24-hour ECG recording taken 
postnatally from the same subject. The 
lack of preceeding P waves, bizarre 
QRS configuration, and complete 
compensatory pause suggests a ventriculai 
origin. The Apgar score at I minute 
was 9. 
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Results 


recordings are shown in Table 1. Of the 8 subjects 


with premature beats before labour studied by 


The numbers of subjects with rhythm disturbances, 
episodes of bradycardia <100/minute, and tachy- 
cardia >180/minute detected by 5-minute Doppler 
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24-hour ECG recordings after birth, premature 
beats were present in 5; these were supraventricular 
in origin in 3 and ventricular in2 (Fig. 1 and Table 2). 


Fig. 2 Top panel is a section of ECG 
recorded from a fetus during labour 

who had had episodes of bradycardia 
down to 53/minute on the sonic aid 
recording at 37 weeks gestation. Type 
II dips were noted on the cardiotocograph 
printout and the ECG shows a probable 
junctional escape rhythm of 57 [minute. 
Lower two panels show sections of 
postnatal 24-hour ECG recordings from 
the same subject, illustrating a probable 
junctional escape rhythm of 78|[míinute 
(the PR Interval is too short to represent 
a sinus bradycardia) and a short episode 
of probable supraventricular tachycardia 
(170] minute). The Apgar score at I 
minute was 8. 


Table 3 Details of 12 of 940 subjects with episodes of bradycardia less than 100|min before labour 


Gestation at Lowest Duration of ECG in labour Postnatal 24-k 


recording rate/min bradycardia (lowest rate over ECG (lowest rate 
(weeks) (s) 9 beats) over 9 beats) 
30, 36 70 5 — M" 
32 73 10 — 75 
34 80 12 — eu 
36 67 30 84 66 
32, 36 100, 78 5 — — 
37 35 25 — 90 
37 53 5 57 (Fig. 2) 78 (4 beat SVT) 
(Fig. 2) 
37 58 11 LSCS 97 
37 70 5 65 T] 
37 80* 15 -— 290 APB/h 
67 
34, 38 100, 90 5 — -— 
39 20 64 X 


Complications of labour 
and mode of delivery 


Apgar score 
at I min 


Type I pA dips (8 cmt). 


Spontaneous vertex 


Type II dips (4 cm1). 
Spontaneous vertex 


LSCSt 

Type I dips (6 em). 
Spontancous vertex 

Type I dips (7 cm). 

Spontaneous vertex 

Spontancous vertex 

Type II dips (7 cmt). 
Forceps (fetal distress) 


9 
9 
8 
6 
9 
Type II dips (4 cm). 9 
8 
9 
5 
7 
9 
8 


ment dM —  O!—Ó—— d C Cn//[/[|!|"OCO—————o''(|COc————— —' C—————————á''—————— Benin —À—— qM" —— n — —0 A —Á — 
*Occasional premature beats also detected, t Performed because of episodes of bradycardia detected by ultrasound. $ Extent of cervical dilatation. 
LSCS = lower segment caesarean section, SVT = supraventricular tachycardia, — no recording. 
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Taole 4 Details of 4 subjects with episodes of tachycardia greater than 180|min before labour 


Gestation ai Ratej min 


ECG in labour Mode of delivery Apgar scores at 
recording (weeks) episode (s) (highest and 1 min 
lowest rates) 
36 200 65 meme Spontaneous vertex 8 
33; 37 190—200; 190 46; 60 185; 88 Spontaneous vertex 8 
37 200 40 — Forceps (delay) 8 
41 200 50 — 9 


Table 5 Relationship between mode of delivery, episodes of bradycardia less than 100 [min, and Apgar score 





Mode of delivery No af deliveries with recorded No with of bradycardra No without episodes of bradycardia 
Apgar scores (n828) <100|/min antenatally «100 [min antenatally 
Apgar score Apgar score Apgar score Apgar score 
27 «7 27 
Spontaneous 661 2 i 6 75 578 
Forceps or vacuum 106 0 3 25 78 
Lower segment caesarean 61 0 1 19 41 
section 
, gestation. All 4 subjects in whom the highest fetal 
h heart rate was greater than 180/minute (Table 3) had 
|j : a subsequent Apgar score at one minute 7. 
B E Of the 12 subjects with bradycardia <100/minute 
9 oO bd. (Fig. 2 and Table 3), 10 had Apgar scores at one 
b minute 7, 2 had Apgar scores <7, The relationship 
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Fig.3 Printout from an antepartum fetal heart rate 
monitor obtained by replaying a tape recording of 

an episode of bradycardia. Heart rate{minute is shown 
on the vertical axis and paper speed was I cm{minute. 
B marks the position of the episode of bradycardia to 
35 [minute. The pen lifts and an artefactual tachycardia 
is recorded, possibly as a result of an automatic 
increase in trigger level during the asystole and 
subsequent detectlon of signal noise. 


It is interesting but not statistically significant 
(y3 = 3-35 P «0-1) that premature beats were not 
detected on recordings taken at 30 to 35 weeks' 


between mode of delivery, presence of bradycardia 
<100/minute before labour, and Apgar score is 
shown in Table 5. Out of a total of 934 subjects 828 
had Apgar scores at one minute recorded in their 
notes. 816 had rates >100/minute on the antenatal 
recordings and of these 119 had Apgar scores <7. 
Two of 12 subjects with bradycardia <100/minute 
before labour subsequently had Apgar scores «7 at 
one minute. There was therefore no significant 
relationship between episodes of bradycardia <100/ 
minute on the antenatal recordings and subsequent 
low Apgar score. 

A standard antepartum fetal heart rate monitor 
failed to detect all premature beats, 2 of 4 episodes of 
tachycardia >180/minute, 4 of 6 episodes of 
bradycardia between 70 and 100/minute, and 5 of 6 
episodes of bradycardia <70/minute when tape 
recordings were replayed through this system 
(Fig. 3). 


Discussion 


Disorders of cardiac rhythm and conduction in the 
neonate have been shown to result in heart failure,’ 
brain damage,!° episodes of so-called ‘near-miss cot 
death',? and in one case sudden infant death. 
Similar disorders may be a cause of some unexplained 
intrauterine deaths or brain damage. This study was 
performed to establish the incidence and natural 
history of fetal arrhythmias. 

The frequency (1:294) of premature beats in the 


| 


510 Southall, Richards, Hardwick, Shinebourne, Gibbens, Thelwall-Jones, De Swiet, and Johnston 


fetus found in our study was similar to that pre- 
viously reported (0-827) in a population of healthy 
neonates! in which 26 of 3383 had premature beats 
on a standard 2-minute ECG. 14 were supra- 
ventricular in origin, 11 ventricular, and one subject 
had both supraventricular and ventricular premature 
beats. Furthermore, 24-hour ECG recordings on 
16 of the 26 neonates with premature beats on the 
screening ECG showed that 2 also had episodes of 
supraventricular tachycardia and 3 had episodes of 
ventricular tachycardia.27~* Arrhythmias other than 
premature beats—for example, supraventricular 
tachycardia’ 1227713 or atrioventricular block? 145 
have previously been reported in the fetus and both, 
especially the former, have been associated with 
intrauterine heart failure. The incidence of 
arrhythmias other than premature beats in an 
apparently healthy population of developing babies 
requires the study of a larger population using longer 
recording times. Ultrasound recordings would also 
fail to detect conduction disorders such as a pro- 
longed QT interval or pre-excitation, unless 
arrhythmias were also present. 

All subjects with premature beats had Apgar 
scores exceeding 5 (Table 2) conforming with 
previous reports that have suggested that this 
arrhythmia in the fetus, without associated tachy- 
arrhythmias, is benign.1971? 

Episodes of bradycardia <100/minute and 
tachycardia >180/minute have been documented in 
1:575; of apparently healthy developing babies 
during 5-minute recordings of the fetal heart beat. 
Bolte and Berendes® using 3- to 5-minute recordings 
of the fetal ECG from the abdominal surface 
showed a similar frequency (2-8 97) of such heart rate 
changes but they included many mothers with 
complications of pregnancy. Declarations of the 
fetal heart rate in labour, in response to a con- 
traction (type IT dips) have been suggested as 
evidence of fetal hypoxaemia,!Ó and have been 
correlated with poor fetal outcomel? and fetal 
acid-base disturbance.* Similar declarations of the 
fetal heart rate before labour have also been cor- 
related with intrauterine death or with a poor fetal 
outcome.3! The present study however, suggests 
that some decelerations before labour may be 
physiological and care must be taken not to imply 
abnormality to normal variability. It was interesting 
to notice in this study that neither an episode of 
bradycardia nor one of tachycardia before labour 
was significantly related to subsequent Apgar scores 
<7. We suggest that some fetuses may have an 
inherent tendency to manifest frequent episodes of 
bradycardia which do not indicate impaired fetal 
well-being. Such episodes may also occur 
subsequently during labour and unnecessary 


operative intervention follow. Measurement of fetal 
acid-base balance may help to differentiate between 
harmful and apparently harmless decelerations.?* 

Traditional antepartum fetal heart rate monitoring 
systems, using ultrasound or surface abdominal 
ECG, have problems in avoiding artefact particularly 
on long-term recordings. Artefact may be due to loss 
of signal;strength during fetal movements or to 
excessive noise. To overcome these problems many 
monitors have an inbuilt electronic device to prevent 
registration of rapidly changing heart rates, on the 
assumption that such changes are always due to 
artefact. For this reason, the monitor we used failed 
to detect premature beats and a large proportion of 
true episodes of bradycardia from the tape 
recordings. Present systems used for long-term 
antepartum monitoring will therefore fail to detect 
abrupt changes of rate or rhythm. Furthermore, the 
upper and lower limits of heart rate that can be 
printed out by these monitors are 200/minute and 
60/minute respectively (Fig. 3). Supraventricular and 
ventricular tachycardias almost always present with 
heart rates in excess of 200/minute. Sinus tachycardia 
may exceed 200/minute in the newborn infant but 
usually for short periods of time.* Currently heart 
rate monitors cannot differentiate short episodes of 
sinus tachycardia from tachyarrythmia. 

In summary, cardiac arrhythmias and episodes of 
pronounced bradycardia <100/minute, or tachy- 
cardia >180/minute occur frequently in the 
developing baby during normal pregnancy. Assess- 
ment of these patterns in the antenatal period should 
take a knowledge of normality into consideration 
and the present problems with long-term recording 
techniques must be overcome. 
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Lions, Round Table, and League of the Licensed 
Trade. . 


References | 


1 Southall D P, Vulhamy D G, Davies MJ, Anderson R H, 
Shinebourne E A, Johnson A M. A new look at the 
neonatal electrocardiogram. Br Med J 1976;11: 615-8. 

2 Southall D P, Orrell M J, Talbot J F, et al. Study of 
cardiac arrhythmias and other forms of conduction 
abnormality in newborn infants. Br Med J 1977; fi: 597-9. 

* Southall D P, Johnson A M, Shinebourne E A. Study 
of the nature and natural history of disorders of cardiac 
rhythm and conduction 1n the apparently bealthy infant. 
In: Godman P, ed. Paediatric cardiology. Proceedings of 


i» 


Lal 


=J 


o 


13 


Prospective study of fetal heart rate and rhythm patterns 511 


the First World Congress in Paediatric Cardiology, 
London, June 1980. Edinburgh: Churchill Livingstone, 
1980. In press. 

Southall D P, Richards J, Mitchell P, Brown D J, 
Johnston P G B, Shinebourne E A. Study of cardiac 
rhythm in healthy newborn infants. Br Heart J 1980; 43: 
14-20. 

Silber D L, Durnin R E. Intrauterine atrial tachycardia 
associated with massive edema in a newborn, Am J Dis 
Child 1969; 117: 722-6. 

Hedvall G. Congenital paroxysmal tachycardia: a report 
of 3 cases. Acta Paediatr Scand 1973; 62: 550-2. 

Eibschitz I, Abinader E G, Klein A, Sharf M. Intrauterine 
diagnosis and control of fetal ventricular arrhythmia 
during labor. 4m J Obstet Gynecol 1975; 122: 597—609. 
Armstrong D H, Murata Y, Martin C B, Jr, [kenoue T. 
Antepartum detection of congenital complete fetal heart 
block. A case report. Am J Obstet Gynecol 1976; 126: 
291-2. 

Schreiner R L, Hurwitz R A, Rosenfeld C R, Miller W. 
Atrial tachyarrhythmias associated with massive edema in 
the newborn. J Perinat Med 1978; 6: 274-9. 

Keeton B R, Southall E, Rutter N, Anderson R H, 
Shinebourne E A, Southall D P. Cardiac conduction 
disorders in sıx infants with ‘near-rruss’ sudden infant 
deaths. Br Med J 1977; ti: 600-1 

Southall D P, Arrowsmith W A, Oakley J R, McEnery G, 
Anderson R H, Shinebourne E A Prolonged QT interval 
and cardiac arrhythmias 1n two neonates: sudden infant 
death syndrome in one case. Arch Dis Child 1979; 54; 
776-9. 

Bolte A, Berendes R. Frequenz und Rhythmus der 
fetalen Herzaktionspotentiale ım Verlauf der Graviditat. 
Geburtshilfe Frauenheilkd 1972; 32: 635-49. 

Radford D J, Izukawa T, Rowe R D. Congenital paro- 
xysmal atrial tachycardia. Arch Dis Child 1976; 51: 613-7. 


14 Altenburger K M, Jedziniak M, Roper W L, Hernandez J. 


16 


1 


^ 


18 


Congenital complete heart block associated with hydrops 
fetalis. J Pediatr 1977 ; 91: 618—20. 

Komáromy B, Gaál J, Mihály G. Mocsáry P, Pohánka O, 
Surányi S. Data on the significance of fetal arrhythmua. 
Am J Obstet Gynecol 1967; 99; 79-85. 

Hon E H, Huang H S The electronic evaluation of fetal 
heart rate. VII. Premature and mussed beats. Obstet 
Gynecol 1962; 20: 81—90. 

Kendall B. Abnormal fetal heart rates and rhythms prior 
to labor. Am J Obstet Gynecol 1967; 99: 71-8. 

Huch R, Huch A. Continuous measurement of fetal 
pH and PO, In: Beard R W, Campbell S, eds. The 
current status of fetal heart rate monitoring and ultrasound 
in obstetrics. London: Royal College of Gynaecologists, 
1977: 71-99. 

Shelley T, Tipton R H. Dip area A quantitative measure 
of fetal heart rate patterns. J Obstet Gynaecol Br Comm 
1971: 78: 694—701. 

Kubli F W, Hon E H, Khazin A F, Takemura H Observa- 
trons on heart rate and pH in the human fetus during 
labour. Am J Obstet Gynecol 1969; 104: 1190-206. 

Emmen L, Huisjes H J, Aarnoudse J G, Visser G H A, 
Okken A. Antepartum diagnosis of the ‘terminal’ fetal 
state by cardiotocography. Br J Obstet Gynaecol 1975; 82: 
353-9. 

Filshie M. Intrapartum fetal monitoring. Br J Hosp Med 
1974; 12: 33-46. 


Correspondence to Dr D P Southall, Cardiothoracic 
Institute, Fulham Road, London SW3 6HP. 


Received 26 July 1979 


Archives of Disease in Childhood, 1980, 55, 512-515 


| 


Sugar malabsorption in healthy neonates estimated 
by breath hydrogen 


A C DOUWES, R F OOSTERKAMP, J FERNANDES, T LOS, AND A A JONGBLOED 
Children’s Department, Free University Hospital, Amsterdam, The Netherlands 


SUMMARY Carbohydrate malabsorption in 110 healthy, term neonates was studied by estimating 
expired hydrogen (H,) before and after a feed on day 6 or 7. Carbohydrate malabsorption was 
assumed. to be present if the infant excreted >20 parts per million (ppm) H,. The frequency of 
carbohydrate malabsorption in 49 breast-fed infants was 25% (n—12), in 35 infants fed a 7-594 
lactose formula it was 31% (n—11), in 26 infants fed a formula containing 1% lactose and 7:3% 
maltodextrin it was 15% (n=4). These differences in frequency were not significant. Peak H, 
concentration of the malabsorbers in each group, indicating the degree of carbohydrate malabsorp- 
tion, was 64, 52, and 32 ppm respectively. The degree of carbohydrate malabsorption did not differ 
significantly between the breast-fed and the high lactose formula groups, but both groups differed 
from the low lactose group. H, excretion was studied for 5 months in an exclusively breast-fed 
infant. In the first 2 months high concentrations were found and the infant produced 3-5 stools a 
day. In the next 3 months however, most H, estimations were normal and only 1-2 stools a week 
were passed. With the introduction of solids, daily bowel movements promptly reoccurred. 

Frequency of carbohydrate malabsorption in newborn infants is fairly high and is primarily related 
to the lactose intake. The frequency and degree of carbohydrate malasorption were comparable in 
breast-fed infants and in infants fed on a high lactose formula; this differs from results previously 


reported. 


The occurrence of carbohydrate malabsorption 
(CHM) in normal, term neonates on breast milk or 
cows' milk-based formulas, may be assumed from 
the finding of more than 0:5% reducing substances 
in the faeces, or from the finding of more than 
0:15 g/l reducing substances in the urine.* The mean 
‘normal’ excretion of lactose in the urine of 88 
neonates between the 3rd and 7th day of life ranges 
between 0-2 and 0:5 g/l. Sugar chromatography on 
stools with excess reducing substances generally 
shows the presence of lactose, glucose, and 
galactose.*-? This pattern is consistent with incom- 
plete lactose absorption as nonabsorbed lactose is 
split by the faecal flora into its component mono- 
saccharides.6 Lactose malabsorption has been 
reported to be more common in breast-fed than in 
bottle-fed infants, even if lactose concentration in the 
milk is similar.*-? These findings may have practical 
implications from the nutritional point of view and 
may help to establish a nonpathogenic type of large 
bowel  microflora."? However, the reported 
differences of CHM in bottle- and breast-fed infants 
may have been affected by differences in bacterial 
fermentation of the nonabsorbed sugars and by 


contamination of the stools with lactose-containing 
urine. 

It has been shown that malabsorption of lactose 
and other sugars can easily be detected by estimating 
H, in expired air in adults* or children.-14 
Using a. procedure for interval sampling of mixed 
expired air adapted for infants,!? we have studied the 
frequency and the degree of CHM in 110 newborn 
infants, fed on one of three feeding regimens. The 
main objective was to find out whether the reported 
difference in CHM between bottle-fed and breast-fed 
infants could be confirmed. 


Patients and methods 


We examined 110 healthy, term infants in the 
maternity ward of our hospital. Informed consent 
was obtained from all the parents. Each infant was 
fed exclusively one of three milks: breast milk 
(n==49), cows’ milk-based formula containing 
7:5% lactose (Almiron M2-B*) (n=35), or 1% 
lactose ‘and 7-397 maltodextrin (Almiron A-B*) 
(n==26): The composition of each formula is shown 
*Manufactured by Nutricia, Zoetermeer, the Netherlands. 
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Table 1 Constituents of the milks used in this study 
(in g/ 100 ml). Fats in the formula feedings were 
corn-oil derived 





Breast milk Almiron M2-B Almiron A-B 
Lactose 6:6—7.1 7.5 1 
Maitodextrin — — 73 
Fat 2 9-3.5 3-5 2-9 
Protein 1-1-1:4 1-5 1:8 


in Table 1. Infants on mixed feeds were not studied, 
but breast-fed infants whose feeding had been 
supplemented with glucose solution during the first 
few days after birth were included. Mothers who 
breast fed their babies were instructed to avoid fruit 
and fruit juices on the day before and during the 
examination since fruit sugars mav be excreted into 
the breast milk. 

To avoid the influence of large differences in 
intakes of milk/kg, the actual body weights and 
ingested volumes of the feeds were recorded. In the 
breast-fed group ingested volume was estimated by 
test weighing the infant before and after the feed. 
Serial H4 estimations were done on day 6 or 7, 
starting at 0900 hours, three hours after the first feed 
that day. The second breath sample was taken at 
1000 hours (just before the second feed), the third at 
1100 hours, and the fourth at noon. Duplicate breath 
samples were stored in Vacutainers for gas chro- 
matographical analysis. Details of the procedure 
have been presented previously. In children with 
lactose malabsorption, an increase above the baseline 
value of >10 ppm H, correlated positively with the 
occurrence of clinical symptoms.i$!? Since the 
frequent feedings in the study group did not allow 
H, excretion to be measured during fasting, and this 
is below 10 ppm in older children (R. G Barr, 1979, 
personal communication), a total concentration of 
20 ppm H, in mixed expired air was assumed to be a 
safe indication for the presence of CHM in these 
neonates. 


Results 


All 27 infants with CHM were white, 7 (26 97) of them 
weighed more than 3500 g, 13 (48%) weighed more 
than 3000 g, and 7 (26%) weighed more than 2500 g, 
the lowest weight being 2575 g. No infant had 
diarrhoea although all infants passed at least two 
loose stools a day. The mean volume of milk 
ingested (ml/kg) did not differ between the three 
feeding groups and only small individual variations 
were found. 

Most of the infants with CHM had raised H, 
concentrations in the first breath sample. This was 


generally followed by a further increase, although in 
some infants the concentration remained more or 
less constant, and 2 infants had decreasing concentra- 
tions towards the end of the sampling period. Peak 
H, excretion for each infant is recorded in Fig. 1. 
The frequency of CHM in the 49 breast-fed infants 
was 25% (n—12), 31% in the 35 infants fed 7-57; 
lactose formula (n—11), and 15% in the 26 infants 
fed 1% lactose formula with 7:3% maltodextrin 
(n—4) . These frequencies are not statistically 
different. The relative degree of CHM, measured as 
peak H, excretion, was no different for breast-fed 
infants than for those on the 7-57; lactose furmula. 
But both of these groups had a significantly higher 
degree of CHM compared with the group on 1% 
lactose and 7:3% maltodextrin formula (P «0-01, 
Table 2). 

H, excretion in the breast-fed infant during the 
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Breast fed AA-B 


AM,-B 

Horizontal bar gives upper normal value. 
B=7-5% lactose formula group; AA-B= 1*7 lactose with 

7-354 maltodextrin formula group. 

Fig. 1 Peak H, excretion in 110 normal, 6- or 

7-day-old-infants on one of three feeding regimens. 
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first 150 days of life changed during the day (Fig. 2), 
and varied greatly on different days (Fig. 3). The 
highest concentrations however, were found in the 
first 2 months. Stool frequency in the first 2 months 
was 3-5 a day. In the next 3 months, while the baby 
was still being exclusively breast fed, H, excretion 
became normal or was moderately raised (Fig. 3), 
Only 1-2 stools a week were passed in the last 3 
months and no sign of constipation occurred. 
Introduction of solids at age 6 months immediately 
resulted in daily passage of 1--2 well-formed stools. 


Table 2 Frequency and relative degree of 
carbohydrate malabsorption in three groups of 
neonates on different feeding regimens 








Breast milk Almiron M2-B Almiron A-B 
{(n=49} (n35) (n226) 
No of infants (%) | 12 25) 11 310 4 (15) 
95% confidence 
lumuts for per- 
centage 
sorters 15-39 18-49 7-34 
Mean ppm H, 
malabsorbers 64 52 32 (P<0-01) 
SD 43 23 9 
$ 
30 








Hou:s 


Feedings indicated by arrows. Horizontal bar gives upper normal 
value, 


Fig. 2 Variation in B, excretion during a 24-hour period 
in an exclusively breast-fed infant, aged 28 days. 





Days ater birth 
Honzontal bar gives upper norma! value. 


Fig. 3 Hy excretion over 5 months in an exclusively 
breast-fed infant. 

Discussion 

This study confirms earlier observations, based on 
the finding of excess reducing substances in the stools 
(20-595)'0or in the urine (0-15 g/D, that many 
neonates have some degree of CHM.1— The amount 
of sugars found in excreta gives some indication of 
the degree of CHM; this tended to be higher in 
breast-fed' infants than in  bottle-fed  ones.?-? 
Conclusions about the different degree of CHM 
between these groups have not been made. 

It has been shown previously that H, production is 
primarily ;related to the amount of fermentable 
substrate in the coloni? and this amount can be 
calculated from the expired H,.1* H, response to the 
same dose of lactose may differ considerably between 
individual lactose malabsorbers,'? yet, the mean H, 
response for a group of lactose malabsorbers to 
different :doses of lactose differs significantly. 
It therefore seemed justified to use mean Ha 
concentrations for different feeding groups to 
find out the effect of diet on the degree of CHM. 
Unlike reports based on an estimation of faecal 
sugar, the degree of CHM as shown by mean H, 
response did not differ between breast-fed infants and 
those on the 7-5 % lactose formula, but CHM in both 
these groups was different from that in the group on 
the 1% lactose 7:39; maltodextrin formula (P<0-01). 

Reports concerning the frequency of CHM in 
neonates are conflicting, and figures range from 
0 to 50%". The precise frequency of CHM in 
neonates is difficult to establish as CHM may be 


MU 


à 


i 
MALA 


Sugar malabsorption in healthy neonates estimated by breath hydrogen 515 


present intermittently, as judged from the lactose 
content in urine‘ and the excretion of H, (Figs 2 and 
3), and data from former studies as well as from this 
one are cross-sectional (Fig. 1). The actual frequency 
may therefore be considerably greater than these 
studies suggest. This suggestion is supported by the 
findings of our longitudinal study (Fig. 3). A 
relationship may exist between CHM and frequency 
of defecation; this is suggested by the pronounced 
decrease in stool frequency, synchronous with the 
decreasing concentrations of expired H, after age 
2 months (Fig. 3). 

Lactose is often implicated as the major source of 
excess faecal and urinary sugar in newborn infants! 9 
although other sugars have also been found.*-? The 
accumulating evidence for lactose malabsorption in a 
considerable proportion of newborn infants seems to 
contradict the finding that brush border lactase 
activity is fully mature by the time of birth although 
its maximum is reached only shortly before delivery.™ 
Presumably the total splitting capacity of the neonatal 
small bowel is reduced because in these infants the 
surface area is smaller than in older infants. Previous 
studies that have been based on an estimation of 
faecal sugar have stressed the influence of the nature 
of the feeding, and have suggested that frequency and 
degree of CHM in breast-fed infants were higher than 
in formula-fed neonates, even when these formulas 
contained lactose in amounts comparable with 
human milk. 8 Our study failed to confirm this 
interpretation. since frequency of abnormal H, 
excretion in breast-fed infants did not differ from 
that in bottle-fed infants, and was even lower in the 
breast-fed group compared with the high lactose 
formula group (Table 2). 

Our findings indicate that CHM in healthy, term 
neonates is primarily due to an age-related matura- 
tion process of lactose digestion and absorption, 
rather than to the nature of the feeding. 
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Plasma ammonia levels in newborn infants admitted 
to an intensive care baby unit 


I R. BEDDIS, E A HUGHES, E ROSSER, AND J C B FENTON 
Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, and Department of Chemical 


Pathology, St Bartholomew's Hospital, London 


SUMMARY A fatal case associated with severe hyperammonaemia is described in which no urea 
cycle enzyme deficiency could be found. This prompted further investigation of blood ammonia 
levels in neonates admitted to the premature baby unit at Hammersmith Hospital. 102 specimens 
were taken from 42 babies within the first 3 weeks of life; the babies had a variety of clinical condi- 
tions. The mean ammonia level was 94-5 umol/1 (132-3 ug/100 ml) (range 32-255 pmol/l (44- 8-357 
ug/100 ml), SD + 41-0). These results, although higher than the range for older babies in hospital, 
were not as high as in the baby with severe hyperammonaemia. Serial levels in 10 babies suggested 
that the range of blood ammonia levels was greatest in the first 2 weeks of life and narrowed con- 
siderably after this period. Great care is needed in collecting blood samples and measuring them if 


accurate results are to be obtained. 


In 1977 a fatal case associated with severe hyper- 
ammonaemia was seen at Hammersmith Hospital. A 
plasma ammonia level taken 3 hours before death 
was 3000 umol/1 (4200 22/100 ml) and cerebrospinal 
fluid taken shortly before death showed a level of 
4000 pmol/l (5600 ug/100 ml). A liver biopsy was 
taken immediately after death, but no enzyme defect 
of the urea cycle could be found, and investigations 
for organic aciduria did not show an inborn error in 
branch-chain amino-acid metabolism. The clinical 
details are given below. 

Three cases of severe hyperammonaemia in the 
neonatal period were reported by Pollack ef a1. and 
5 more were reported by Ballard e; al.? In none of 
these babies was an enzyme defect observed, and no 
explanation for the cause could be found, but it was 
suspected that hyperammonaemia in the neonatal 
period might not be a rare occurrence. 


Case history 


A boy was born normally to a 22-year-old primi- 
gravida at 35 weeks' gestation after spontaneous 
onset of labour. The Ápgar score at one minute was 
9. The birthweight was 2:58 kg (10th centile) and, 
apart from slight grunting, no abnormalities were 
noted initially. Milk feeds were started via naso- 
gastric tube at 2 hours. The grunting continued for 
14 hours and at this stage the baby was noted to be 
irritable but no cause for this was apparent. 
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At 24. hours his skin became mottled and he 
developed gasping respirations; blood sugar, urea 
and electrolytes, calcium, magnesium, and cerebro- 
spinal fluid were all normal. The only abnormal 
finding was a metabolic acidosis. At 26 hours the 
baby hadigeneralised convulsions which could not be 
controlled satisfactorily. In seeking an explanation 
for the deteriorating condition, a metabolic disorder 
was considered and a plasma ammonia level esti- 
mated with the result already mentioned above. 

However, the urea cycle enzyme activities 
measured in the liver biopsy (taken shortly after 
death) by the method of Brown and Cohen,? as 
described by Levin,‘ did not show any defect. The 
analysis of urine for organic acids by gas chromato- 
graphic and mass spectrometric methods of Chalmers 
et al.® also failed to show an inborn error of organic 
acid metabolism. The amino-acids were quantita- 
tively examined in plasma, urine, and cerebrospinal 
fluid using an ion-exchange chromatographic LKB 
amino-acid analyser. The moderate increases in 
different amino-acids in the different specimens were 
typical of the sickest babies examined and did not 
suggest any specific metabolic disorder of amino-acid 
metabolism. Despite ventilatory assistance, the 


condition of the baby steadily deteriorated and he . 


died at 39 hours. 

At necropsy there was a small subdural 
haemorrhage over the left parieto-occipital region, 
blood clot in the cisterna magna, small bilateral 


I 
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germinal layer haemorrhages, a small blood clot in 
the 4th ventricle, and bilateral necrosis of the 
periventricular tissue. In the lungs, there was evidence 
of inhaled material (epithelial squames and granular, 
foamy debris), and extensive hyaline membrane 
formation in the respiratory bronchioles. 

The case prompted this investigation of plasma 
ammonia levels in neonates with a variety of clinical 
conditions and the results are now presented. The 
project was approved by the Royal Postgraduate 
Medical School ethics committee. 


Patients and methods 


42 babies admitted to the premature baby unit at 
Hammersmith Hospital were investigated. ‘heir 
birthweights ranged from 740 to 3880 (mean 1823) g, 
and gestational ages (as assessed by Dubowitz Score’) 
were between 27 and 41 (mean32 4) weeks. 35 babies 
were preterm (less than 37 weeks) with 4 small for 


gestational age (below 10th centile); 3 of the 7 term’ 


babies were also small for gestational age. 

Of the 42 babies, 14 died in the neonatal period. 
27 had birth asphyxia (defined as an Apgar score of 
less than four within the first 5 minutes of life). In 
this group, 12 had respiratory distress syndrome 
(9 requiring ventilation), 1 had respiratory distress 
syndrome and convulsions, 3 recurrent apnoea and 
1 apnoea and convulsions (these 4 were ventilated), 
1 meconium aspiration and 1 meconium aspiration 
and convulsions, 1 pneumonia, 2 birth asphyxia 
associated with maternal sedation, 2 had convulsions, 
and 1 severe birth trauma. The remaining 2 had no 
problems other then birth asphyxia. 

Of the 15 who did not have birth asphyxia, 11 had 
respiratory distress syndrome (5 required ventilating), 
2 had apnoea (both ventilated), 1 convulsions 
secondary to hypoglycaemia, and 1 had no problems 
other than being preterm. 

Blood samples were taken from indwelling 
umbilical artery catheters, via radial artery stabs or 
venepuncture when blood was required for tests 
connected with the management of the infants. 
1-5 ml blood was collected in syringes containing 
heparin free of chlorocresol. The specimens were 
centrifuged and the plasma stored in liquid nitrogen 
until they were sent to St Bartholomew’s Hospital 
for ammonia levels to be measured. The specimens 
were sent in containers packed with dry ice. Measure- 
ments were made using an ammonia electrode as 
described by Park and Fenton.® 

Initial samples were taken on the day the baby was 
admitted to the unit and further samples were taken 
during the first 3 weeks of life. Altogether 105 
measurements were made, 3 of the results have been 
excluded because of gross haemolysis of the blood 
samples. 


Results 


102 plasma ammonia levels were measured between 
day 1 and day 19 on the 42 babies. The mean level 
was 94-5 umol/l (range 32-255 umol/l, SD + 41-0). 
Fig. 1 shows the plasma ammonia levels plotted 
against postnatal ages. 

80 results were obtained on 28 surviving babies and 
22 on 14 babies who died in the neonatal period. The 
mean for the survivors was 89-1 umol/l (range 
32-192 umol/l, SD + 36-5) and the mean for those 
who died was 114 umol/l (range 44-255 umol/l, 
SD + 36-7). 

Figs 2 and 3 show the initial plasma ammonia 
levels for each baby (taken between days 1 and 4) 
plotted against gestational ages and birthweights. 

10 surviving babies had at least 4 blood ammonia 
measurements taken during the first 19 days of life 
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Fig. 3 Plasma ammonia levels plotted against 
birthweights. (Samples taken between days 1 and 4), 
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Fig. 4 Series of plasma ammonia levels in 10 babies 
in first 3 weeks of life. 


and these Jevels are shown in Fig. 4. The 2 babies 
with the highest levels (Cases 1 and 2) each had 
prolonged fits after severe birth asphyxia. In all 10 
babies the range of results was far greaterin the first 
week of life and the range had narrowed considerably 
14 days later. 


Discussion 


Our studies suggest that ammonia levels in sick 
neonates (32-255 umol/l) are well above the range 
that we accept as normal for children and adults 
(4-35 umol/T).? We have no experience of measuring 
ammonia levels in healthy preterm and term babies. 
However, using a microversion of the cation exchange 
column, Oberholzer et al. found the plasma 
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ammonia level for venous samples from neonates 
was 60 umol/I (SD + 20) and for capillary samples 
86 umol/1 (SD + 20). Measurements were made on 
15 neonates. 

Sanchez et al. observed ammonia levels greater 
than 90 pmol/l in 5 of 9 infants weighing less than 
1000 g at birth, all were receiving assisted ventilation. 
They thought that these ammonia levels may have 
been contributed to by the use of blood products 
with a high ammonia content. However if the 
amount of ammonia administered by this method is 
calculated, it is unlikely to account for a considerably 
raised ammonia level. 

There is some doubt about the correct procedure 
for collecting and preserving specimens. 'The methods 
adopted in this study are the result of work conducted 
OVer several years at St Bartholomew's Hospital in 
adults. In normal adults there is little difference 
between ammonia levels measured from arterial and 
venous samples. However, differences can occur 
under several circumstances—for example when 
arterial ammonia levels are increasing rapidly 
the peripheral tissues, muscles, and brain actively 
take up ammonia, thereby causing lower venous 
ammonia levels. Venous levels may rise above the 
arterial levels when tissues liberate ammonia as 
occurs with exercising muscle or during the recovery 
phase in some cases of hepatic coma. It is therefore 
conceivable that similar differences may occur in the 
neonate. 

Capillary samples are less reliable for plasma 
ammonia measurements because contamination is 
difficult to avoid and levels may be falsely high.!? 
Care is needed to avoid gross haemolysis as red cell 
damage will also result in misleadingly high results. 
Blood should be collected into heparinised containers 
and it is important that the heparin is free from 
preservatives, such as chlorocresol, which may injure 
red blood cells and liberate ammonia. Unless 
measurements are to be made at once, the blood 
should be centrifuged within 30 minutes of collection 
and the'plasma stored at —209C overnight, or 
—70°C if a longer storage time is necessary. 
Specimens may be kept for 3 weeks at —709C 
without adversely affecting the ammonia level. 

There have been numerous methods for measuring 
ammonia in blood and this fact alone bears witness 
to the difficulties that have been encountered in the 
past. We prefer either an ion exchange column or a 
vapour phase ‘ion electrode’ for volatile base (EIL or 
Orion ammonia probe). Park and Fenton? showed a 
good correlation between measurements made with 
these methods. We found that ion exchange resin in 
‘batched’ shaking methods gave unreproducible 
results. 'Methods using glutamate debydrogenase 
tended to lack sensitivity, and the older alkali 
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diffusion methods on which much of the older data 
are based are recognised to suffer from some 
ammonia artefact. 

Ammonia is a normal constituent of body fluids. 
In the adult, exogenous ammonia is formed in the 
large intestine as a result of bacterial action on urea 
and other nitrogenous compounds. However, this 
cannot play a significant part in the early neonatal 
period until bacterial colonisation of the intestine has 
occurred. Therefore, in the neonate, the major 
contribution must result from the endogenous 
metabolism of glutamine, glutamate, and adenylate.14 
In animals, glutamine has also been shown to be 
taken up by the intestinal mucosa and hydrolysed, 
and this may be a significant source of ammonia in 
the sterile intestinal tract of the newborn infant. 
Under normal circumstances excess ammonia is 
rapidly removed by the liver. 

Severe hyperammonaemia in the neonate has a 
similar clinical presentation whatever the cause. 
Principally this consists of: refusal of feeds, vomiting, 
lethargy, grunting respirations, fits proceeding to 
coma and death in severe cases. Severe hyper- 
ammonaemia in the neonatal period is generally 
associated with inborn errors of metabolism. Since 
the report by Russell et aj! of hyperammonaemia 
due to a urea cycle defect, there have been many 
reports of defects associated with this cycle. Errors in 
branch-chain amino-acid metabolism (especially 
methylmalonic acidaemia and propionic acidaemia) 
may also be associated with a very high plasma 
ammonia level.i* 

Other causes of hyperammonaemia include liver 
failure, and Reye's syndrome in the neonatal period 
was reported by Papageorgiou et al!* Parenteral 
nutrition in preterm infants may result in hyper- 
ammonaemia.19-39 However, whether this is due to 
the high concentration of ammonia in protein 
hydrolysate or to transient metabolic deficiencies in 
sick, preterm infants is not certain.” 

Ammonia levels have also been found to vary with 
different types of milk feed. Räihä et al.” showed 
that levels varied with the quality and quantity of 
protein in milk. It is known that enzymes of the urea 
cycle are present in the human fetal liver at least by 
16 weeks.™ However, the fetal liver is not able to 
adapt very well to a nitrogen load?’ and this may also 
apply to the preterm neonate and account for raised 
ammonia levels. Anoxia is known to raise the 
ammonia level in isolated nervous tissue and raised 
levels also occur during shock states in animals.*4 
Hyperammonaemia has also been shown to occur 
after perinatal asphyxia?* and so it is conceivable 
that hypoxia due to respiratory problems in the 
neonate may contribute to the high levels. Although 
hypoxia has not been shown to result in raised levels 


in adults, the same may not be true of neonates as 
they can withstand a much greater degree of hypoxia 
than adults and a direct comparison cannot be made. 

There may be a number of factors contributing to 
the raised level in the group of neonates that we 
studied. They had a variety of clinical conditions and 
itis not possible to say whether there is a relationship 
between birthweight or gestational age and ammonia 
level. A study on ‘normal’ preterm infants would 
first be required and then it may be possible to 
determine what clinical conditions, if any, are 
related to high ammonia levels. 

The serial measurements in 10 babies showed a 
wider range over the first few days of life which had 
narrowed considerably by 14 deys; at that time, all 
but 1 of the babies had recovered from their acute 
illness (1 still required mechanical ventilation 
because of recurrent apnoea). Two of the babies we 
studied had prolonged fits after severe birth asphyxia 
and in both cases the ammonia levels were in excess of 
150 umol/! but fell once the fits had stopped. Both 
hypoxia and increased muscle activity* may have 
played a part. 

Hyperammonaemia may result in the signs already 
mentioned but it is possible that persistently raised 
levels may have other side effects. It is interesting 
that a high level of plasma ammonia was shown to 
increase intracranial pressure in rhesus monkeys.?? 
An early increase in intracranial pressure in preterm 
infants was shown by Donn and Philip?5; and this 
they related to hypoxia. It may be that ammonia has 
a part to play in the aetiology of intraventricular 
haemorrhage in very low birthweight infants. 
However, whether these raised levels have any 
untoward side effects is not easy to determine. We 
were unable to find another baby with severe 
hyperammonaemia similar to that described at the 
beginning of this paper and we have been unable to 
account for such extreme increase in the level of 
plasma ammonia. Ballard e£ al.? treated 4 patients 
successfully with exchange transfusion and peritoneal 
dialysis. It is clear that severe hyperammonaemia 
without an obvious metabolic defect may be more 
common than had previously been realised. It is 
important that clinicians should be aware of this 
syndrome and also that they be aware of the pitfalls 
in collecting specimens and methods of measurement 
if valid results are to be obtained. 


We thank Mr V Oberholzer, Department of Bio- 
chemistry, Queen Elizabeth Hospital for Children, 
London, for the measurement of the urea cycle 
enzymes, Dr R. A Chalmers, Division of Inherited 
Metabolic Diseases, MRC Clinical Research Centre, 
Northwick Park Hospital, for the urine organic acid 
analysis, and Dr Pamela Davies for advice. 
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Excessive carbohydrate intake in pregnancy and 
neonatal obesity: study in Cap Bon, Tunisia 


I DE SCHAMPHELEIRE, M A PARENT, AND C CHATTEUR 
Projet Tuniso-Belge de Médecine Intégrée au Cap Bon, Nabeul, Tunisia 


SUMMARY A high incidence (over 20%) of obesity was found in 250 neonates living in a rural area 
of Tunisia, by using weight and ponderal index per gestational age as the nutritional index. Maternal 
diabetes was probably excluded. Two surveys on nutritional habits—one on the general population 
and the other on pregnant women-—showed a tendency to consume a high carbohydrate and low 
protein diet. The effect of a badly balanced maternal diet on the fetus is discussed. 


The Cap Bon peninsula is a fertile region of Tunisia, 
with a sedentary population living mainly on agri- 
culture, fishing, craftsmanship, and tourism. The fact 
that there are so many ‘big babies’ at birth prompted 
us to try to define fetal growth and nutrition. If 
more were known about the nutritional features of 
this population of neonates, there could be a better 
understanding of the country's health problems. A 
strategy of nutritional education for the pregnant 
woman and her child could then be established. 


Materials and methods 


We studied 250 newborn babies chosen at random 
from a nursery in Beni Khalled, a small town with a 
population of 10 000 in Cap Bon. The babies were 
all singletons, so 4 pairs of twins were excluded. The 
nursery is under the control of a midwife who is 
herself supervised by a doctor. Any dystocia 
requiring medical intervention is referred to the 
nearby regional hospital. 

Gestational age was determined using Dubowitz's 
method,! as we found in a blind study that this gave 
a margin of error of 4- 1 week.? Nutritional status 
was assessed using the method of Lubchenco et 
al?-* Rohrer’s ponderal index (PI) was used to 
calculate the relative amount of soft tissue mass 
present in an infant.-9 This was calculated as 
follows: birthweight (in g)/crown-to-heel length (in 
cm?) x 100. Using PI curves related to gestational 
ages the following classification was made (see Fig. 2). 
(1) Above the 97th centile: markedly excessive 
accumulation of soft tissue mass (marked obesity). 
(2) Between the 90th and the 97th centiles: moder- 
ately excessive accumulation of soft tissue mass 
(moderate obesity). 


(3) Between the 10th and the 90th centiles: pro- 
portionate soft tissue mass. 

(4) Between the 3rd and the 10th centiles: moder- 
ately reduced soft tissue mass (moderate mal- 
nutrition). 

(5) Below the 3rd centile: markedly reduced soft 
tissue mass (severe malnutrition). 

Because PI curves vary between one recommended 
method and another we chose Miller's classifica- 
tion? as the mean birthweight per gestational age 
of his neonates was close to that of ours. 

The diet of 150 pregnant women was assessed 
individually, by interviewing each woman. Student's 
t test was used for statistical analysis. 

Urine samples of 600 women were screened for 
sugar using Benedict’s reagent. 


Results 


The mean birthweights per gestational ages are 
shown in Table 1. Classification according to weight 
and gestational age is shown in Fig. 1 and Table 2. 

71% of neonates had normal birthweights," 0-8 % 
were small-for-dates, and a rather high percentage 
(2254) were large-for-dates. 5-675 of all neonates 
had birthweights «2500 g excluding twins (7:79; 
including them). The frequency of prematurity was 
20:85 . 

The mean PI per gestational age is shown in 
Table 3. 

No statistically significant differences were found 
between the means of any group at any week of 
gestation using Student's t test, except for girls at 
term. This lack of variation from week to week is in 
keeping with Miller's observations. Thus the need 
to determine gestational age precisely is not an 
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Table 1 Mean birthweights per gestational ages of 250 neonates 





Gestational age (weeks) 








35 36 37 38. 39 40-41 Term 
37—41 
No of neonates (boys and girls) 16 27 61 88 , 36 13 198 
Mean birthweight (g) 2:761 3 055 3-210 3 269 3.375 3.786 3-306 
SD 419 411 364 372 370 4il 
P P«O 001 NS NS P «0.01 
No of boys B 13 30 42 16 97 
Mean birthweight (g) 2 800 3.107 3 284 3.369 3-474 3 867 3.406 
SD 373 495 464 348 348 332 413 
P NS NS NS P«Q.02 
No of girls 14 31 46 20 4 101 
Mean birthweight (g) 2 736 3-007 3 154 3. *80 3.296 3.612 3 212 
SD 496 318 407 357 380 445 387 
P NS NS NS NS 
P value between boys and girls NS NS NS P «0-02 NS NS P«0-001 
3000 
FA 
4000 
90th 
3 Centiles 


Weeks 


3031 3233 34 35 36 37 


38 39 40 41 
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Fig. 1 Classification of neonates 
according to weight and gestational age. 
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essential requirement for nutritional classification 
for babies thought to be term ones.*~? Fig. 2 and 
Table 4 show the classification according to PI and 
gestational age. 

23:2% of neonates had excessive amounts of soft 
tissue mass, of whom 10:8% had a pronounced 
excess and 12:4% a moderate excess. 7:2% had 
reduced amounts of soft tissue mass (moderate 
6:4% and severe 0:8). 

If two methods of assessing nutrition are com- 
pared (birthweight and PI per gestational age) the 


following results can be found: (1) in the group of 
large babies (>90th centile), 73 7; had a high PI and 
27% a normal PI; (2) all small-for-dates babies had 
a normal PI; (3) in the group of neonates with a high 
PI (90th centile), 69% were large-for-dates, and 
31% were of appropriate weights for ages; (4) all 
neonates with a low PI had weights appropriate for 
ages. 

Each method seemed to measure different 
characteristics of growth. Among the large babies, 
73% had excessive amounts of soft tissue mass and 


Table 2 Classification of 250 neonates according to weight and gestational age 





























Gestational age (weeks) 
Preterm (20-892) Term (79 2%) 
Weight 30-34 35 36 37 38 39 40 41 Total 
(centiles) 
— — a — — No T0 
»29 n» 6 n—27 n-61 ncs88 n=36 nli n=? 
(3.694) (6 4%) (10-894) (4.492) (35.292) 4 4%) (4 4%) (0.84 
(90th) 3 2 5 14 17 T 6 1 55 22 
Appropriate 
(10-90th) 6 14 22 47 70 28 s 1 193 TI-2 
mali 
(< 10th) 0 0 0 0 I 1 0 D 2 0-8 
Table 3 Mean ponderal index per gestational age 
Gestatiomil age (weeks) 
35 36 37 38 39 40-41 Term 
(37-41) 
No of neonates (boys and girls) 16 21 61 88 36 13 198 
Mean PI 2-620 2.590 2-652 2:663 2 677 2-803 2 672 
SD 0 231 0 258 0.274 0.238 0.238 0-210 0-249 
P NS NS NS NS NS 
No of boys 8 13 30 42 16 9 97 
Mean PI 2.597 2-650 2 702 2 698 2-783 2-825 2.725 
SD 0-310 0.273 0.311 0-259 0 216 0-224 0 267 
P NS NS NS NS NS 
No of girls 8 14 3l 46 20 4 101 
Mean PI 2:643 2-535 2-604 2-633 2-594 2-755 2-621 
SD 0-130 0-240 0-227 0-216 0.223 0-194 0 219 
P NS NS NS NS P «0-05 
P value between boys and giris NS NS NS NS P<0 65 NS P<0:01 
Table 4 Classification of 250 neonates according to ponderal index and gestational age 
Gestational age (weeks) 
Total 
Ponderal index 30-34 35 36 37 38 39 40 4I 
(centile) (—9) (i= 16} (n—27) (161) (1-88) (n—36) (a= 1D (n=2) No y^ 
97th 1 3 3 7 6 4 2 1 27 10-8 
90-97th Q 0 2 7 14 5 3 o 3l 12 4 
10-90th 5 13 20 42 63 24 6 { 174 69.6 
3rd-10th 2 0 2 5 4 3 0 0 16 6.4 
«3rd | 0 0 0 1 0 0 0 2 08 
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could truly be described as obese, while 27% had a 
proportionately normal soft tissue mass and could 
thus be described as tall. A greater number of obese 
infants could be diagnosed by using the PI centiles 
(31% more) than by using birthweights only. PI 
centiles also gave a more accurate diagnosis of 
intrauterine growth retardation. Indeed, 18 neonates 
had a low PI and normal birthweights. 

A study of dietary habits of 150 pregnant women? 
had shown that the daily diet was based monoton- 
ously on couscous, pasta and bread, vegetables and 
fruit in season. Olive oil was profusely used for 
cooking and was even drunk; only one-third of 
these women could afford to eat meat more than 
twice a week; fish was sometimes part of the menu 
if in season and available; one-third of them did not 
eat eggs, and half of them did not drink milk or eat 
milk products. 


There was only one positive result in the urine 
samples of 600 pregnant women who were screened 
for sugar. Further investigations for diabetes were 
not considered necessary. 


Discussion ` 


The mean birthweight of term neonates in our series, 
and in several other series in Tunisia,*~ was similar 
to that found in industrialised countries. Birthweight 
alone was not a reliable indicator of fetal growth 
impairment,” and a more accurate assessment of 
the nutritional status could be made by using weight 
and the PI per gestational age. 

We found a large proportion of big babies in our 
population. More than 20% of them were heavy at 
birth and had excessive soft tissue mass, 73% of 
them were truly obese, and 27% were tall babies. 
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Data from developing countries suggest that the 
prevalence of obesity is increasing. Although ıt is 
usually fairly low in the general population, it can 
be surprisingly high among segments of the popu- 
Jation.19-H 

Theories about obesity vary but many reports 
suggest there is a possible correlation between 
weight in infancy, weight in childhood, and weight 
in adulthood. U- 

None of the 250 mothers was a known diabetic 
and the urine results from 600 pregnant women in 
the same population make diabetes an unlikely 
explanation for neonatal obesity. 

The nutritional habits of the general population 
in Tunisia suggest possible explanations for the 
high frequency of neonatal obesity. The total intake 
of ‘kcal per caput a day in Tunisia is 2250.29 This 
figure is close to the general mean figure found in 
developing countries (2200 kcal per caput a day). 
The normal diet is generally badly balanced. Indeed, 
a recent national study on nutrition showed the 
following proportions of caloric intakes in the local 
diet: carbohydrates 62:097, proteins 11:697, and 
lipids 26:474. This is a rather high carbohydrate and 
low protein diet. The main sources of calories are 
provided from cereals (62-255) and olive oil 
(18:279. Only 14% of proteins are of animal 
origin, while 86% are of vegetable origin (of which 
75% axe cereals). Olive oil 1s the main source of 
lipids (69-597), the rest coming from cereals and 
animal products. No difference was found in dietary 
habits between pregnant women and the general 
population. 

The importance of the nutritional status of a 
pregnant woman and the effect of her diet on her 
baby during pregnancy are well documented.!? 33-34 
A badly balanced and mainly hyperglucidic diet in 
the mother during the time of her pregnancy would 
lead to continuous proportionately higher passage 
of glucose and to a badly balanced 'fetal diet'. 

The clinical importance of fetal carbohydrate 
metabolism was reviewed by Gabbe and Quilligan.* 
Placental transfer of glucose is characterised as 
facilitated diffusion. Thus, although diabetic glucose 
levels are not reached in the mother, higher levels 
than normal are obtained in the fetus over a long 
period of time. The duration rather than the degree 
of hyperglycaemia may be important. Às maternal 
insulin does not cross the placenta, the fetus responds 
to the continuous increased glucose supply by 
increasing his own insulin secretion. This increase 
in substrate and insulin results in more glycogen 
synthesis, more adipose tissue, and a macrosomic 
infant, This series of mechanisms may explain the 
nature of obesity found in the babies in our popu- 
lation. 


The high frequency with which neonatal obesity 
was found, and the knowledge of the dietary habits 
of pregnant women should lead to a specific strategy 
of nutritional education. Such a strategy should aim 
at improving the balance of nutritional intakes-—that 
is, decreasing carbohydrates and increasing proteins 
(meat, fish, eggs). If for lack of money and reasons 
of custom the diet has to be mainly of vegetable 
origin, an appropriate combination of vegetables 
would provide all the essential amino-acids (chick 
peas, beans). 
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Intrathecal antitetanus serum (horse) with steroid in 
the treatment of neonatal tetanus 


ARUN KUMAR SINGH, ASHWANI BANSAL, S P GOEL, AND V K AGARWAL 
Department of Paediatrics, MLN Medical College, Allahabad, India 


SUMMARY 107 patients with neonatal tetanus were studied and the value of intrathecal antitetanus 
serum with steroid was noted. The mortality rate in a control group (68%) was significantly higher 
than that of the test group (37%). Furthermore, a delay in antitetanus serum administration was found 
to have a strong positive linear correlation with the mortality rate. In fact, the mortality rate for 
neonates who were given antitetanus serum 24 hours after the onset of convulsions was found to be 
as high as for the control group. This suggests that intrathecal antitetanus serum is ineffective unless 
it is administered within 24 hours of the onset of convulsions. There was no significant difference in 
mortality rate whether a dose of 100 units or one of 50 units antitetanus serum was given intra- 
thecally. The mean duration in hospital for survivals of the test group (7-4 days) was significantly 
shorter than that for survivals of the control group (10-4 days). No complication of intrathecal 
antitetanus serum was observed during the study. 


Neonatal tetanus is associated with a high mortality Materials and method 


and accounts for about 55% of neonatal deaths in 


rural India.! In one survey? it was reported to be the 
second most common killer of neonates; the first 
was prematurity. In many places the mortality even 
today ranges from 70 to 90% (Table 1). We have 
tried to reduce this mortality rate by using a method 
of treatment which is both economical and feasible, 
even for centres lacking elaborate facilities. 

Experimental studies with intrathecal antitetanus 
serum (ATS) in animals have shown encouraging 
results.” $ 17 Some workers 9-9 have tried ATS in 
adults with tetanus, but little work has been done 
to assess its value in the treatment of tetanus 
neonatorum.? 


Table | Mortality rates at various centres 





Author Place Noof | Mortality 
cases rate 
(79 
Pathakand Shah! Medical College, Baroda 123 88 
Vaishnava et al 14 Irwin Hospital, Delhi 465 T] 
Vakil ef af 15 JJ Group of Hospitals, 
Bombay 102 87 
Mehrotra et al 12 SN Children's Hospital*, 
Allahabad 363 79 
Loh Stew Gek!8 Malaya 174 91 
Spivey et al 16 New Orleans, USA 26 T]7 
Lorenz!’ Dresden, Germany 19 69 


*Part of MLN Medical College. 


The study was conducted in the isolation ward of 
SN Children's Hospital, Allahabad, during August 
and September 1978. The diagnosis was made 
clinically, and was independentlv confirmed by two 
senior consultants. All cases of tetanus neonatorum 
coming to the hospital were admitted. Admissions 
were labelled alternately as test (T) or control 
(C) by the sister in charge of the ward, and each 
patient was allotted a number. Patients in the 
test group were divided further, and given 100 or 
50 units ATS intrathecally, thus forming subgroup 
A or B. Two patients, in whom lumbar punctures 
failed (T9 and T26), were excluded from the study. 
Similarly 6 other patients (T1, T39, C29, C36, C39, 
and C3) left hospital against medical advice and 
likewise were omitted from the study. For ad- 
ministrative reasons it was not possible to have a 
double-blind trial, so a single-blind trial was carried 
out. 

107 babies were admitted with tetanus during the 
period of the study, so (excluding the 8) 99 cases 
were thus available (49 in the test group, and 50 in 
the control group). 26 babies received 100 units 
ATS intrathecally (subgroup À), and 23 babies 
received 50 units intrathecally (subgroup B). 

Lumbar puncture was done with the baby well 
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sedated. 100 units (or 50 units) ATS were diluted in 
1 ml (or 0-5 ml) distilled water and this dose was 
injected intrathecally, together with 2 mg dexa- 
methasone. Dexamethasone was added to lessen the 
risk of damage to the central nervous system by a 
foreign serum. 


Sedation. This was given in three schedules. 
Schedule 1 was given to patients with grade I, IL, or 
UL severity, and schedule 2 to patients with grade 
IV or V severity. Some patients with grade V 
severity, who were not able to be controlled with 
schedule 2 alone were given schedule 3 treatment. 


Grading 

Schedule 1 comprised chlorpromazine 5 mg, 
promethazine 5 mg, aud sodium phenobarbitone 
7:5 mg given through an orogastric feeding tube and 
repeated 8-hourly or less often. In schedule 2, the 
same drugs were used but sometimes the amounts 
were doubled, and they were repeated either 6- 
hourly or 4-hourly. In schedule 3, the patient was 
kept on intravenous diazepam (0-2 to 0-5 mg/kg 
per day), promethazine (5 to 7 mg/kg per day) and 
sodium phenobarbitone (6 to 10 mg/kg per day) 
were given in an infusion, the rate of infusion being 
adjusted according to the reflex spasms and general 
condition of the patient. Paraldehyde (0-15 ml/kg) 
rectally was given if necessary to control convulsions. 


Antitetanus serum (horse). 10 000 units of ATS were 
given intramuscularly to all patients in both groups. 


Care of umbilical stump. The umbilical cord of each 
patient was cleaned daily with spirit and 1% 


Table 2 Mortality rates in the two groups 


Group No of cases Deaths Mortality 
CA 

Test 49 18 37 

Control 50 34 68 

Total 99 32 53 


x2 m 9-64, P 0.005 


Table 3 Mortality rates in relation to incubation pei iod 


Incubation period Test group 
(da) s) 
No of Deaths Mortality 
cases rate (74) 
3to «5 4 2 30 
510 «7 23 il 48 
710 «9 19 4 21 
9to <II 3 1 33 
11 and longer 0 0 0 
Total 49 18 37 


* x? test, after continuity correction. 


gentian violet applied, as this was the presumed 
portal of entry for the infection. 


Antibiotics. 100 000 units of penicillin were given 
intramuscularly twice a day to all patients, together 
with 100 mg streptomycin intramuscularly daily. Any 
subsequent infection was treated by the appropriate 
antibiotic. 


Other drugs. Symptomatic treatment for various 
complications and symptoms—such as fever, con- 
stipation, diarrhoea, abdominal distension, chest 
infection—was given as and when required. 


Nutrition. Feeding was 4-hourly via an orogastric 
feeding tube, inserted by trained staff, and removed 
after giving the feeds and medicines. Any patient 
who had continuous spasms was given parenteral 
nutrition in case he inhaled vomit. 


General management. Patients were kept inaseparate, 
quiet ward and were handled as little as possible. 


Results 

The overall mortality rate for the 99 babies was 
53% (6855 in the control group and 37% in the 
test group) (Table 2). 


Age distribution. The earliest age at which tetanus 
was observed was 3 days and the oldest patient was 
13 days, the age being recorded at the onset of 
disease. As the infection occurs at birth, the age of 
the patient coincided well with the incubation 
period of the disease (Table 3). 

The mean incubation period for test group 
patients was 6:5 days, that for the control group 
6-9 days; the difference is not significant. 


Sex ratio. There were 10 girls (3 in the test group, 7 
in the control group), constituting 10% of the 
total number. Overall female mortality rate was 
4075 compared with 54% for males; the difference 
is not significant. The fact that there was a smaller 
number :of girls in the study is perhaps because 
fewer girls are brought to hospital, or it is possible 


Control group Significance* of difference 
No of ' Deaths Mortality 
cares rate (%) 
4 4 100 P<0- 50 
2 20 88 P«0.02 
16 9 56 P«0.05 
4 1 25 — 
2 0 0 — 
50 34 68 P<0 005 
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that girls are less affected by the disease. Once the 
disease has established itself the course is similar, 
regardless of gender. 


Period of onset. The time from the onset of first 
symptom to the first reflex spasm occurring in the 
neonate has been taken as the period of onset. 
The shorter the period of onset, the greater is the 
mortality (Table 4). The mean period of onset for 
babies in the test group was 14-1 hours and that 
for babies in the control group 15-4 hours; the 
difference is not significant. 


Socioeconomic status. 81 cases in the study came 
from the rural areas, where the incidence of neonatal 
tetanus is higher. However, mortality figures for the 
rural and urban areas were 54 and 47 % respectively; 
the difference is not significant. 


Grading. Patients were graded for the severity using 
the classification of Patel and Joag.” The following 


Severity of the disease was clearly related to mortality 
(Table 5). 

11 patients with grade II or IU severity were given 
Schedule I sedation. 66 patients with grade IV or 
V severity were given schedule 2, while 22 patients 
(12 in the test group and 10 in the control group) 
were given parenteral sedation (schedule 3). 17 
patients given schedule 3 died (9 ın the test group 
and 8 in the control group). 


Delay in giving intrathecal ATS. A linear relation 
exists between the delay in giving intrathecal ATS 
and mortality (Table 6). There is also a steep rise in 
mortality if ATS is given later than 24 hours after 
onset, although the number of cases in this group 
was small. This suggests that delay in giving ATS 
intrathecally is associated with higher rates of 
mortality, and that ATS is not of much benefit if 


Table 6 Mortality rates in relation to delay in giving 





features were noted: (1) Presence of lockjaw. (2) intrathecal antitetanus serum 

Presence of spasms. (3) Incubation period of 7 days 

or less. (4) Period of onset of convulsions of 48 REA peace eer soa 

hours or less. (5) Axillary or rectal temperature of CQ 

at least 37-2°C at admission or within 24 hours of oio «8hours 17 4 24 

admission. 8to «16hours 13 4 31 
Patients with all five features were classified as an NR 2 : 15 


having grade V severity, those with four were grade 
IV, those with only three were grade IIL, and so on. 
The majority of cases were grade IV or V. There 
were only 2 patients with grade II; both were in the 
contro] group and both survived. No case of 
grade I tetanus was brought to the hospital. The 
degree of severity was similar in both groups. 


Table 4 Mortality rates in relation to period of onset 





Correlation coefficient ‘r’ = -+ 0 96. 
Calculation of 'r': the correlation between number of hours delayed 
in giving ATS and mortality rate 1s calculated by arbitrarily grouping 
the number of hours of delay with the class interval of 8 hours, and 
observing the mortality rate in each class interval. ‘r’ is caiculated 
that the midpoint of each interval can reasonably be sub- 
stituted for calculations—for example, mortality rate 24% can be 
presumed to be concentrated at 4 hours’ delay in giving ATS, and 
so On. 














Period of onset Test group Contral group Significance" af difference 
(hours) 
No of Deaths Mortality No of Deaths Mortality 
cases rate (94) cases rate (%) 
Oto <12 26 13 50 24 18 75 P«O.1 
12to <24 15 4 27 16 11 69 P<0 05 
24to <36 6 I 20 7 3 43 P<0-5 
36 and longer 2 0 0 3 2 67 P«0.1 
* y2 test after continuity correction. 
Table 5 Mortality rates in relation to severity 
Severity Test group Control group Significance* of difference 
No of Deatks Mortality No of Deaths Mortality 
cases rate (%) cases rate (7) 
Grade H 0 0 0 2 6 0 — 
Grade III 4 0 0 5 3 60 P«0-10 
Grade IV It 2 18 19 7 79 P<0-05 
Grade V 34 18 53 33 24 73 P«0-10 





* x2 teat after continuity correction. 


530 Singh, Bansal, Goel, and Agarwal 


given later than 24 hours after the onset of the first 
spasm (Table 6). 


Dose of intrathecal ATS. ATS intrathecally was 
given with 2 mg of dexamethasone in two sub- 
groups. 100 units of ATS were given to 26 patients 
(subgroup A) and 50 units ATS to 23 patients (sub- 
group B). 9 patients died in each subgroup. Case 
fatality rates were 35 and 39% respectively for sub- 
groups A and B. These data show there was no 
appreciable difference (y? = 0:105; df=1) in 
fatality rates whether a dose of 100 units or 50 units 
ATS was given. 


Hospital stay. Intrathecal ATS helped to reduce the 
duration spent in hospital (Table 7). Generally the 
hospital stay for patients in the test group was 7:4 
days while that for patients in the control group was 
10-4 days; the difference is significant (P 0-05). 


Time of death. Table 8 shows the times of death 
from the onset of first symptom. There was no 
significant difference in the mean time of death 
between the test and control groups. The precise 
cause of death could not be ascertained in most 
cases as necropsies were not performed. 


Complications of intrathecal ATS. No immediate 
complication was observed and patients were 


Table 7 Duration in hospital of the patients who 
survived in the two groups 


Duration in Test group (n--3I) Control group (n 16) 
hospital a edes 
(days) No of yr No of p^ 
cases cases 

3to <5 6 19 2 13 

Sto «7 8 25 I 6 

7to <9 6 19 I 6 

9to «11 6 15 3 19 
11 and longer 5 16 9 56 
Mean duration in hospital 7 4 days (test group), and 10:4 days 
(control group). 


Standard error of difference — 1-32, P 0.05. 


Table 8 Time of death in both groups ` 





Time (days) Test group (n= 18) Control group (n= 34) 
No of patientz WA No of patients % 
who died who died 

Oto <3 4 22 7 21 

3to <5 4 22 14 41 

5to «7 3 17 7 21 

7to «9 t 6 1 3 

9 andlongec 6 33 5 15 





Mean time of death: test group —5-11 days, control group~5 0 days. 
Standard error difference of means (SE) — 0-13. 


discharged in a satisfactory condition, with no 
damage to the central nervous system. 


Discussion 


Tetanus antiserum with dexamethasone administered 
directly into the cerebrospinal fluid has reduced the 
mortality, in tetanus neonatorum and hastened 
recovery from the infection (Tables 2 and 7). ATS 
given within 24 hours from the onset of convulsions 
was effective, but if given later the results were less 
convincing (Table 6). Sanders et al.® suggested that 
the initial spasms were due to tetanus toxin circu- 
lating free in the cerebrospinal fluid, unfixed to 
nervous tissues, and available for neutralisation. 
After 24 hours, when the toxin is presumed to be 
fixed to the anterior horn cells, intrathecal ATS 
ceases to'have much effect. 

Patel et al studied the circulation of ATS in 
cerebrospinal fluid: ATS had very poor penetration 
into cerebrospinal fluid when not given intrathecally. 
Intrathecal ATS was given experimentally through 
two approaches, lumbar and cisternal, and was 
found to have almost similar effects on mortality 
rates in experimental animals. 

In summary, we believe that the administration of 
intrathecal ATS with steroid 1s effective. Our 
patients in both groups had tetanus of a similar 
degree of severity (Table 5), they were given the 
same schedules of treatment, and had the same 
nursing care. Previous results for tetanus neona- 
torum? from the same institution gave a mortality 
rate of 79%. 


We thauk Professor B B Sharma, MLN Medical 
College, for permitting us to carry out the study, 
Mr Rakesh Shukla for assistance with statistical 
calculations, and Dr A K Srivastava, Dr Prem 
Kumar, and the nursing staff of the isolation ward 
for their kind co-operation. 
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SUMMARY 19 young children (less than 5 years old) have received 31 renal transplants from 4 
live relatives and 27 cadaver donors. The 2-year allograft survival rate for the patients receiving 
their [st allograft from the 4 live donors was 75 + 22% while that for the patients receiving their 
Ist allograft from 15 cadaver donors was 26 + 11%. 10 children are currently surviving with 
functioning allographs (7 cadavers and 3 live relatives); 4 have died and 5 are undergoing dialysis after 
the loss of at least one allograft. Despite the poor allograft survival rate the fact that 7 children 
are surviving with cadaver allografts indicates that the lack of a living related donor should not 


prevent transplants in young children. 


Haemodialysis and renal transplantation are accept- 
able treatments for older children and adolescents 
with end stage renal disease. However, many 
paediatric nephrologists hesitate to recommend such 
treatment for young children and infants. 

Reports of renal transplants in children under age 
5 years are rare and results are sometimes dis- 
couraging. 8 In 1978 Hodson and co-workers’ 
reported a large series of renal transplants from 19 
related live donors (LD) and 4 cadaver donors (CD) 
in children less than 5 years old. Their results were 
similar to those for older children. We now give our 
experience with 31 renal transplants performed in 
19 children under age 5 years. Most of the allografts 
were from cadaver donors. 


Materials and methods 


Between September 1968 and March 1979, 19 
children (aged between 11 months and 5 years 1 
month) received 31 renal allografts from 4 LD and 
27 CD. 10 recipients received one allograft, 7 
received two, 1 received three, and 1 received four 
allografts. Eight recipients were girls and 11 were 
boys. The average age at the time of the initial 
transplant was 3 years 1 month; 2 infants were 11 
months. 

The primary renal diseases of the 19 children 
were: focal glomerulosclerosis (3), membranopro- 
liferative glomerulonephritis (2), obstructive uro- 
pathy (4), hypoplastic or dysplastic kidneys, or both, 


(3, haemolytic uraemic syndrome (2), cortical 
necrosis (1), medullary cystic disease (1), polycystic 
kidney disease with congenital hepatic fibrosis (1), 
infantile, nephrotic syndrome (1), and bilateral 
Wilms's ‘tumour (1). 

Haemodialysis was started before transplantation 
in 17 patients and 2 children were treated with 
peritoneal dialysis.) The average time of dialysis 
before initial transplantation was 5 months (range 
5 days to 13 months). Bilateral nephrectomy was 
performed before transplantation in 6 recipients, and 
simultaneously w-th transplantation in 3 recipients. 
The remaining 10 recipients did not undergo bilateral 
nephrectomy. 

During the period of dialysis each patient received 
at least one blood transfusion (mean 9:7; range 1-30 
units). Despite the blood transfusion (stored sedi- 
mented red blood cells) only 2 patients had preformed 
lymphocytotoxic antibodies before receiving their 
initial allografts. 

The ages of the donors of the 27 CD allografts 
were >12 years in ten cases, between 4 and 6 years in 
four, and <2 years in nine cases. All 4 LD allografts 
were from mothers who were between 27 and 30 
years of age. 

An extraperitoneal approach, with placement of 
the allograft in the iliac fossa as previously de- 
scribed,?° was used in each instance. The allograft 
ureter was reimplanted into the bladder via a 
ureteroneocystosiomy. 

Immunosuppressive therapy consisted of azathio- 
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prine and prednisone as previously described.!? The 
amount of each drug was calculated according to 
weight of the patient. No recipient underwent 
thymectomy or splenectomy, and none received 
x-irradiation. Since September 1976, 7 recipients 
have had antithymocyte globulin in a dose by 
rosette protocol (Upjohn Co., Kalamazoo, Mich.).H 
The criteria for the diagnosis of rejection and treat- 
ment schedule have been described.1? 


Results 


Patient survival. Of the 19 recipients, 10 are cur- 
rently surviving with functioning allografts (7 1st, 
3 2nd), 4 have died, and 5 are undergoing dialysis 
while awaiting new allografts. The most recent serum 
creatinine level of the 10 recipients with functioning 
allografts is 0:3 to 6-0 mg/100 ml (26-5 to 530 
umol/l) with 8 receipients having a serum creatinine 
level «1:0 mg/100 ml (<88-4 umol/l). The low 
serum creatinine levels in these young children did 
not influence the prompt diagnosis of rejection 
episodes. The 1- and 2-year actuarial patient 
survival (+ SEM) was 83+9% and 75 +11% 
respectively. 

Two children died within the first month after their 
transplants, during the period when the CD allograft 
was recovering from acute tubular necrosis. One 
recipient with a primary seizure disorder died with 
status epilepticus, and one recipient with biliary 
dysgenesis died with a bleeding diathesis. The other 
two deaths occurred in recipients with functioning 
allografts-—one 4 months later from gastrointestinal 
haemorrhage, and one 18 months later from 
aspiration after a seizure. 


Allograft survival. Three of the 4 LD allografts are 
currently functioning 30 to 66 months after trans- 
plants. The 1- and 2-year actuarial survival rate for 
the 4 LD allografts was 100% and 75 +22% 
respectively. 

Of the 27 CD allografts (15 Ist, 9 2nd, 2 3rd, and 
1 4th), only 7 (4 Ist, 3 2nd) are currently functioning 
1 to 91 months after the transplants. The 1- and 2- 
year actuarial survival rate for all 27 CD allografts 
was 41 + 10% and 31 + 10% respectively; for the 
15 CD Ist allografts it was 33 + 12% and 26 + 11% 
respectively. 

Of the 21 (20 CD and I LD) allograft failures 7 
were lost to irreversible acute rejection at 1 to 29 
days after the transplants and 7 were lost to chronic 
rejection at 5 to 89 months after the transplants. 
Four recipients died with a functioning allograft as 
described, and 3 allografts were lost as a result of 
technical problems. The last group comprised 
haemorrhagic infarction of an anencephalic kidney 


secondary to high venous pressure from an arterio- 
venous fistula in the thigh, bleeding from the 
anastomotic site requiring allograft removal, and 
haemorrhagic infarction 2448 hours after the 
transplant of an allograft from a 4-month-old donor 
with two renal arteries. 


Complications. The significant complications encoun- 
tered are shown in Table 1. The recurrence of the pri- 
mary disease was demonstrated in three allografts of 
2 recipients. Nephrotic syndrome developed within 
the first week after the transplant in two successive 
allografts of a child whose original disease was the 
nephrotic syndrome and focal glomerulosclerosis,!? 
and histological evidence of the dense deposit 
variety of membranoproliferative glomeruloneph- 
ritis was present in the allograft of another child.? 


Growth. Linear growth and growth velocity were 
evaluated in 5 girls (Fig. 1) and 6 boys (Fig. 2) who 
survived with functioning grafts for at least one 
year. In 4 recipients (2 LD and 2 CD) catch-up 
growth was observed after transplantation, however 
in no instance was the increase in growth velocity 
sufficient for the patient to reach the 5th centile. A 
growth rate of >100% of normal continued for 2 
years in 3 recipients, and for more than 3 years in 
1 recipient. The appearance of renal failure (plasma 
creatinine level 71:0 mg/100 ml) was associated 
with a greatly reduced growth rate in a recipient 
who had manifested previous catch-up growth. The 
introduction of alternate day corticosteroid therapy 
did not improve the growth rate in this recipient. In 2 


Table 1 Complications of transplants 
Complication 
Haemorrhage (n = 8) 


Arterial anastomosis 
Peritoneum 
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Bladder 
Intestinal 
Cerebral 
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Infection (n = 14) 
Varicelia 
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Fig. 1 Growth curve of girls with allografts functioning 
for more than one year. 
+ Start of alternate day treatment. | Start of chronic 
rejection. 
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Fig.2 Growth curve of boys with allografts functioning 
for more than one year. 

t Start of alternate day treatment. | Start of chronic 
rejection. 


additional recipients who received alternate day 
therapy for >1 year, it was not possible to show an 
unequivocal improvement of the growth rate. 


Rehabilitation. Of the 10 recipients with currently 
functioning allografts, 7 are attending regular ele- 
mentary. schools, 2 elementary schools for the 
handicapped, and 1 is at a nursery school. The 5 
patients who are currently undergoing dialysis after 
allograft failure are attending regular elementary 
school (1), elementary school for the handicapped 
(1), receiving hospital teaching (1), and nursery 
schools (2). Of the 4 recipients who died, only 1 
survived with a functioning allograft for >1 year 
and this patient had attended an elementary school. 


Discussion 


There have been few renal transplants in children 
under 5/years of age. As shown (Table 2), with the 
exception of the present series, 53 children have 
received 28 LD and 33 CD allografts. At the time of 
the reports 21 (75%) LD and 12 (36%) CD allo- 
grafts were functioning. 15 (28 %) recipients died after 
transplants (10 CD and 5 LD allograft recipients). 

In the present series 10 (5394) of the 19 children 
are currently surviving with functioning allografts 
(3 LD and 7 CD), 4 (21%) have died, and 5 are 
undergoing dialysis awaiting new allografts. The 
outcome with CD allografts however, is much poorer 
than our overall results with CD donor transplants 
in children.4 

Various immunological and nonimmunological 
factors influence allograft outcome. The immuno- 
logical factors include HLA antigen histocompat- 
ability,!^ recipient immunological responsiveness as 
indicated by the development of lymphocytotoxic 
antibodies,!® and the good effect of blood trans- 
fusions ‘before transplantation.?’ 

Since HLA A and B antigen histocompatability 
has not affected our overall results,!* it is doubtful 
that it influenced allograft survival in these younger 
children. No recipient was highly presensitised 
(509; lymphecytotoxic antibodies) before his 
initial allograft. Therefore, the poor outcome cannot 
be attributed to a prevalence of responder recipients. 
Similarly, each recipient received at least one blood 
transfusion before his initial transplant. 

The honimmunological factors adversely affecting 
allograft outcome are recipient age,!? coexistent 
multisystem disease," and primary renal disease.*? 
Recipients older than 45 years fare poorly after 
transplantation. The prevalence of concomitant 
cardiovascular disease in patients of this age is 
probably contributory. Coexistence of diabetes 
mellitus, oxalosis, or lupus erythematosis adversely 
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Table2 Summary of reported transplants performed in children aged under 5 years 





Reference No of No of Donors 
patients transplants 
Cadaver 

Martin ef al! 2 2 ] 
La Plante et al.2 2 2 2 
Belzer et al.? 13 15 9 
Cerilli et al.4 1 Í 1 

7 
Lawson ef al.5 7 9 
Vidne et al.6 3 5 5 
Hodson et al.7 21 23 4 
Kwun et al. 4 4 4 
Present study 19 3i 27 


Outcome 
Live Graft Graft Patient died 
relative removed functioning 
1 I 
1 
1 1 
ő i 3 5 
1 4 1 
I 
2 4 I 2 
i 1 
5 
19 3 i 
4 12 3 
3 l 
4 12 7 4 
1 3 





affects allograft outcome because of the associated 
multisystem involvement. The primary renal disease 
may recur in the allograft thereby adversely affecting 
outcome. 

Immunological factors accounted for two-thirds 
of the allograft failures in the present series. This 
incidence is similar to that in a large series.!? The 
nonimmunological causes of allograft loss were 
possibly related to recipient age. However, it is 
difficult definitively to implicate the recipients' age 
in the 3 technical failures or the 4 patient deaths. 
Two of the 3 technical failures could be related to 
donor age; however, anencephalic kidneys?! and 
kidneys from donors aged under 6 months have been 
used successfully.!? Since the recipients were managed 
in a paediatric institution experienced in the care of 
end stage renal disease, it is assumed that the non- 
immunological failures were not attributable to 
unfamiliarity with general paediatric care. 

The poor outcome of CD allografts indicates the 
need to justify this treatment for young children. 
Hodson et al.,’ suggested that ‘when possible, this 
should be carried out using living related donor 
kidneys, thus avoiding long periods of dialysis, 
which in the small child is frequently associated with 
vascular access problems, malnutrition, and pro- 
gressive renal osteodystrophy'. The problems en- 
countered in dialysing small children are often 
difficult to manage; however, the criteria for donor 
selection should be based on predictability of im- 
proved outcome. Although current data on allo- 
grafts show that LD is optimum regardless of 
recipient age, it must be remembered that nearly 
half of the CD recipients are currently surviving 
with functioning allografts. Therefore, the avail- 
ability of a LD should not be a prerequisite for 
initiating treatment for end stage renal disease. 

In addition to outcome, the two factors which 
should be considered before selecting a donor 


are growth and rehabilitation after transplantation. 
Hodson et al., in 1978,’ reported that most LD 
allograft recipients who survived with functioning 
allografts for longer than 6 months demonstrated 
catch-up growth. However, few recipients maintained 
catch-up growth during the second and third years 
after their transplants. 


The long-term results of linear growth in young 
children cannot be determined from the present 
series. However, catch-up or normal linear growth 
was observed in the 3 LD allograft recipients whereas 
similar growth was observed in only 3 of the CD 
allograft recipients. In at least 2 instances, poor CD 
allograft function contributed to reduced growth 
velocity.™ Introduction of alternate day therapy has 
had a salutory effect on linear growth, but further 
data are needed in order to determine the effect 
of alternate day therapy on adult height. 
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SUMMARY Liver biopsies were performed in 5 boys aged between 2 and 9 years with severe classical 
haemophilia who had persistently abnormal liver function tests. Abnormal histology was present 
in all; 4 had chronic persistent hepatitis and the fifth chronic aggressive hepatitis with early cirrhosis. 
Evidence of previous hepatitis B infection was present in one patient, 3 had antibodies to hepatitis 
A, and 2 had subnormal levels of -l-antitrypsin. Haemobilia occurred as a late complication of 
biopsy in one. The significance of these findings in young boys is discussed, as is the role of exposure 
to factor VIII containing blood products. It is concluded that cryoprecipitate should be used in 
preference to large pool factor VIII concentrates in children with haemophilia. 


During the last 2 years it has become apparent that 
haemophiliacs receiving regular treatment with blood 
products show a high incidence (40-60%) of ab- 
normal liver function tests.'-? Liver biopsies have 
been performed in some of these patients and they 
have demonstrated underlying chronic liver dam- 
age," ranging from benign chronic persistent 
hepatitis to chronic aggressive hepatitis and estab- 
lished cirrhosis. The causative agents are thought to 
be hepatitis viruses (either hepatitis B or non-A, 
non-B) transmitted in blood products, despite 
routine screening of donors for hepatitis B antigens. 
The risk of such contamination is greater in large 
pool factor VIII (FVIII) concentrates (in which each 
batch generally exposes the patient to at least 2500 
plasma donations) than in an equivalent dose of 
cryoprecipitate which contains between 5 and 10 
donations. The advantages of FVIII concentrates 
however, particularly in home treatment, are such 
that these are now the most commonly used form 
of FVIII replacement. 

Most liver biopsies done so far have been in adults 
who have received numerous treatments with plasma, 
cryoprecipitate, and FVIII concentrates; however 
the study of Mannucci et a/.4 included some children, 
suggesting that liver damage can occur in the young 
after a comparatively brief exposure to these agents. 
For this reason we decided to investigate further the 
incidence and nature of chronic liver damage in a 
purely paediatric population of haemophiliacs. 
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Patients and methods 


All severely affected haemophilia A patients aged 
between 2 and 16 years had liver function tests, and 
hepatitis B antigen and antibody screens performed 
at regular intervals during 1978. Some were treated 
with FVIII concentrates at home, and the remainder 
were treated in hospital with both cryoprecipitate 
and FVIII concentrates. 

Any patient who displayed persistently abnormal 
liver function tests for a period of at least 6 months 
underwent liver biopsy. None of these patients had 
symptoms of chronic liver disease or a history of 
clinical hepatitis, although one (Case 2) had developed 
greatly increased transaminases in association with 
abdominal pain and nausea 9 months earlier. 

All were screened for inhibitors to FVIII before 
biopsy. FVIII concentrate sufficient to increase the 
plasma level to 1-0 U/ml was given one hour before 
the procedure and thereafter 12-hourly for 72 hours. 
In one patient (Case 3) this was increased to 96 
hours after complications developed. Each patient 
was examined for autoantibodies (including anti- 
nuclear factor, mitochondrial, and smooth muscle 
antibodies), immunoglobulin levels, total protein, 
albumin and globulin levels, and «-1-antitrypsin 
levels. 

Liver function tests performed included serum 
bilirubin, alkaline phosphatase, serum alanine trans- 
aminase, and serum aspartate transaminase levels. 


538 McGrath, Lilleyman, Triger, and Underwood 


Hepatitis B screens were performed for surface anti- 
gen (HB,Ag), and antibodies to surface antigen 
(HB,Ab), and core antigen (HB,Ab) by radio- 
immunoassay and immunoelectrophoresis. 

Liver biopsies were carried out under general 
anaesthesia using a Klatskin or paediatric Jamshidi 
needle via a standard percutaneous route after 
obtaining written informed consent from both 
parents. 


Results 


Of 18 patients investigated, 5 were found to have 
persistently abnormal liver function tests, 4 had 
fluctuating abnormal results, and 9 had normal liver 
function on each assessment. 

The 5 patients with persistently abnormal liver 
function underwent liver biopsies, the results of which 
are given in the Table. Four of the 5 patients (Cases 


Table Comparison of biochemical data, FVIII concentrate exposure, and liver histology 














Case Range of values during preceding 6 months 
Age Bilirubin AST ALT HBAg HBAb HAAb Concentrate — a-1-Antitrypsin Biopsy histological 
(years) (pmol/l) (U/ml) (U/ml) exposure (g/l) diagnosis 
(no of batches) 
1 7 7-22 38-160 46-217 S negative S negative Positive 45 1-3 Chronic persistent 
C negative C negative hepatitis with some 
fibrosis 
2 9 7-14 15-90 15-378 S negative S negative Positive 19 1-9 Chronic persistent 
C negative C negative hepatitis 
3 10 7-17 61-201 41-354 S negative S positive Negative 19 1-4 Chronic active hepatitis 
C negative C positive with early cirrhosis 
4 2 4-13 47-89 63-115 S negative S negative Positive 14 1-9 Chronic persistent 
C negative C negative hepatitis 
5 3 6-13 66-142 58-159 S negative S negative Negative 13 1-8 Chronic persistent 
C negative Cnegative hepatitis 
Normal <20 <30 <30 Negative Negative Negative — 1-8-3-0 





Conversion : SI to traditional units—a-l-antitrypsin: 1 g/l œ~ 100 mg/100 ml. Bilirubin: 1 mol/l a: 0-058 mg/100 ml. 





Fig. 1 (Case 1). Dense inflam- 
matory cell infiltration of portal 
tract, smoothly demarcated 

from lobular edge. Slight fatty 
change is present within the lobule. 
Chronic persistent hepatitis. 
(Haematoxylin and eosin x. 400). 


Liver disease complicating severe haemophilia in childhood 





1, 2, 4, and 5) had histological evidence of chronic 
persistent hepatitis (Fig. 1), but Case 3 had chronic 
aggressive hepatitis and evidence of early cirrhosis 
(Fig. 2), with a few diatase resistant periodic acid- 
Schiff-positive granules. 

Only one patient (Case 3) had serological evidence 
of a previous hepatitis B infection, and his serum 
contained both HB,Ab and HB,Ab. Two patients 
(Cases 1 and 3) had moderately reduced amounts of 
x-l-antitrypsin and were found to be PiMS and 
MZ respectively. Cases 1, 2, and 4 had hepatitis A 
antibodies present in their sera, but no evidence of 
hepatitis B was found. Immunoglobulin levels, total 
protein, albumin, and globulin levels were normal in 
all 5 patients. No autoantibodies were detected. 

Four biopsies (Cases 1, 2, 4, and 5) were carried 
out without complication. Case 3 however, returned 
6 days later with nausea, blood-stained vomiting, 
right hypochondrial pain, and tenderness. Examin- 
ation showed slight jaundice and 5 cm hepatomegaly 
with no splenomegaly. The serum bilirubin, alkaline 
phosphatase, serum alanine and aspartate trans- 
aminases were greatly raised compared with previous 
levels. He was treated with FVIII replacement and 
remained in bed for 3 days. 24 hours after stopping 
treatment with FVIII he passed a large melaenic 
stool and his haemoglobin fell from 11-1 to 8:4 
g/dl. Barium meal and gastroscopy were normal, 
and there were no oesophageal varices. The gastro- 
intestinal bleeding settled with further FVIII 
replacement and bed rest, but 4 days later he 
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Fig. 2 (Case 3). Disruption of 
hepatic architecture by bridging 
fibrosis and incipient nodule 
formation. Chronic aggressive 
hepatitis. ( Reticulin X 160). 


developed severe right hypochondrial pain and 
became febrile. A globular mass was palpable in the 
right hypochondrium extending below the liver 
edge. Ultrasound examination demonstrated an 
enlarged gall bladder containing blood clots on the 
posterior wall. He was treated with intravenous 
ampicillin and the mass gradually became impalp- 
able. He is currently well, liver function tests have 
returned to prebiopsy levels, and further ultra- 
sonography shows a normal-sizec gall bladder. 


Discussion 


The frequency of abnormal liver function tests in 
our population of paediatric haemophiliacs was 
50% which, despite the relatively short exposure to 
FVIII replacement therapy, is similar to the in- 
cidence of 60% reported in adults. In half our 
children with deranged liver biochemistry this had 
been persistently abnormal for a period of at least 
6 months and in each such case liver biopsy con- 
firmed underlying chronic liver damage, ranging 
from chronic persistent hepatitis to chronic aggres- 
sive hepatitis with early cirrhosis. These findings are 
again in keeping with those of previous studies in 
adults in which chronic liver disease was found in 
all patients biopsied. 

The major difference in our study was the age 
range of the affected population (2-9 years), and the 
significance of abnormal liver histology may be 
much greater when it occurs in young children with 
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an otherwise relatively normal life expectancy. The 
natural history of chronic persistent hepatitis is 
uncertain but progression to chronic active hepatitis 
has been reported, and the prognosis of this 
disease in a young population who face continued 
exposure to the causative agents for many years is 
unknown. 

Only one of our patients had serological evidence 
of a previous infection with hepatitis B virus, whereas 
in previous studies? 5 7 more than 80% of patients 
with chronic liver disease had either HB, Àg, HB,Ab, 
or HB,Àb present in their sera. Again this may 
reflect the age of our patients who had mainly been 
exposed to concentrates prepared since the intro- 
duction of routine screening of donations for 
hepatitis B antigen, and it may be that non-À non- 
B hepatitis will now become more common than 
hepatitis B infection. Three patients had antibodies 
to hepatitis A but McVerry et al.? showed that there 
is no correlation between the incidence of this anti- 
body and abnormal! liver function tests in haemo- 
philiacs. 

Two patients (Cases 1 and 3) had a deficiency of 
a-l-antitrypsin, being PIMS and MZ. respectively. 
Such a heterozygous phenotype occurs in 3% of the 
population, with only 2 reported cases of an 
association with juvenile cirrhosis,?? but neverthe- 
less the finding of 2 patients with this type of 
deficiency in a small sample warrants further in- 
vestigation of a possible relationship between 
reduced a-l-antitrypsin levels and chronic liver 
disease in haemophiliacs. 

No complication of liver biopsy had been reported 
in haemophiliacs previously studied, but one of 
our patients (Case 3), developed clinical features 
consistent with haemobilia 6 days after biopsy. His 
initial presentation with features of acute hepatitis 
probably resulted from an intrahepatic bleed which 
was contained by FVIII replacement. When this 
treatment was stopped a further bleed occurred 
discharging down the biliary tree into the gall 
bladder and bowel. This is not unknown as a com- 
plication of liver biopsy and 1s often delayed for 
2-14 days after the procedure, and may therefore 
occur after the period of FVII replacement covering 
the biopsy. 

This study suggests that only brief exposure to 
FVIII concentrates (13-45 batches) is necessary to 
produce chronic liver damage in at least 25% of 
haemophiliacs requiring regular treatment. As 
children usually receive treatment in hospital until 
considered suitable for treatment at home, we 
recommend such patients should, if possible, be 


treated with cryoprecipitate in preference to large 
pool FVIII concentrates until the significance of the 
chronic liver damage is better understood, or until 
such FVIII concentrates have been refined to exclude 
viral hepatitis agents. 

We believe that biopsy is justified in patients with 
haemophilia in cases in which this is indicated on 
currently accepted hepatological grounds and if 
full precautions are taken. While none of our patients 
has so far received treatment as a result of this 
investigation, corticosteroids were seriously con- 
sidered in Case 3 and may yet be given. The severity 
of histological disease cannot be predicted by serum 
transaminase levels, and biopsy, with all its attendant 
hazards, is the only way of identifying those patients 
who might require treatment. Such patients may not 
be so few and far between, and may comprise an 
expanding number with a life shortening iatrogenic 
disease. 


References 


* Mannucci P M, Capitanio A, Del Ninno E, Colombo 
M M, Pareti F, Ruggeri Z M. Asymptomatic liver disease 
in haemophiliacs. J Clin Pathol 1975, 28: 620-4. 

Levine P H, McVerry B A, Attock B, Dormandy K M. 
Health of the intensively treated haemophiliac with 
special reference to abnormal Iriver chemistries and 
splenomegaly. Blood 1977; 50: 1—9. 

Spero J A, Lewis J H, van Thiel D H, Hasiba U, Rabin 
B S. Asymptomatic structural liver disease in hemophilia. 
N Engl J Med 1978 ; 298: 1373-8. 

Mannucci P M, Ronchi G, Rota L, Colombo M. A 
clinicopathological study of liver disease in haemo- 
philiacs. J Clin Pathol 1978; 31: 779-83. 

Preston F E, Tnger D R, Underwood J C E, et al. 
Percutaneous liver biopsy and chronic liver disease in 
haemophiliacs. Lancet 1978; if: 592-4. 

Chadwick R G, Galizzi J, Heathcote J, Cohen B J, 
Scheuer P J, Sherlock S. The natural history of chronic 
persistent hepatitis (abstract). Arch Hellenic Med Soc 
1977; 3: Supplement, 3. 

Lesesne H R, Morgan J E, Blatt P M, Webster W P, 
Roberts H R. Liver biopsy in hemophilia A. Ann Intern 
Med 1977; 86: 703-7. 

McVerry B A, Ross M G R, Knowles W A, Voke J. Viral 
exposure and abnormal liver function in haemophilia. J 
Clin Pathol 1979; 32: 3T7—81. 

Cruz M, Molina J A, Pedrola D, Mufioz-Lopéz F. 
Cirrhosis and heterozygous «æ; antitrypsin deficiency in 
a 4 year old girl. Helv Paediatr Acta 1975; 30: 501-7. 
Lieberman J, Sulton R M, Aghozzo C M, McMahon J. 
Hepatocellular carcinoma and intermediate a, antitrypsin 
deficiency (MZ phenotype). Am J Clin Pathol 1975; 64: 
304—10. 


Correspondence to Dr J S Lilleyman, Department 
of Haematology, Sheffield Children's Hospital, 
Shéffeld S10 2TH. 


Received 21 June 1979 


nm 


+t 


» 


a 


~- 


I 


e 


Archives of Disease in Childhood, 1980, 55, 541—543 


Lymphocyte subpopulations in anaphylactoid 


purpura 


S MUSUMECI, A SCIOTTO, A ROSALBA, S LI VOLTI, AND F MOLLICA 


Department of Paediatrics, University of Catania, Italy 


SUMMARY The immunoglobulins, complement components C3 and C4, lymphocyte subpopulations, 
and K-cell activity were studied in 13 children with anaphylactoid purpura and in 12 children of 
the same ages who acted as controls. The children with anaphylactoid purpura had sig- 
nificantly lower T-cell counts, greater K-cell activity and IgM values, and lower C3 levels than the 


controls. 


Patients with anaphylactoid purpura (AP) often 
develop renal involvement after the acute phase of 
the disease! Nephropathy in AP patients is 
probably due to immunocomplexes?-* which pre- 
cipitate in the glomeruli, as shown by immuno- 
fluorescence. In fact, circulating antigen-antibody 
complexes are known to be important factors in the 
pathogenesis of many glomerular lesions.? 

Lymphocytes have an important role in the patho- 
genesis of immunocomplex diseases. Therefore, it 
seemed worthwhile studying the lymphocyte sub- 
populations in AP patients. 


Patients and methods 


13 patients (6 girls and 7 boys) aged between 2 and 
10 (5-0 + 2-3) years and affected by AP were studied 
within 24 hours of admission to our paediatric clinic. 
All patients had skin lesions and joint pain, and 4 
of them also had abdominal pain; occult blood was 
present in the stools of 2 of them. Two children had 
severe renal involvement with proteinuria and 
haematuria, and one also had increased blood urea 
nitrogen. Symptoms generally disappeared spon- 
taneously in 2 weeks without treatment. As normal 
controls, 12 children aged between 3 and 12 
(4-5 + 2-5) years and admitted for nonimmuno- 
logical diseases were studied. The investigation had 
been approved previously by our ethical committee, 
and each study was made with the full informed 
consent of the mother, often in her presence. 
Immunoglobulins, C3 and C4 components of 
complement were estimated by single radial immuno- 
diffusion using the method of Mancini et al.,? with 
antisera purchased from  Behringwerke A G, 


Marburg-Lahn. Lymphocyte subpopulations were 
studied after separation from heparinised blood by 
Ficoll-Hypaque density gradient (Lymphoprep). 

T-lymphocytes were identified using the sheep red 
cell rosetting technique.9 B-lymphocytes were 
identified by the presence of fluorescence on their 
surfaces when treated with antiwhole immuno- 
globulins conjugated with fluorescein? K-cell 
activity was measured by ?!Cr-labelled chicken red 
blood cells (CRBC) technique: antibodies against 
CRBC were obtained in rabbits by injecting 1 ml 
10% cell suspension twice weekly for 3 weeks. For 
the assay, CRBC were labelled with 100 uCi ©Cr- 
sodium chromate for 30 minutes at 37°C, washed 3 
times with *RPMT 1640, and diluted to a concen- 
tration of 2:5 x 109/ml. Then 0-1 ml lymphocytes 
at a concentration of 5-0 x 10*/ml were placed in 
a plastic tube containing 0:5 ml inactivated antibody 
diluted 1:1000, 0:2 mi 9Cr-labelled red cells, and 
1:7 ml tissue culture medium. All the dilutions were 
made in RPMI, supplemented with 10% fetal calf 
serum previously adsorbed with CRBC. Control 
tubes without antibodies or lymphocytes, and a tube 
containing labelled red cells and distilled water were 
included in the experiment. 

After incubation at 37°C overnight, the tubes were 
gently centrifuged, the supernatant was collected 
and the radioactivity measured. Cytotoxicity was 
evaluated according to the formula: @'Cr sample 
tube—"Cr control tube/*!Cr distilled water—™Cr 
control tube) x 100. The spontaneous release of ®4Cr 
was always less than 10% in the control tube. 

Statistical comparison of AP and control groups 
was by Student's f test. 


*RPMI medium 1640, Eurobio, Paris. 
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Results 


AP patients had normal levels of IgG and IgA but 
higher levels of IgM compared with the controls. 
The C3 values were decreased in the patients, but 
C4 values were normal (Table 1). 

B-lymphocytes (expressed both in percentages and 
in absolute numbers) were similar in the two groups, 
whereas T-cell counts were significantly lower in the 
AP patients than in controls. The null cells were 
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Figure Antibody-mediated cytotoxicity to CRBC of 
lymphocyte from children with anaphylactoid purpura 
(mean 54-4 + 16-3) and from controls (mean 

10-45 + 4-3). Cytotoxicity was measured as described 
in the text. 


increased in AP patients (both in percentages and in 
absolute numbers) compared with the controls, but 
only the increase in percentage was significant by the 
Student's ¢ test (P —0-005) (Table 2). K-cell activity 
was significantly greater in AP patients (Figure). 

One patient developed severe nephropathy and 
was found to have high levels of IgA and low values 
of C3 and C4, while another patient (who also had 
renal involvement) was found to have a low level of 
C3 and normal values of immunoglobulins. In both 
patients as well as in those without nephropathy, 
K-cell activity was greatly increased, 50 and 46% 
respectively. 


Discussion 


We found increased IgM, normal IgA and IgG, and 
decreased C3 levels in our patients. These results are 
slightly different from those of Similä er a/., who 
found increased IgA and IgM. They are different also 
from those of Garcia-Fuentes et al., who obtained 
normal C3 and C4 levels in patients with AP. 

The presence of immunocomplexes in AP patients 
has been shown on the basis of low C3 levels which 
confirm complement activation, and by the finding 
of immunoglobulins—mainly IgA, C3, and fibrino- 
gen deposits—within the glomerular mesangium and 
capillary cells.!? Antigen-antibody reaction with the 
associated action of complement is conceivably the 
main factor leading to nephropathy in AP patients. 

According to the stage of differentiation and the 
nature of their surface receptors, immunocomplexes 
can modulate the lymphocyte function,? and 
changes in lymphocyte subpopulations probably 
play an important role in the pathogenesis of tissue 
damage by immunocomplexes. Their importance 
has been suspected in the nephrotic syndrome, and 
it has been attributed to imbalance between helper 
and suppressor T-cells.!* Renal involvement occurs 
with impaired antibody formation.!? 




















Table 1 Immunoglobulins and complement components C3 and C4 in children with anaphylactoid purpura compared 
with controls 

Age IgG IgA IgM C3 C4 

(years) (IU [ml) (IU [ml) (IU/ml) (g/l) (g/l) 
Patients (n — 13) 5.0 4- 2:3 10:1 + 3-7 109-0 + 54.7 168-2 4- 62-5 0-49 + 0-18 0-20 + 0-01 
Controls (n = 12) 4-5+2-5 11-5 + 3-7 83-3 + 42-8 116-2 + 48-3 1-13 +0-32 0-27 + 0-07 
P NS NS NS <0-005 <0-001 NS 
Table 2 Lymphocyte subpopulations in children with anaphylactoid purpura compared with controls 
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The changes in Ig levels, complement components, 


and lymphocyte subpopulations in our AP patients 
give additional evidence of the immune nature of this 
disease. In particular our lymphocyte data—low 
proportions of T-cells and high proportions of null 
cells, with raised K-cell activity—suggest there is a 
disturbance of lymphocyte function, which may be 
primary or secondary. 
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Intussusception in older children 


D TURNER, A M K RICKWOOD, AND R J BRERETON 
Department of Paediatric Surgery, Children’s Hospital, Sheffield, and Alder Hey Children’s Hospital, 


Liverpool 


SUMMARY In a retrospective series of 37 cases of intussusception in children over 2 years of 
ape, it was found that a subacute or chronic presentation was more common than in infancy, that 
few of them had rectal bleeding, and only a minority had a palpable intussusception. Diagnosis was 
often difficult but was helped by plain abdominal x-rays. Although the majority of children under- 
went surgery, with a 22% incidence of lead points, it is concluded that attempted hydrostatic 
reduction in these older children is not contraindicated, provided x-rays do not show small bowel 


obstruction. 


Intussusception mainly affects infants in whom it 
generally presents with a short history of colic, 
vomiting, and passage of blood per rectum, and the 
lesion is generally palpable abdominally or rectally. 
Rarely is an underlying anatomical cause found. + 
Less than one-quarter of cases of intussusception are 
in children over age 2 years, but these older children 
have a less consistent mode of presentation, offer a 
greater diagnostic challenge, and are more likely to 
have an underlying cause.57? As such children had not 
hitherto been considered separately, we now review 
our experience of intussusception with them. 


Case material and findings 


The series comprised 37 consecutive cases of 
intussusception in children aged at least 2 years. Each 
child had been seen either at the Sheffield Children's 
Hospital or the Alder Hey Children's Hospital, 
Liverpool, between 1973 and 1978. The children's 
ages are shown in Fig. 1. 22 (59%) of them were 
boys. Two had Schónlein-Henoch purpura and 2 a 
history suggesting a recent viral illness. Most were 
underweight at presentation: 7 were below the 
3rd centile, 11 between the 3rd and 25th centiles, and 
only 4 above the 50th centile for weight. Three 
patients in whom symptoms had been present for 
longer than 2 weeks had pronounced weight losses. 
In Fig. 2 the principal clinical features in these 
children are compared with those of a composite 
series of 1386 patients derived from two series 
published from Glasgow*-? and two from North 
America. *-5 As 77% of the patients in the latter 
series were under age 2 years, the composite series 
largely reflects the spectrum of the disease as it 
affects infants. 


The older children tended to present with a longer 
history; in 6 patients the duration of symptoms was 
between 7 and 14 days, and in 4 it exceeded 14 days. 
The general condition of the children was not related 
to the length of history, but rather to the severity of 
vomiting; this was not the case in the series 
containing a large proportion of infants.* Although 
the number of patients with vomiting and abdominal 
pain was comparable between the series, 3 children 
in our series had atypical, continuous pain, and 
16 patients had mild or intermittent colic. The 
proportion of older children with rectal bleeding was 
markedly smaller, and there were fewer with 
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Fig. 2 Principal clinical features in our series compared 
with those in a composite series of infants and older 
children. 


palpable intussusceptions than in the composite 
series. There were 4 patients in whom the intussuscep- 
tion was not initially palpable, although during 
repeated examinations between 24 and 48 hours 
after admission to hospital it became so. 

Only 3 children exhibited all four of the principal 
features of intussusception, and 22 (59%) only one 
or two. The features most likely to lead to a diagnosis 
of intussusception are bleeding per rectum and a 
palpable mass; and one of these (or both) was found 
in 22 (59%) patients. In 20 children in whom the 
intussusception was not palpable, 11 had other 
abdominal signs (6 tenderness, and 5 tenderness and 
guarding over the site of the intussusception), while 9 
had no abdominal signs, of whom only 1 had passed 
blood per rectum. Other clinical features included a 
change of bowel habit in 24 children (17 with loose 
motions or passage of mucus, 7 with constipation) 
and these included all but one of the children with a 
history of more than 7 days. 26 children were 
pyrexial. There were 13 children with normal total 
and differential white blood cell counts, and 15 with 
abnormal counts (3 <10-0 x 10?/l with lympho- 
cytosis, 12 >10-0 x 10?/I with leucocytosis). 

As the mode of csssentetion was so often atypical, 
it was not surprising that in 5 children the diagnosis 
was not established until between 48 hours and 1 
week after admission to hospital. It was in the 
atypical case in particular that a plain abdominal 
x-ray proved helpful (Table) and this was the 
principal diagnostic clue in each of 8 children with 
no abdominal signs. Two barium enema examina- 
tions were performed purely for diagnostic purposes, 
and the other enemas were given in the hope of 
achieving hydrostatic reduction of the intussuscep- 
tion. From this small sample, it would not seem that 
the chance of success is related to the duration of 
symptoms (Table). 
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Table X-ray findings 
Plain x-rays of abdomen (erect and supine) n — 32 
Principal radiological feature 
Soft tissue mass 17 
Small bowel obstruction 6 
Fluid levels right iliac fossa 5 
Absence of gas right iliac fossa 2 
No abnormal features 2 
Barium enema, n = 18 
Diagnostic only 2 
Attempted hydrostatic reduction 16 
Failed 9 (4 history > 24 hours) 
Successful 7 (3 history > 24 hours) 


(2 recurred) 





30 children had operations for their first episode 
of intussusception. In 18 the lesion originated at 
or near the ileocaecal junction (ileocolic), and 12 
more proximally (10 ileoileal, 2 jejunojejunal). The 8 
examples of lead points (6 Meckel's diverticula, 2 
Peutz-Jehger polyps) were found only in the more 
proximal lesions. There was an incidence of 22 5; of 
lead points compared with 4% in the composite 
series. If the x-rays are compared with the operative 
findings, 5 of 6 children with x-rays showing complete 
bowel obstructions had proximal lesions, and all 
except one contained lead points. The ease of re- 
duction was not related to the length of history. Four 
intussusceptions were irreducible, 3 with lead points 
and 1 with Schónlein-Henoch purpura; these required 
resection and primary anastomosis. Two children 
with recurrent lesions had a limited right hemi- 
colectomy in the mistaken belief that the caecum 
contained a polyp. There was no mortality or major 
morbidity in the series. 


Discussion 


With the exception of children with lead points or 
Schonlein-Henoch purpura, the cause of intussuscep- 
tion in older children was unknown. Unlike 
intussusceptions in infants, a change of diet cannot 
be implicated and only seldom is there any clinical or 
haematological evidence of a viral aetiology. It is not 
clear why so many children were underweight. 
Intussusception is rare in older children and, 
especially in those with atypical presentations, can 
easily be missed. The major diagnostic clues, rectal 
bleeding and a palpable lesion, were absent in nearly 
half the cases. Other features, such as a change in 
bowel habit, are inconstant, while a pyrexia or an 
abnormal white cell count serve only to indicate that 
the symptoms have some organic basis. The condi- 
tion in older children may readily be confused with 
gastroenteritis, mesenteric adenitis, acute appendi- 
citis, or even nonspecific abdominal pain. The 
majority of patients with prolonged histories, the 
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subacute and chronic intussusceptions, are older 
children,9-! and although they usually seek medical 
advice at an early stage in their illness, the diagnosis 
of intussusception is seldom entertained. We agree 
with Middlemiss!'? that plain abdominal x-ray is a 
most useful investigation, especially in the atypical 
case, and we recommend it if there is the least 
suspicion of an intussusception. Although some of 
the x-ray signs may be subtle, they should not escape 
the attention of an experienced radiologist. 

We suggest that the altered spectrum of the disease 
in older children is largely a reflection of the greater 
diameter of the bowel wall in relation to its thickness, 
especially in the ileocaecal region where the quantity 
of lymphoid tissue decreases greatly in the first 2 
years of life.! This results in an intussusception which 
is ‘looser’, is less likely to bleed or to be obstructive, 
but is more difficult to feel. 

In managing such children we would not regard the 
age of the child and length of history as being in them- 
selves a contraindication to an attempt at hydrostatic 
reduction of the lesion. At any age, shock or signs of 
peritonitis preclude this procedure. In older children 
we suggest two further contraindications: firstly, in 
the exceptional case if there is clinical reason to 
suspect the existence of a lead point—for example a 
patient with Peutz-Jehgers'ssyndrome—and secondlv, 
if a plain x-ray shows small bowel obstruction. A 
child with the latter is likely to have an ileoileal or an 
even more proximal lesion, inherently less amenable 
to hydrostatic reduction,® !? and in addition generally 
contains a lead point. Our success rate with hydro- 
static reduction in older children has been rather low, 
but we feel that this was mainly due to the inadequate 
sedation that was given in many cases. 
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Symptomatic zinc deficiency in a breast-fed, 


preterm infant 


P J AGGETT, D J ATHERTON, JUDITH. MORE, J DAVEY, H T DELVES, AND 


J T HARRIES 
Institute of Child Health, London 


SUMMARY A 2-month-old preterm boy who developed symptomatic zinc deficiency while being 
exclusively breast fed is described. Oral zinc supplements induced a complete remission but mucosal 
Zn uptake studies and metabolic balances conducted before and after withdrawal of the supplements 
excluded the diagnosis of acrodermatitis enteropathica. By age 12 months the boy was well and no 
longer required zinc supplements. Other possible causes of this patient's symptomatic zinc deficiency 
are discussed and these should be considered in the immediate and long-term management of 


preterm infants. 


Zinc is essential for optimum growth and develop- 
ment,! and although both term and preterm infants 
may be in negative zinc balance for some time after 
birth? the development of the clinical mani- 
festations of zinc deficiency in infancy has not been 
reported in the absence of factors such as intravenous 
feeding or the inborn error of zinc absorption 
acrodermatitis enteropathica. Human breast milk is 
probably a better source of zinc for the young 
infant than cows' milk since it may contain a factor, 
not present in cows’ milk, which facilitates zinc 
absorption. However the development of acroder- 
matis enteropathica in a breast-fed, preterm infant,® 
and of symptomatic zinc deficiency tn 2 preterm 
infants who had received intravenous feeding for 6 
and 3 weeks before the introduction of breast 
milk, suggests that human breast milk does not 
completely protect against symptomatic zinc 
deficiency. 

This paper describes a breast-fed, preterm infant 
who developed profound zinc deficiency and low 
plasma copper concentrations in the absence of the 
above predisposing factors. 


Methods 


Blood was taken by venepuncture into trace metal- 
free heparinised tubes, and concentrations of plasma 
zinc and copper were determined by atomic absorp- 
tion spectroscopy (Instrumentation Laboratories 751 
spectrometer)? A peroral jejunal biopsy was 
obtained from just distal to the ligament of Treitz 
under fluoroscopic control; a portion of the biopsy 
was sent for histology and the remainder was used 


for Zn uptake studies as previously described.? In 
addition 3-day trace metal metabolic balance 
studies were performed.!? During the first balance, 
while the infant was breast fed, his intake at each 
feed was determined by test weighing and by 
collecting equal volumes of fore and hindmilk; 
aliquots of these samples proportionate to the 
amount ingested at each feed were pooled for 
analysis.1° 


Case history 


A white baby boy was born at 32 weeks’ gestation 
weighing 1-98 kg (50th centile allowing for gestation) 
to healthy unrelated parents; the neonatal period 
was uneventful. He was exclusively breast fed, apart 
from two cows’ milk formulae feeds which were 
offered during the first 5 days of life. At 2 months he 
developed a progressive facial dermatitis and similar 
lesions appeared on his fingers and perineum; a 
month later he developed diarrhoea and was 
referred to The Hospital for Sick Children, with a 
provisional diagnosis of acrodermatitis entero- 
pathica. On admission he weighed 3:8 kg (3rd 
centile) his length and occipitofrontal circumference 
were 54 cm (3rd centile) and 39:5 cm (50th centile) 
respectively. He was irritable and difficult to console. 
He had a severe symmetrical facial dermatitis 
(Fig. 1) with a similar eruption in the perianal area, 
and erythema, and slight peeling of skin on the 
dorsa of the fingers. 

Haemoglobin was 9:8 g/dl, with a total white 
blood count of 10-5 x 10°/landa normal differential. 
Plasma zinc and copper concentrations were 
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Fig. 1 Patient at presentation (age 3 months) showing 
severe symmetrical facial dermatitis. 


4-7 umol/I (30:7 ug/100 ml) (normal range 11-24 
umol/I (72-157 ug/100 ml)) and 8:1 umol/l (51-5 
ug/100 ml) (normal range 12-26 umol/l (76-165 
ug/100 ml)) respectively. Total serum protein 
was 0:54 g/100 ml with an albumin content of 
0:38 g/100 ml; the plasma alkaline phosphatase 
activity, a zinc-dependent enzyme, was 78 IUJ/l 
(normal range 71-247 IU/l) Plasma calcium, 
magnesium, inorganic phosphate, amino-acids, 
immunoglobulins, aspartate and alanine trans- 
aminases, and 5’ nucleotidase were normal, as was a 
chest x-ray and skeletal survey; skeletal maturity was 
compatible with age. Skin swabs grew Staphylococcus 
aureus. A metabolic balance showed net intestinal 
loss of zinc and copper, and net absorption of iron, 
manganese, calcium, and magnesium (Table); the 
maternal breast milk zinc content, measured after 


17 weeks’ lactation, was 8:86 umol/l (57-9 ug/100 
ml), copper content was 5:29 umol/l (33-6 ug/100 
ml), and iron and manganese concentrations were 
5-7 umol/l (31:9 ug/100 ml) and 0:86 umol/l 
(4:7 ug/100 ml) respectively. Jejunal biopsy histology 
was normal on light microscopical examination, and 
the mucosal uptake of 9?Zn achieved a tissue to 
medium concentration gradient of 13:5 compared 
with our control values of 4:3-11-0 (mean 7-5 + 0:8 
SE).? 

The patient was exclusively breast fed for another 
month and oral zinc sulphate 30 mg twice a day 
(210 umol (13:5 mg) elemental zinc daily) was 
instituted. Within 6 days there was a more responsive 
behaviour pattern and a complete resolution of the 
dermatitis and diarrhoea (Fig. 2). The plasma zinc 
and copper rose to 22 umol/l (144 ug/100 ml) and 
12:6 umol/l (80 ug/100 ml) respectively and the 
plasma alkaline phosphatase activity to 305 IUJ/I. 





Fig. 2 Patient 10 days after starting oral zinc 
supplements. 


Table ` Daily oral intake, faecal output, and net absorption of metals (umol/kg) and nitrogen (g/kg) in metabolic 


balance studies performed at 4 and 11 months of age 





At age 4 months 


At age 11 months 





Oral intake Faecal output 


Net absorption 





Oral intake Faecal output Net absorption 





Zinc 1-24 9.64 — 8-40 10-60 8-31 2-29 
Copper 0-74 2-54 —1-80 0-88 0-69 0-19 
Iron 0-80 0-57 0-23 11-03 7-17 3-86 
Manganese 0-12 0-11 0-01 4-24 3-66 0-58 
Calcium 1180 500 80 2280 1200 1080 
Magnesium 230 120 110 800 421 379 
Nitrogen 0-73 0-05 0-68 1-89 0-05 1-84 


LLL — ——  973M7- 


— Net intestinal secretion. 
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Weaning was started at age 6 months, he continued 
to thrive, and the zinc supplement was stopped at 10 
months. 

On readmission, aged 11 months, he weighed 
9:25 kg (50th centile), his length was 71 cm (25th 
centile), and development was commensurate with 
that of a term infant of the same age. Plasma zinc 
concentration was 21-5 umol/l (140 ug/100 ml), that 
of copper was 14-5 umol/l (92-1 ug/100 ml), and the 
plasma alkaline phosphatase activity was 159 IU/I. 
A repeat metabolic study demonstrated net intestinal 
absorption of zinc and copper (Table). 

When last seen aged 20 months the patient was in 
excellent health and thriving, having stopped zinc 
supplements 10 months earlier. Plasma zinc and 
copper concentrations were normal at 16 umol/l 
(105 ug/100 ml) and 30:1 umol/l (191 ug/100 ml) 
respectively. 


Discussion 


The patient had both clinical and biochemical 
evidence of zinc deficiency which was confirmed by 
the rapid and complete response to oral zinc 
supplements.! 

The major excretory route for zinc is via the 
gastrointestinal tract! and the relative rates of 
excretion and absorption of zinc will determine 
whether there exists a state of net intestinal absorp- 
tion or loss. The net intestinal loss of zinc observed 
in our patient could be explained in at least three 
ways: inadequate dietary intake of zinc, defective 
zinc absorption, or excessive loss into the lumen. 

The patient's zinc intake during the first balance 
study was low compared with other reported 
intakes in infants.? * This could have resulted from a 
barely adequate daily breast milk consumption 
(140 g/kg) which, in turn, might have reflected 
anorexia secondary to zinc deficiency.! The concen- 
tration of zinc in the milk was also low compared 
with data on human breast milk collected after a 
similar period of lactation,!! while the copper, iron, 
and manganese content approximated to or exceeded 
the median values from the same studies.!2—13 The 
trace element content of human milk declines 
during the course of lactation,"—!3 and the zinc 
deficiency in our patient may reflect a more general 
unsuitability of mature breast milk for preterm 
infants. 

The high tissue to medium ratio of 9Zn which was 
demonstrated in vitro at the time of the first balance 
exceeded our previously reported ratios in patients 
with acrodermatitis enteropathica and control 
subjects.? This suggests that zinc deficiency induces 
an adaptive mucosal response analogous to the 


increased in vitro mucosal uptake of iron which 
occurs in patients with iron deficiency.!4 

It has been proposed that human milk contains a 
ligand which facilitates zinc absorption and that the 
concentration of this ligand declines during lacta- 
tion. 1 Studies in the newborn rat suggest that this 
ligand no longer enhances zinc absorption after the 
intestinal mucosa has developed its own intrinsic 
ligand.? Our in vitro study, while indicating that our 
patient's jejunal mucosa was able to concentrate 
9?7n, does not exclude the possibility that a 
quantitative or a qualitative abnormality of such a 
ligand in the mother's breast milk impaired his in 
vivo absorption of zinc. 

Excessive loss of endogenous zinc into the 
intestinal lumen cannot be excluded as a contributory 
cause of the zinc deficiency in our patient but it 
seems an unlikely possibility. 

It appears probable that a low intake perhaps 
associated with impaired absorption of zinc caused 
the zinc deficiency in our patient. 

The cause of the low plasma copper levels and the 
net intestinal loss of copper during the first balance 
study is obscure. Impaired net absorption of copper 
has been noted in preterm infants? and, while there 
are no data on preterm infants, the plasma copper 
levels in this patient could be compatible with the low 
levels usually found in term infants until 2 or 3 
months of age. However, the increase in plasma 
copper concentration after zinc supplementation 
suggests a causal relationship with the zinc deficiency. 
The low serum copper concentrations in con junction 
with zinc deficiency in the 2 infants who had received 
intravenous feeding also responded to zinc supple- 
ments alone.* In contrast, however, the symptomatic 
copper deficiency observed in the breast-fed infant 
diagnosed as having acrodermatitis enteropathica 
was attributed to the antagonistic effects of her oral 
zinc supplement on copper absorption.® 

The diagnosis of acrodermatitis enteropathica in 
this patient is excluded by the continued good health 
after stopping zinc supplements, by the positive zinc 
balance in the second metabolic study while on a 
normal dietary zinc intake, and by the high mucosal 
zinc uptake in vitro. This emphasises the importance 
of withdrawing zinc supplementation at some time 
during the management of patients with suspected 
acrodermatitis enteropathica, to confirm the 
diagnosis. 

It has been suggested that preterm infants may 
develop zinc deficiency," and the absence of 
symptoms during infancy has been attributed to zinc 
being released from remodelling bone thereby 
delaying the onset of any symptomatic zinc deficiency 
until the second year of life? This report clearly 
demonstrates that symptomatic zinc deficiency can 
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occur during infancy and that it should be considered 
in the early management as well as in the long-term 
care ot preterm infants. 


The early history of this infant was presented at a 
meeting of the British Association of Dermatologists, 
and the abstract published in the supplement to the 
British Journal of Dermatology, July 1979. 


We thank Dr K V Sanderson and Dr R S Wells for 
allowing us to study this patient. 


PJAandDJA thank the Medical Research Council, 
and J M the Cystic Fibrosis Trust for financial 
support. 
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C-trisomy in a case of neonatal leukaemia 


M F WHITFIELD, D G D BARR, AND MAUREEN L O'RIORDAN 


Department of Child Life and Health, University of Edinburgh, and MRC Clinical and Population 
Cytogenetics Unit, Western General Hospital, Edinburgh 


SUMMARY A case of neonatal leukaemia of acute myeloid cell type was diagnosed at age 8 weeks and 
the patient died shortly afterwards with evidence of disseminated intravascular coagulation. An 
aneuploid malignant cell line 47,XY +C was found, in addition to the infant's normal constitutional 
karyotype. Eight other cases of congenital or neonatal leukaemia with aneuploid malignant cell lines 
are reviewed. C-trisomy is a commonly acquired chromosomal abnormality in a wide range of 
malignant and premalignant haematological disorders, and its possible significance in relation to 


leukaemogenesis in this case is discussed. 


Only eight cases of neonatal leukaemia with 
aneuploid malignant cell lines occurring in chromo- 
somally normal infants have been reported to 
date.'-5 The present child, a phenotypically normal 
male, had an aneuploid malignant cell line showing 
C-group trisomy. The clinical course, and relevance 
of this particular karyotype are described. 


Case report 


A boy born at term, weighing 3:44 kg, was the 
second child of a 30-year-old woman. There was no 
history of maternal illness or drug ingestion during 
pregnancy nor had there been a previous abortion. 
The mother had had two abdominal x-rays in mid- 
childhood but no x-ray exposure during pregnancy. 

The infant developed moderate physiological 
jaundice reaching a maximum indirect bilirubin level 
of 210 umol/1 (12:3 mg/100 ml). Both the mother and 
baby were group B Rh-positive and the baby's direct 
Coombs's test was negative. At age 7 weeks he 
developed cough and wheeze, and thereafter became 
progressively more irritable and listless with 
screaming attacks. Extreme pallor, deterioration in 
feeding, and the presence of melaena led to his 
admission to hospital at 8 weeks where he was 
noted to be well nourished but pale and irritable. 
There was head retraction, the fontanelle was tense 
and bulging, and there was congestion of the fundal 
veins, but no frank papilloedema. The liver and 
spleen were both hard, smooth, and 3-4 cm below 
the costal margin. There was a scattered discrete, 
generalised lymphadenopathy and a few cutaneous 
ecchymoses. 

Haemoglobin (Hb) was 3:1 g/dl, platelets < 
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10-0 x 10?/l, white cell count 1070 x 109/I, blasts 
7375, promyelocytes 1%, lymphocytes 24%, mono- 
cytes 275, There was total replacement of normal 
haemopoietic tissue in the marrow by primitive cells. 
These cells were of two types. The more numerous 
had dense-staining nuclear chromatin and relatively 
little cytoplasm, and were Sudan black negative but 
periodic acid-Schiff positive. The other type were 
larger and contained at least 3 blue-staining nucleoli. 
These cells had some Sudan black positive granules, 
and a few had periodic acid-Schiff positive blocks. 
These cells resembled reticulum cells. . 

Skull x-ray was normal, chest x-ray showed slight 
cardiomegaly, and the bone texture was normal on 
all x-rays taken. Cerebrospinal fluid had no increase 
in cells but protein was slightly increased at 0-6 g/l 
(60 mg/100 ml). 

Full bacteriological infection screen, viral serology 
for cytomegalovirus, and rubella were negative, and 
Venereal Disease Research Laboratory test of 
mother's blood at the antenatal clinic was negative. 

Plasma urea and electrolytes were normal apart 
from a low bicarbonate level of 14-5 mmol/l, but the 
uric acid level was grossly raised at 0-67 mmol/l 
(11:2 mg/100 ml). 

After packed cells and platelet transfusion, 
treatment with allopurinol 50 mg daily and 
prednisolone 15 mg daily was started while full 
morphological and cytochemical evaluation of the 
marrow was carried out. After transfusion Hb rose 
to 11-6 g/dl and platelets to 37-0 x 109/1. This was 
accompanied by a considerable improvement in the 
patient's general condition and there was no further 
overt bleeding. On the basis of the rather ambiguous 
histological appearance and cytochemical staining 
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properties of the marrow, and the lack of response in 
white cell count after 5 days of treatment with 
prednisolone, corticosteroids were stopped and 
treatment started with the quadruple cytotoxic 
regimen recommended by the British Medical 
Research Council for acute myeloid leukaemia in 
childhood. The induction therapy was thioguanine 
100 mg/m? orally on days 1 to 5, cystosine 
arabinoside 100 mg/m? intravenously on day 1 and 
subcutaneously on days 2 to 5, daunorubicin 
40 mg/m? intravenously on day 1, and vincristine 
1-5 mg/m? intravenously on day 1. He received 2 
days of full treatment and by the second day there 
was a reduction in the white cell count, with some 
necrotic cells evident in peripheral blood smears. 
Platelets were maintained at 44-0 x 10?/l, but 
despite this the baby began to bleed profusely from 
new heel stab sites, and spontaneous oozing—which 
proved difficult to control—occurred from sites of 
venepunctures carried out several days previously. 
A coagulation screen showed evidence of 
disseminated intravascular coagulation and the baby 
died 12 hours later from a massive gastrointestinal 
haemorrhage. Necropsy permission was refused. 


Cytogenetic studies. Examination of the X and Y 
chromatin of the buccal mucosal cells showed a 
result consistent with a normal male XY sex 
chromosome complement. Unfortunately peripheral 


blood was the only tissue available for cytogenetic 
analysis. Studies were carried out on cultured 
lymphocytes stimulated with phytohaemagglutinin 
(PHA) and examination of orcein and G-banded 
preparations showed a 46,XY karyotype. 10 cells 
were examined from a 24-hour blood culture, grown 
without the addition of PHA, and 7 of these cells 
contained 47 chromosomes. The additional 
chromosome belonged to the C(6—12--X) group, 
but it was not possible to identify it more precisely 
using chromosome banding techniques as the 
chromosome morphology was poor. The remaining 
nonmodal cells showed random chromosome loss. 
These results indicate the presence of an acquired 
abnormal chromosome complement in the malignant 
cell line, not reflected in the constitutional karyotype. 
Parental karyotypes were both normal. 


Discussion 


The clinical, blood and marrow findings, the 
exclusion of identifiable causes of a leukaemoid 
reaction, and the presence of an aneuploid malignant 
cell line confirm this as a case of acute leukaemia. 
The cellular morphology, cytochemical staining 
characteristics, and lack of response in peripheral 
blood leucocyte count after 5 days of high dosage 
prednisolone are compatible with the malignant cell 
line being myeloblastic-monoblastic (M4) although 


Table Neonatal leukaemia: cases with aneuploid malignant cell line 











Author Age at Cell type Tissue Karyotype Treatment 
presentation 
Hungerford} 3 months Lymphoblastic Blood + PHA 46,XY,— C+E, in 1 cell out 
of 7 counted 
Marrow 46,XY, —C,-- E in 1 cell out None 
of 8 counted 
Zussman et al.? Birth Promyelocytic/ Blood + PHA 46,XY 
myeloblastic Fibroblasts 46,X Y None 
Marrow 50% 46,XY,3p — 
Wagner et al,’ 2 days Lymphatic Blood + PHA Mixed. Hyperdiploid. Prednisolone + 6-MP for 
Extra GEFC 2 months 
Bauke et al.! Birth Myelomonocytic Blood + PHA 46, XX Before treatment 
Marrow 46,XX,+D,—16 
Marrow in After 6 months of 
remission 46,XX prednisolone + 6-MP 
Ponzone et al.4 | week M yeloblastic Blood + PHA 46, XX 
Marrow 90% of cells Before treatment 
46,XX,t(Bq + ,Dq—) 
Van den Berghe Birth Myeloid Blood without 46,XX,t(Bq + Cq—) None 
et al. PHA 
Sharp et al.5 6 weeks Lymphatic Blood + PHA 46,XY 
Blood without Before treatment 
PHA No growth 
Marrow 45 XY,—2G,-—E+C,+ mar 
Marrow in 3 weeks of 6— MP and 
remission 46,XY methotrexate 
Bjóness et al.? Birth Myeloid Blood + PHA 47,XY, +G None 
Fibroblasts 47,XY, +G 
Whitfield et ul. 7 weeks Myeloid Blood + PHA 46,XY 
(present case) Blood without Before treatment 
PHA 46, XY,+C 


rn —— — 


PHA = phytohaemagglutinin, 6-MP = 6-mercaptopurine, GEFC = extra chromosomes in these groups. 
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the appearances are not typical? It is particularly 
difficult to identify the precise cell type in neonatal 
leukaemia.!? 

Although the age of presentation lies marginally 
outside that accepted for a diagnosis of neonatal 
leukaemia, the clinical and haematological features 
strongly support such a diagnosis: the case is similar 
to the third group defined by Pierce! in whom 
myeloid leukaemia presents at 3 to 6 weeks. 

In nonmongoloid cases of congenital and neonatal 
leukaemia, the chromosome findings are generally 
normal although simultaneous determination of the 
malignant cell line, constitutional cell line, and that 
of the parents is lacking from most reported cases. 

Eight patients with congenital or neonatal 
leukaemia have been recorded in whom chromosome 
studies have shown an aneuploid malignant cell line 
in an otherwise normal child, and these and our own 
case are summarised in the Table. The patient of 
Bjóness et al? although phenotypically normal, 
seems likely to have had Down's syndrome. 

The significance of C(6—12--X) trisomy in the 
malignant cell line of our case has to be viewed in the 
wider context of chromosomal abnormalities found 
in other leukaemias. In the acute leukaemias a lack of 
cytogenetic uniformity has been found in extensive 
studies, but in the acute transformation stage of 
chronic myeloid leukaemia, the acute leukaemias, 
and in a variety of other myeloproliferative disorders, 
gain or loss of C-group (6—12--X) chromosomes 
has been described. Rowley's series!? appeared to 
show an increased incidence of disorders of 
chromosome 8 among such patients for which there 
was no satisfactory explanation. The First Inter- 
national Workshop on Chromosomes in Leukaemia!? 
has since confirmed this finding, trisomy-8 and 
monosomy-7 being the most common karyotype 
aberrations identified in a group of 139 adult patients 
with acute nonlymphocytic leukaemia. Rowley? 
suggested that the genetic constitution of 
chromosome 8 might be responsible for its apparent 
predisposition to nondisjunction in these malignant 
or premalignant cells, or possibly it is ‘the site of 
insertion or activation of a specific oncogenic virus 
or other agent’. The chromosome abnormality found 
in the malignant cell line might be specific for the 
oncogenic agent causing the tumour, rather than the 
clinical disease entity, the clinical manifestations of 
this chromosome change depending on a separate 
group of triggering influences. It is unfortunate that 
the specific identity of the extra C-group chromosome 
in our case could not positively be identified due to 
‘fuzziness’ of the preparations. 

The occurrence of disseminated intravascular 
coagulation has not previously been described in 
neonatal leukaemia, but is a well-known feature of 
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acute promyelocytic leukaemia (M3) in adults, 
particularly in patients whose cells contain Auer 
rods.'4 Our patient did not have Auer rods, nor did 
he have the karyotype abnormality peculiar to, but 
not invariably found in, M3, t(15q+,17q—). 

Although the other patients with aneuploidy in 
congenital or neonatal leukaemia had no uniform 
karyotype abnormality, the occurrence of C-trisomy 
in our patient with neonatal acute myeloid leukaemia 
links the disorder with a spectrum of myeloid-related 
malignant and premalignant haematological dis- 
orders in older patients sharing a similar karyotype 
abnormality, and suggests there may be a common 
aetiological factor in leukaemogenesis, irrespective of 
age. Chromosome analysis of unstimulated blood or 
marrow samples in addition to PHA-stimulated 
cultures should be carried out in all cases of 
congenital and neonatal leukaemia and other bizarre 
neonatal blood disorders, to determine the frequency 
of occurrence and importance of C-group abnor- 
malities in haemopoietic tissues in the newborn 
period. 


We thank Dr Elizabeth Innes, Department of 
Haematology, Royal Hospital for Sick Children, 
Edinburgh for help in the management of this case 
and preparation of this paper. 
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Comprehensive management of children on a 
paediatric ward: a family approach 


L BINGLEY, J LEONARD, S HENSMAN, B LASK, AND O WOLFF 
Department of Psychological Medicine, The Hospital for Sick Children, and Department of Child Health, 


Institute of Child Health, London 


SUMMARY A team approach in the comprehensive management of children on a general paediatric 
ward is described. The team comprises paediatricians, nurses, a child psychiatrist, and a social 
worker, with a psychologist, play-leader, and teachers making important contributions. In this way 
members of the team learn from each other, and the paediatrician in training gains valuable experi- 
ence about the management of children with emotional problems. The team approach is based on 
the principles of family therapy, but it also uses other forms of therapy—such as behavioural, 
marital, and individual. Children with severe psychosomatic problems in particular can be helped 
by such treatment, but other emotional problems are also suitable for management using such an 


approach. 


Frequently emotional problems cause illness in 
childhood and they can complicate the management 
of organic disease. In particular, much of the work 
of paediatrians is concerned with the management of 
a psychosomatic disorder in which the child's illness 
may be the presenting symptom of family conflict,! 
maternal illness,? or of problems outside the home. 
An illness in a child can affect other members of 
the family, and any treatment should consider not 
only the needs of that child but also the needs of the 
parents and siblings. In this paper a family approach 
to children admitted to a general paediatric ward is 
described. Hughes and Zimin? described a similar 
form of management for children admitted to 
hospital with psychogenic abdominal pain. Tomm 
et al.* described a family approach in the manage- 
ment of juvenile diabetes, and Lask and Matthew? 
evaluated the effectiveness of a family approach to 
childhood asthma. 


Family approach to childhood illness 


Physical illness in a child, especially if chronic, 
affects the whole family and can even lead to a 
breakdown of the family. Conversely, emotional 
conflict within a family may lead to illness in at 


least one child. In all illnesses there is a close 
relationship between physical, psychological, and 
social factors. The search for a single cause, physical 
or psychological, is often fruitless. An understanding 
of the components of a child's world, and of the ways 
in which his symptoms fit into the complex and 
constantly changing pattern of family relationships 
helps to plan and give effective treatment. If family 
conflict is a cause of the child's symptoms or if it is 
responsible for maintaining them, family therapy is 
indicated. 


Family therapy. Despite controversy about the 
definition of family therapy, it is agreed that its 
distinctiveness lies in the use of the concept of the 
family as a social system that may cause or aggravate 
the child's symptoms. The aim of treatment is to 
alter the family dynamics. Lask and Kirk, and 
Minuchin and Fishman! gave full accounts of family 
therapy in paediatrics. 


The ward and the patients. Our ward contains 20 beds 
with 8 cubicles that can accommodate parents. The 
family can visit at any time. 

The team comprises paediatricians (including 
those in training), a psychiatrist, nurses, a social 
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worker, a psychologist, a play-leader, and teachers. 
The team meets each week for about 90 minutes 
under the chairmanship of the psychiatrist to discuss 
the social and emotional needs of all the children 
on the ward, regardless of the medical diagnoses. 
The psychiatrist and social worker join the paedi- 
atricians for a full ward-round at least once and 
occasionally twice a week. 

Children with a wide spectrum of illnesses and 
conditions are admitted to the ward—such as 
physical or mental handicaps, metabolic disorders, 
collagen diseases, acute illnesses, and psychosomatic 
disorders. 

If there is a possibility that emotional factors 
contribute to or result from the illness, the social 
worker or psychiatrist joins the paediatrician for an 
interview with the family. Although these early 
interviews are concerned mainly with diagnosis and 
formulation of the problem, it is not possible to 
separate the process of diagnosis from that of treat- 
ment. Definition of the problem is often the start of 
treatment. 

During the first year the psychiatrist or social 
worker was closely involved in the assessment and 
management of about one-third of the children and 
their families (Table 1). Children needing closer 
involvement with the psychosocial team generally 
stayed longer in hospital. Two-thirds of the children 
had come some distance, having been referred for a 
second or even a third opinion because of the com- 
plexity of diagnosis and treatment. Even in children 
referred from within London, one-third of them had 
already been seen by at least one consultant (psychi- 
atrist or paediatrician). In many instances the 
importance of psychological factors in the causation 
of symptoms had been suspected by the referring 
doctors but the parents had been unable or unwilling 
to accept this opinion. 


Classification of cases requiring close involvement of 
psychosocial team. To illustrate the types of case 


Table 1 The patients 
Total children Referred for Not 
n — 286 formal referred 
psychosocial n — 190 (66%) 
assessment 
n —96 (3494) 
Sexes 
Boys 153 (54%) 50 (52%) 103 (54%) 
Girls 133 (4694) 46 (48%) 87 (46%) 
Total admissions 341 116 225 
Average length of 
admission (days) 16 33 7 
Average age (years) 5-1 6-1 4-6 
Origin of children 
London 155 (54%) 30 (31%) 125 (66%) 
Elsewhere 131 (46% 66 (69%) 65 (34%) 








Table 2. Diagnostic categories 
Problem Boys Girls 
(n — 50) (n —46) 

Psychosomatic, n = 30 (31%) 10 20 
‘Periodic syndrome’ 2 11 
Soiling 4 3 
Gross obesity with severe emotional problems 3 4 
Short stature due to emotional deprivation l — 
Anorexia nervosa — l 
Psychogenic faints — l 

Adaptation to physical illness, n= 38 (40%) 25 13 


Relationship between parents and their under 

3-year-old children, n= 16 (17%) 8 
Mental retardation, n —9 (9 °%%) 6 3 
Other, n —3 (3%) | 2 


oc 





referred we have classified the 96 children seen 
during one year into 5 groups (Table 2). 


Psychosomatic 

Any classification of diseases into those that are 
psychosomatic and those that are not is bound to be 
arbitrary and potentially misleading. Physiological, 
psychological, and social factors are important in 
the aetiology and maintenance of a wide range of 
conditions currently regarded as mainly of organic 
origin. The area of ‘psychosomatic relationships’ in 
childhood has been comprehensively reviewed by 
Graham.’ 

In this category we included those conditions in 
whose aetiology we judged psychological factors to 
be of prime importance. About one-third of the 
children referred for detailed psychosocial assess- 
ment were in this category. 

The term ‘periodic syndrome’ was used for the 
frequent occurrence of headaches, vomiting, ab- 
dominal pain, limb pains, and fever, singly or in 
association, as defined by Apley et al.8 ‘Soiling’ 
referred to constipation with overflow, or voluntary 
defecation in inappropriate places, or both. 


Problems of adaptation to physical illness 

This group made up the largest number of referrals 
and comprised children and their parents who were 
finding it difficult to cope with chronic illness or 
physical handicap. 

The intellectual, emotional, and social develop- 
ment of the child can be influenced directly by (1) 
the basic illness,® (2) the family's reaction to it,!? or 
(3) factors associated with treatment—such as 
separation, isolation, immobilisation, and medica- 
tion. 


Problems of relationships between parent and child 

These children were under age 3 and had a com- 
bination of at least 2 of the following symptoms— 
screaming, vomiting, sleep problems, feeding prob- 
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lems with or without failure to thrive, and toddler 
diarrhoea. Organic causes were excluded, and a 
disturbance in the relationship between the child and 
parents was evident. 


Mental retardation 

Nine children were referred for help with problems 
associated with mental retardation—such as parental 
rejection or ambivalence, inability to accept the 
diagnosis, management difficulties, and the need for 
advice about education and, in adolescence, sexuality. 


Others 

In 2 of these, the main family concern was about 
finance. The third case was a child with headaches 
in whom the psychiatrist had excluded a psycho- 
logical cause and the ophthalmologist diagnosed 
myopia of sudden onset. 


Management. At the weekly meetings and ward 
rounds, the team discusses the relative contribution 
of physical, psychological, and social factors to the 
child's illness, and plans management accordingly. 
The methods of management most commonly used, 
and defined in the Appendix, are shown in Table 3 
according to diagnostic category. We have included 
the category 'organic disease' to emphasise that our 
approach applies to all the children on the ward 
whether or not psychological or social problems 
exist. If, after at least one meeting with a family 
suspected of having important emotional problems, 
an adequate assessment has been completed, the 
choice of further modes of therapy (individual, 
marital, continuing family therapy, etc.) is made, 
in consultation with the psychiatrist and social 
worker, who also advise on which members of the 
team should be involved. The choice of such mem- 
bers will depend on their skills and experience, as 


Table 3 Use made of various methods of management 


well as on the special needs of the child and his 
family. 


Case illustrations. We give an example of each 
diagnostic category. 


Psychosomatic problem 

Sheila, 12 years of age, was admitted for investiga- 
tion of severe headaches of several months' duration. 
Physical examination and investigations showed no 
organic causes. Simultaneous preliminary enquiries 
into emotional aspects indicated no overt disturbance, 
but once the whole family had been interviewed 
important factors came to light. Sheila and her 
father had a very close relationship and her mother 
was on the periphery of the family with a job that 
kept her away from home from 7 p.m. to 4 a.m. 
The father, Sheila, and 6-year-old brother denied 
their evident resentment at the mother's absence. 
There clearly was marital disharmony, but its nature 
was difficult to explore because the parents deflected 
observations about themselves and would only 
discuss Sheila's symptoms. Because of their denial 
the conflict had remained unresolved, and had led to 
Sheila s symptoms. Once the family denial was 
challenged, the headaches disappeared, and the 
marriage then became the focus of lengthy treatment 
by the psychiatrist and social worker. An additional 
benefit resulting from the treatment was that the 
father's long-standing and much investigated weakness 
and paraesthesiae of the left arm and leg resolved. 


Problems of adaptation to physical illness 

Matthew, aged 8, the youngest of 5 children and the 
only boy, had intestinal lymphangiectasia diagnosed 
in early childhood. Initially the parents were given a 
poor prognosis and became overprotective, giving in 
to his every demand. When Matthew was 5, another 





Management Psychosomatic Problems 
illness 
Adaptation Relationship Associated Organic 
to physical between with mental 
illness parent and child retardation 
Explanation Frequently Frequently Frequently Frequently Frequently 
Counselling Rarely Occasionally Occasionally Frequently Occasionally 
Individual therapy with parent Occasionally Frequently Frequently Occasionally Rarely 
Individual therapy with child 
including play Occasionally Frequently Rarely Occasionally Rarely 
Family therapy Frequently Occasionally Occasionally Occasionally Rarely 
Marital therapy Frequently Occasionally Frequently Occasionally Rarely 
Behaviour therapy 
Modelling Rarely Rarely Frequently Occasionally Rarely 
Reward schemes Occasionally Occasionally Rarely Occasionally Rarely 
Relaxation and desensitisation Occasionally Occasionally Rarely Rarely Rarely 
Practical help Occasionally Frequently Occasionally Frequently Occasionally 
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physician gave a more hopeful prognosis and 
stressed the importance of continuing the special 
diet. This change in outlook led to resentment by 
the rest of the family towards Matthew because of 
the ‘sacrifices’ they had made for him. From the 
family interviews it became clear that the parents 
had used the diet as a means of discipline, and had 
threatened Matthew with the need for further 
hospital treatment with the result that he developed 
a needle-phobia. Matthew had become the scape- 
goat for the other problems in the family and had 
developed a poor self-image, with low school 
attainments. 

In the course of a few further sessions with the 
family, the social worker was able to help them to 
improve their handling of Matthew. The psycho- 
logist established a reward-based remedial reading 
programme which improved Matthew's competence 
and raised his self-esteem. A medical student, super- 
vised by the psychiatrist, eliminated the needle- 
phobia by desensitisation. 


Problems in relationship between parent and child 
Michael, a 24 year-old child, was admitted from the 
casualty department for investigation of frequent 
respiratory infections, failure to thrive, and be- 
havioural problems. The adults accompanying 
Michael were at first thought to be his parents, but 
later proved to be the grandparents who had usurped 
the parents’ position. The parents were young and 
immature and their self-confidence had been under- 
mined by the grandparents. Michael had become 
the centre of a family conflict because the paternal 
grandmother wanted the child in order to secure a 
new marriage. She resented her son's marriage and 
despised her daughter-in-law. Michael's failure to 
thrive and the behavioural problems were his 
response to the situation. 

The aims of treatment were to separate the 
parental and grandparental roles and encourage the 
parents to achieve greater independence. It was 
hoped that an appropriate nuclear family would be 
established, and the relationship between the grand- 
parents and parents be improved so that the grand- 
parents could face the loss of Michael. 

The social worker and paediatrician saw the 
parents on their own and they also had regular 
joint meetings with the parents and grandparents to 
tackle the intergenerational problems. ‘Modelling’ 
of appropriate parental behaviour by the nurses 
helped both generations to improve their handling 
of Michael. Michael spent several trial periods at 
home, each one of increasing duration, before he 
was discharged. Close support of the family by the 
ward team was necessary in order to prevent relapse. 


Mental retardation 

Veronica, the first child of parents in their late 
twenties who had had difficulty conceiving, was 
born with multiple handicaps including micro- 
cephaly, blindness, and dislocation of the hips. 
When these diagnoses were confirmed, the mother 
became overprotective, withdrawn, and agarophobic. 
The father, shaken by the severity of his daughter's 
handicaps and resentful of his wife's reaction, opted 
out of his family responsibilities. 

Treatment of the family by the social worker and 
paediatrician helped both parents to share their 
disappointment and adjust their expectations for 
Veronica's future. Specific help with handling was 
needed and included the use of ‘modelling’ by the 
nursing staff. Another aim of treatment was to 
strengthen the marital relationship so that the 
parents could share their responsibilities rather than 
work against each other. Treatment was successful 
in improving the quality of the marriage, and of 
Veronica's care by her parents. 


Outcome. The outcome of these 96 children and 
their families is summarised in Table 4. In each case 
the social worker and psychiatrist worked closely 
with the family's assessment and management. 
Because of the great variety of problems it is not 
possible to gauge outcome by simple criteria. 
Instead, for each case a definition of improvement 
or deterioration was prepared before the follow-up. 
The information on outcome was obtained between 
12 and 24 months after discharge from the ward. 
For those children who at the time of review were 
still attending the outpatient clinic, this information 
was obtained by the psychiatrist. For those no 
longer attending as outpatients, information was 
requested from the general practitioner or paedi- 
atrician currently in charge. Data are available for 
95 of the 96 cases. 

57 (60%) out of 95 children were rated as im- 
proved, the condition of 3 (3%) had deteriorated, 
and in 35 (37 %) there was no significant change. 

Treatment was particularly successful (75%) in 


Table 4 Outcome for 96 cases requiring close involvement 
of psychosocial team 


Not known 
(n — 1) 


Worse 
(n— 3) 


No change 
(n—35) 


Better 
(n — 57) 


Problem 


Psychosomatic(n —30) 18 11 1 0 
Adaptation to physical 

illness (n — 38) 21 15 l 1 
Relationship between 

parent and child 

(n=16) 12 4 0 0 
Mental retardation 

(n —9) 4 4 1 0 
Other (n — 3) 0 
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children who had difficulties in their relationship 
with parents. The least successful was the group 
with problems associated with mental handicap, 
in which only 45 % had improved. The improvement 
score for the psychosomatic group was 60%, that 
for the ‘adaptation to physical illness’ group 55%. 


Discussion 


Paediatricians are reluctant to admit children to 
hospital because of the danger of serious emotional 
repercussions,'*~!¥ although Rutter!* has challenged 
this view. Although we are aware of the potential 
danger, we find that hospital admission can be an 
effective means of exploring and resolving various 
complex family problems. During admission it is 
easier to hold repeated family interviews for diag- 
nosis and treatment. Furthermore, the admission 
tends to be seen as a critical step by the family in 
the child's treatment, and such a time of crisis 
presents an excellent opportunity for bringing about 
a positive change in family relationships. Admission 
can also be a valuable method of helping chronically 
ill or handicapped children and their families to 
achieve a better adjustment to their condition. During 
this time, the parents are relieved of the day-to-day 
care of their child, and are in a better position to 
see more clearly how the child's condition is affecting 
their marriage and the family. 

For admission to be therapeutically effective, the 
staff attitudes and the milieu of the ward are vital. 
The staff need to be not only caring and uncritical 
in their approach to the family, but should also be 
able to understand and accept criticism and hostility. 
They need to be wary of undermining parental 
self-confidence. The opportunity for the parents 
themselves to be ‘parented’ must be provided, as 
must the opportunity for parents to learn new ways 
of managing their children. Staff should be trained 
to adopt these caring attitudes, and to observe and 
report their observations of the family to the rest of 
the team. 

A. doctor confronted by a child whose symptoms 
may be emotionally determined needs first to con- 
vince the parents that such a possibility should be 
explored. In our practice if a diagnosis of a ‘psycho- 
somatic’ disorder seems likely, a joint interview 
between the family and the paediatrician, together 
with the child psychiatrist or social worker, is 
arranged early in the admission. We explain that 
while carrying out investigations to exclude certain 
organic conditions we plan at the same time to 
explore the possibility that stresses in the child's life 
may be responsible for the symptoms. At this stage, 
parents often find it helpful to have an explanation 
of the mechanisms whereby stress can cause symp- 


toms and to be advised how common such responses 
are. There are important advantages in the early 
involvement of the social worker or psychiatrist. 
This joint approach allows a gradual transition both 
in the focus of treatment and in the family's under- 
standing of the child's illness from the organic to 
the psychological. The alternative approach of 
delaying serious consideration of psychological 
factors until all possible organic diagnoses have been 
excluded has certain disadvantages. (1) Such an 
abrupt change of emphasis can lead the parents to 
reject the possibility of psychosomatic disease. (2) 
They may accept the possibility of psychosomatic 
disease but interpret it as unimportant compared 
with the feared organic disease, and therefore as one 
not needing further treatment. (3) Although they 
may accept the diagnosis of psychosomatic symp- 
toms, the parents may see the problem as solely that 
of the child rather than that of the whole family. (4) 
The delay in reaching the diagnosis may unduly 
prolong hospital admission and the parents may 
then for understandable and realistic reasons 
demand discharge before a therapeutically effective 
relationship can be established for continuing out- 
patient treatment. 

Continuing treatment of the family by the psychi- 
atrist or social worker jointly with a member of the 
paediatric staff, consultant or registrar, has the 
following advantages. (1) It enables both organic 
and psychological factors, and their relationships, 
to be discussed with the parents with greater pro- 
fessional expertise. The tendency during early 
interviews, for the family to continue to seek organic 
explanations for the symptoms can be more effec- 
tively dealt with. (2) The continuing involvement of 
the paediatrician helps to emphasise his concern for 
the family, his recognition of the importance of the 
symptom, and his awareness of the need for treat- 
ment. (3) The presence of paediatrician and social 
worker or psychiatrist may help the family to 
appreciate the unity of body and mind. (4) The use 
of therapists of the opposite sex can help families 
communicate more openly because different mem- 
bers of the family may find it easier to talk to a 
person of one sex rather than the other. Moreover, 
an effective working relationship between the 
therapists serves as a useful model of com- 
munication.!° 

This family approach is used not only for the 
management of psychosomatic disorders but also 
for that of the other diagnostic categories listed in 
Table 4. 

Many paediatricians have acquired expertise in 
the handling of emotional problems, and in their 
work have co-operated with and learnt from child 
psychiatrists.19715 The approach outlined in this paper 
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provides a useful opportunity for paediatricians in 
training to gain experience in the diagnosis and 
management of emotional problems of children and 
their families. As well as having detailed discussions 
of each family with the psychiatrist and social worker, 
they also have the novel experience of being 
involved in continuing joint family treatment with 
those professionals who have expertise in such work. 
The social worker and psychiatrist gain in expertise 
through team work with paediatricians and their 
work becomes more effective. Nurses in training 
also benefit from their involvement in the process of 
diagnosis and treatment. For the members of the 
team to gain these educational benefits it is essential 
that the social worker and psychiatrist be recog- 
nised as equal members of the team. Indeed, without 
such recognition the approach would be unlikely 
to succeed in its therapeutic aims. 

The approach described in this paper which com- 
bines several disciplines and aims to work with the 
whole family is bound to encounter problems. 
Perhaps the main one is the time required from 
various members of the team, but intensive work 
with families for a limited period is likely to save 
the time of professionals in the long run. Another 
problem deserving mention is the friction among 
members of the team which can be created by dis- 
turbed families who have a capacity for dividing mem- 
bers of staff, playing one off against another. Such 
problems are magnified when doubt about the 
relative importance of organic and psychological 
factors cannot be resolved quickly. The family 
approach to treatment is likely to be threatening, 
particularly to those members of the family who, 
having previously regarded the problem as entirely 
within the child, have become aware of their own 
contribution to the child's symptoms. Under such 
circumstances the parents’ anxiety and distress may 
show itself as aggression and lack of trust. Handling 
these reactions can be stressful to the staff, and 
regular team discussion is essential to support them 
and enable them to continue to work effectively with 
the family. Difficulties may also arise when several 
disturbed families are being treated alongside 
children requiring intensive nursing care for organic 
disease. Another problem which concerns the medical 
and nursing members of the team more than the 
social worker and psychiatrist is the relative slowness 
of response of some of the more disturbed families. 
Paediatricians and nurses have become used to 
seeing a quick response to the powerful therapeutic 
agents now at their disposal and may find it difficult 
to adjust their expectations and continue with 
tenacity and understanding through long and 
difficult phases of treatment. 

None of these problems has proved insurmount- 


able. There are however, circumstances when this 
family approach cannot be used or when it breaks 
down: one or both parents may refuse to co- 
operate, or the family may be so chaotic that it lacks 
the discipline for making repeated attendances. For 
families in which there is a paranoid illness or vio- 
lence, more careful consideration needs to be given to 
the applicability of family treatment, although it is 
not necessarily contraindicated. 

The assessment of our first year's work as a team 
has been retrospective and is open to criticism. The 
results give only a crude indication of what has been 
achieved. Nevertheless, despite the complexity of 
the problems treated, the outcome seems to compare 
favourably with that of other forms of psychiatric 
intervention.!? We have not had to transfer a child 
for psychiatric inpatient care, but if we had, such 
care would not have differed substantially from the 
management we describe. A further three years' 
experience has allowed us to refine the approach 
despite inevitable and regular changes of junior 
paediatric staff. 


Appendix 


Explanation. This may seem self-explanatory. In 
fact it is recognised that patients and relatives often 
fail to understand the explanations given them by 
their doctor,? who may have been too didactic in 
his approach, or may not have recognised that the 
patient or relative was too ‘shocked’ to take in the 
information given, or may for other reasons have 
failed to communicate clearly. For explanation to be 
successful, a two-way process is required in which the 
doctor will not only communicate the facts, but also 
help the parent or child to ask questions, express 
anxieties, and admit any failure to understand. 


Counselling. This involves giving advice about 
educational, marital, and personal difficulties. It 
differs from psychotherapy in that it is directive, and 
aims to provide help to overcome immediate 
difficulties by guidance and environmental manipu- 
lation. 


Individual psychotherapy. This is a method of treating 
an individual based on psychological rather than on 
physical techniques. It differs from counselling in 
being nondirective and aims to help the patient to 
find a way of resolving his own problems. It varies 
in complexity from simply helping the patient to 
express his worries to more complex psycho- 
analytically-orientated techniques. Individual psycho- 
therapy may be used for parents, in which case 
talking will be the main mode of communication, or 
for children, when talking, drawing, or play may be 
used. 
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Whole (conjoint) family therapy. This is the psycho- 
therapeutic treatment of the whole family together 
(that is ‘conjoining’ of the generations) aimed at im- 
proving the functioning of the family, and thus 
relieving children of stress arising from family 
dysfunction. 


Marital therapy. This is the psychotherapeutic treat- 
ment of the marital partners, aimed at improving 
the quality of the marriage. 


Behaviour therapy. This refers to a variety of treat- 
ment methods based on the theory that all behaviour 
is learned. Thus symptoms may be considered as 
maladaptive behaviour acquired by learning, which 
can be treated by learning a different behaviour. 


> Specific behavioural techniques are: 


Modelling 

This is the demonstration of behaviour. A nurse 
may model for a parent how to handle a child's 
temper-tantrum, or feeding problem. 


Desensitisation 

This is the process of substituting a response, such 
as relaxation, which counteracts anxiety. In this 
way the unlearning or deconditioning of psycho- 
physiological responses—such as tension head- 
aches—or of pure psychological responses—such 
as phobias—may be achieved. 


Reward schemes 

The use of rewards to encourage desired be- 
haviour—for example a child who soils because 
he is afraid to use the lavatory may be given a 
reward for just sitting on the lavatory. Once he 
has overcome his fear, he is rewarded for the 
appropriate use of the lavatory. 


We acknowledge the secretarial assistance of Miss 
Rita Nani, and the help of all members of the ward 
staff without whose co-operation the kind of 
approach described in this paper would not have 
been possible. 


References 


Minuchin S, Fishman H C. The psychosomatic family in 
child psychiatry. J Am Acad Child Psychiatr 1979; 18: 
76-90. 

Balint M. The doctor, his patient, and the illness. London: 

Pitman Medical, 1968. 

Hughes M, Zimin R. Children with psychogenic ab- 

dominal pain and their families. Clin Pediatr (Phila) 1978; 

17: 569-73. 

Tomm K, McArthur R, Leahey M. Psychologic manage- 

ment of children with diabetes mellitus. Clin Pediatr 

(Phila) 1977; 16: 1151-5. 

Lask B, Matthew D. Childhood asthma—a controlled 

trial of family therapy. Arch Dis Child 1979; 54: 116-9. 

Lask B, Kirk M. Childhood asthma—family therapy as 

an adjunct to routine management. J Fam Therapy 1979; 

1: 33-50. 

Graham P. Psychosomatic relationships in child psy- 

chiatry. In: Rutter M, Hersov L, eds. Child psychiatry— 

modern approaches. Oxtord: Blackwell, 1977. 

Apley J, McKeith R, Meadow R. The child and his 

symptoms. 3rd ed. Oxford: Blackwell, 1978. 

Graham P, Rutter M. Psychiatric aspects of physical 

disorder. In: Rutter M, Tizard J, Whitmore K, eds. 

Education, health, and behaviour. London: Longman, 

1970: 309-27. 

10 Lask B. Emotional considerations in wheezy children. 
J R Soc Med 1979; 72: 56-9. 

™ Stone F. Psychiatry and the paediatrician. Postgraduate 
Paediatrics Series. London: Butterworth, 1976: 122. 

? Bowlby J. Maternal care and mental health. Monograph 
Series 2. Geneva: World Health Organisation, 1951. 

13 Douglas J. Early hospital admissions and later disturb- 
ances of behaviour and learning. Dev Med Child Neurol 
1975; 17: 456-80. 

14 Rutter M. Maternal deprivation reassessed. Harmonds- 
worth: Penguin Books, 1972. 

15 Walrond-Skinner S. Family therapy—the treatment of 
natural systems. London: Routledge & Kegan Paul, 1977. 

18 Apley J. In: Miller E, ed. Paediatrics and child psychiatry 
in Britain: foundations of child psychiatry. Oxford: 
Pergamon, 1968: 29-42. 

17 Jolly H. Charing Cross hospital child development 
centre. Child Care Health Dev 1977; 3: 425-35. 

18 McCarthy D. Paediatrics in country areas in England. 
In: Hotzel A, Tizard J, eds. Modern trends in paediatrics. 
2nd series. London: Butterworth, 1958: 361. 

^ Eysenck H J. The effects of psychotherapy. Int J Psychiatry 
1965; 1: 99-114. 

? Ley P. Psychological studies of doctor-patient com- 

munication. In: Rachman J, ed. Contributions to medical 

psychology. Oxford: Pergamon, 1977: 9-42. 


— 


to 


w 


~ 


e 


e 


oe 


< 


Correspondence to Dr Bryan Lask, Department of 
Psychological Medicine, The Hospital for Sick 
Children, Great Ormond Street, London WCIN 3JH. 


Received 4 September 1979 


Archives of Disease in Childhood, 1980, 55, 562—574 


Short reports 


Effect of feed temperature and phototherapy on gastric emptying 


in the neonate 


I BLUMENTHAL, G T LEALMAN, AND D R SHOESMITH 


Department of Paediatrics, Bradford Royal Infirmary Maternity Unit, Bradford 


SUMMARY The effect of feed temperature and 
phototherapy on the rate of stomach emptying was 
studied in healthy infants during the first week. 
Emptying rate was measured by the modified serial 
test meal technique using 10% Dextrose feeds. The 
results show that emptying rate is independent of 
feed temperature and is not affected by phototherapy. 





In many nurseries, feeds are refrigerated after 
preparation and then are heated before they are 
given to the newborn infant. This practice is based 
more on custom than on reason since it has been 
shown that refrigerated feeds are well tolerated. 
Also, it is said that stomach emptying is more rapid 
when feeds of low temperature are given.? The fact 
that small infants are likely to regurgitate and 
aspirate their gastric contents prompted us to study 
the effect of feed temperature on stomach emptying. 
It has been our impression that newborn infants 
often develop abdominal distension during photo- 
therapy and only recently has this been studied.? 
Based on the assumption that such distension is 
caused by gastric retention, we studied the effect of 
phototherapy on the rate of stomach emptying. 


Patients and methods 


Test meals of three different temperatures: cold 
(0-49C), room temperature (about 25°C), and body 
temperature (379C) were given during the first week 
to 20 healthy infants. Mean (+ SE) birthweight was 
1:97 + 0:06 (range 1:55-2-53) kg, and gestation 
35-6 + 0-4 (range 32-39) weeks. Meals were given 
over a period of 24 hours. Temperature sequence was 
varied to obtain a balanced distribution and the 
volume retained at each temperature was compared. 

Cold test meals (0-49C) were given on day 3 or 4 
to 12 healthy infants with jaundice (mean + SE 
bilirubin 227 + 20:9 umol/1; 13:3 + 1:2 mg/100 ml). 
Mean (+ SE) birthweight was 2:75 + 0:18 (range 


1 -49-3 -38) kg, and gestation 37:7 + 0:6 (range 
34-41) weeks. After a period of continuous photo- 
therapy ranging between 16 and 24 hours, meals were 
again given and the differences in gastric retention 
before and after phototherapy were compared. 

Stomach emptying was measured by the modified 
serial test meal technique.! Test meals of 10% 
Dextrose containing phenol red (0-12 mg/100 ml) 
were given by tube 13 to 3 hours after the last feed. 
After first washing out the stomach, 20 ml test feed 
was given over | to 3 minutes and the infant was 
placed in the prone position. 30 minutes later the 
stomach was emptied and the aspirate volume 
recorded. The stomach was then washed out with 
20 ml sterile water. The true volume remaining was 
calculated by the following formula: 

Volume retained — aA -- 20B/c, where a is the 
volume of the aspirate after 30 minutes, A optical 
density of the aspirate, B optical density of washout, 
and c optical density of test meal. 

Aliquots of A, B, and c were alkalinised with 
trisodium orthophosphate (pH 12) before measure- 
ment in a spectrophotometer at wavelength 560 nm. 
In order to satisfy fluid requirements and prevent 
hypoglycaemia infants were given milk feeds at the 
end of each study. 

Approval for the study was obtained from the 
Bradford Area Health Authority Ethical Committee. 
Informed parental consent was obtained. 


Results 


The paired Student's ¢ test was used for statistical 
analysis. Fig. 1 shows that in the newborn infant 
stomach emptying is not temperature dependent. The 
mean volume retained at room and body temperature 
was similar. The differences between cold and room 
temperature, and cold and body temperature were 
not significant (P —0-1 and P >0-5 respectively). 
Fig. 2 shows the feed volume retained before and 
after phototherapy. The difference is not significant 
(P053) 
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Fig. 1 Volume of test meal retained after 30 minutes 
at cold (0-4° C), room temperature (about 25°C), and 
body temperature (37°C). Bars show mean and SE 
for each group. 


Discussion 


This study shows that the stomach emptying rate is 
independent of feed temperature. In all infants cold 
feeds were well tolerated and produced no obvious 
clinical effects. We did not specifically study the 
effect of cold feeds on body temperature because this 
has previously been shown to be of little clinical 
significance,! moreover in some infants it would have 
been difficult as temperature was maintained by 
servo-control. However, as part of our nursery 
routine, the rectal temperatures of many infants were 
taken during the study period or shortly after and no 
hypothermia was detected. Heating feeds is incon- 
venient, requires nursing time, and in many nurseries 
has led to buying feed heaters. There is also the risk 
that mothers may inadvertently administer too hot 
a feed and burn the infant's mouth. Although there 
was no benefit in giving cold feeds in terms of 
stomach emptying, it was far more convenient to 
give cold feeds and they were well tolerated even by 
small infants. It should be emphasised however, that 
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Volume of test meal retained after 30 minutes. 
Test meals given before phototherapy and repeated 
between 16 and 24 hours after phototherapy. Bars 
show mean and SE for each group. 


the infants were healthy and the smallest one weighed 
1:49 kg. The effect of cold feeds on neonatal circu- 
lation and metabolic rate is unknown and we do not 
recommend that cold feeds be given to sick infants 
or to those of very low birthweights (<1-50 kg). 
Increased abdominal girth during phototherapy 
occurs if protective eye pads are used, suggesting 
that increased girth is related to the method of eye 
protection rather than to phototherapy.? If eye 
protection is given by a light screen and visual 
stimulation is allowed to occur, there is no increase in 
girth. It is therefore suggested that lack of visual 
stimulation may affect autonomic function of the 
gastrointestinal tract with a consequent increase in 
abdominal girth. In this study eye pads were used, yet 
phototherapy did not produce gastric retention, 
thereby excluding this as a cause for the increase in 
girth. Although there was no increase in stomach 
motility during phototherapy, a decrease in gut 
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transit time has previously been shown,’ photo- 
therapy-induced lactose intolerance being implicated 
as a cause. 


We thank Miss M White of the Haematology 
Department, St Luke's Hospital, Bradford, for use 
of the spectrophotometer, and Mrs J Doyle for 
typographical assistance. 
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Management of leukaemic infiltration of the testis 
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SUMMARY Of 95 boys treated for acute lympho- 
blastic leukaemia 25 have developed leukaemic 
infiltration of the testes. In 15 children relapse was 
apparently confined to the testes, and since treatment 
7 of these boys remain in remission. The median 
duration of remission after testicular relapse was 
72 weeks, considerably longer than that reported 
after other forms of leukaemic relapse. 


Now that long haematological remissions occur in 
children with acute lymphoblastic leukaemia (ALL) 
greater attention is being paid to extramedullary 
sites of leukaemic relapse. Prophylactic therapy to 
the central nervous system has reduced the incidence 
of meningeal leukaemia, but in boys residual disease 
in the testis now presents an important obstacle.! 

The management and prognosis of boys with 
leukaemic infiltration of the testis may depend on 
whether the relapse is confined to the testis or 
associated with previous or concurrent relapse 
elsewhere. We report our experience with ‘isolated’ 
testicular relapse. 


Patients and treatment 


Between December 1970 and June 1976, 95 boys were 
treated for ALL at our two centres, and leukaemic 
infiltration of the testis was detected in 25 of them. 

15 (17%) had no evidence of leukaemia elsewhere 
and had had no previous relapses, so the disease was 
apparently confined to the testes. All had been 


treated according to current Medical Research 
Council UKALL I-V protocols, and 13 of them had 
features at diagnosis that suggested good prognoses. 
Two boys, one with a white cell count >20 x 10?/l 
and one aged over 14 years, were thought to have a 
poorer outlook (Table). In 13, testicular relapse (TR) 
was suspected clinically while in 2 it was discovered 
by routine testicular biopsy at the end of 2 years’ 
treatment. The diagnosis was confirmed by needle 
biopsy in 9 patients and by wedge biopsy in 6. 
Testicular disease was diagnosed during ‘main- 
tenance’ chemotherapy in 3, and between 1 and 24 
(mean 7:8) months after stopping treatment in the 
remaining 12 boys. Both testes were affected in 9 boys 
and 6 had only unilateral infiltration. 

Since 1975, we have used a standard treatment for 
isolated TR consisting of irradiation to both gonads 
and cords to a total tumour dose of 2500 rad (given 
in 10 fractions), and 2 years’ intensive chemotherapy 
usually with the UKALL II *maintenance' protocol.? 
Three early cases had lower doses of radiotherapy 
(Case 4 had 1800 rad in 6 fractions, Cases 10 and 11 
1500 rad in 5 fractions). No further prophylaxis to 
the central nervous system was given. 

The 1O children with previous or concurrent 
haematological or meningeal relapse were 
individually treated and all died of leukaemia 
(median survival 38 weeks); they will not be described 
further. 


Treatment results. All 15 boys with isolated TR 
showed a clinical response to treatment but 5 suffered 
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Table Data for 15 boys with leukaemic infiltration of the testes 








Case Prognostic* Extent of TR Age when TR Time from Time off Remission length 
features at diagnosed (years) presentation until treatment before since TR (weeks) 
presentation TR (weeks) TR (weeks) 

I Good Bilateral 8 134 21 241 
2 Good Bilateral 6 122 12 71t 
3 Good Bilateral 5 140 OT 60t 
4 Good Bilateral 10 180 12 236 
5 Good Bilateral 5 150 32 132 
6 Good Bilateral 9 150 26 > 144 
7 Good Bilateral 7 116 OT 54 

8 Good Bilateral 14 104 OT 32 

9 Poor Bilateral 5 134 9 Tat 

10 Poor Unilateral 6 152 40 147 

11 Good Unilateral 12 129 20 100 

12 Good Unilateral 11 148 36 > 91 

13 Good Unilateral 4 121 4 44 

14 Good Unilateral 9 213 96 30 

15 Good Unilateral 6 73 18 S8 


OT = on treatment, TR = testicular relapse. 
T Dead. 


*Defined to have poor prognosis if one of the following features is present: WCC >20 x 109/1, aged >13 years, mediastinal mass, doubtful 


cytology, Negro race. 


subsequent haematological relapse between 24 and 
132 weeks later, 2 boys had meningeal relapse after 
44 and 72 weeks, and one died of subacute sclerosing 
panencephalitis after 60 weeks. 

On 1 May 1979, 7 boys were alive and well without 
further relapse between 30 and 236 weeks after 
diagnosis of TR. Four children had died, while the 
remaining 4 were alive but still receiving treatment 
for haematological or meningeal relapse, or both 
(Table). The median duration of remission after 
treatment of TR was 72 weeks. 

Needle biopsy of the testes was repeated in Cases 
7 and 8 (Table) 52 weeks after testicular irradiation 
and no leukaemic infiltration was found, although 
interstitial fibrosis and loss of tubular epithelium 
were present. 

Two boys (Cases 4 and 8) have shown normal 
pubertal development after testicular irradiation. 
Two others (Cases 11 and 12) are currently under- 
going pubertal changes. 


Discussion 


Leukaemic infiltration of the testis is more often 
being recognised in boys treated for ALL, perhaps 
because haematological remissions are becoming 
longer. The incidence of TR has been reported to be 
between 8 and 16%.” However, Eden et al.! found 
that 30% of boys entered into the Medical Research 
Council's UKALL trials I to III had developed this 
complication, not surprisingly a figure close to ours 
(26%). The incidence of apparently isolated TR was 
17% in our patients and 1327 in the MRC series. 

The prognosis for boys with TR. who have had 
previous or concurrent haematological relapse is 
poor, 19 of 20 boys having had short further 


remissions, or none.’ These results resemble those for 
treatment of haematological relapse; Cornbleet and 
Chessells? found median second remission lengths 
after haematological relapse to be 12 weeks for 
patients relapsing during treatment and 35 weeks for 
those relapsing after treatment had ended. 

The outlook for boys with isolated TR. may be 
better, particularly if this is diagnosed early and 
treated adequately with radiotherapy and intensive 
chemotherapy. In Memphis 1100 to 2400 rad to one 
or both gonads, and chemotherapy, produced long 
remissions (37-138 months) in 4 of 5 boys with 
isolated TR, while, after treating 111 boys with TR 
(7 of 47 with isolated TR survived) Schaison ef al. 
recommended 2400 rad to both gonads, and further 
chemotherapy for isolated TR. Atkinson et al.8 also 
recommended 2400 rad to sites of extramedullary 
leukaemia; this was the dose we used, together with 
further chemotherapy, for our patients. This 
treatment had eradicated lymphoblasts from the 
testes of our 2 boys who had further biopsies 52 
weeks after radiotherapy, but it produced the 
expected damage to spermatogenesis. Thus, boys 
surviving after this treatment will be infertile, but 
Leydig cell function appears to be adequate, at least 
for some years, to permit normal sexual maturation. 

The median remission length for our boys treated 
for isolated TR was 72 weeks, and 7 of our 15 
patients are still apparently in complete remission 30 
to 236 weeks after diagnosis of TR. This period of 
follow-up is shorter than for the Memphis series and 
further relapses are still possible. However, as in the 
French series,? the median remission length of 72 
weeks after isolated TR greatly exceeded that 
reported after haematological relapse,/? so it is 
possible that radiotherapy and chemotherapy, as 
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used for our patients, may cure some boys. Diagnosis 
of residual disease in the testis by routine biopsy 
before completion of chemotherapy may permit 
detection of those boys who require this treatment 
and perhaps improve the overall outlook for boys 
with leukaemia. 


We thank Dr A H Cameron and Dr J M Bouton for 
their help and advice in the management of these 
patients, and the paediatricians who referred them 
to us for treatment. 


A O was in receipt of a Leukaemia Research Fund 
Oncology Training Fellowship. 
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SUMMARY The serum concentrations of the phago- 
cytosis-stimulating peptide, tuftsin, were determined 
by radioimmunoassay in 21 patients with sickle cell 
disease and in 12 healthy controls. The mean serum 
tuftsin concentration was significantly lower in 
patients with haemoglobin SS disease (154-3 + 35:1 
ng/ml; 308:6 + 70-2 nmol/l, P —0-01) and in 
patients with haemoglobin SC and CC disease 
(180.9 + 42-7 ng/ml; 361:8 + 85:4 nmol/l, 
P-—0-05) than in healthy controls (228:7 + 46:7 
ng/ml; 457-4 + 93:4 nmol/l). Tuftsin deficiency is 
an indicator of splenic hypofunction and may 
contribute to the increased susceptibility of patients 
with sickle cell disease to severe infection. 


—M——————————————————— 


Najjar and his associates described a cytophylic 
gammaglobulin, leucokinin, that stimulates phago- 
cytosis by polymorphonuclear leucocytes and 
macrophages. The full biological activity of 
leucokinin resides in a tetrapeptide (Thr-Lys-Pro-Arg) 
named tuftsin, which is covalently bound to the heavy 
chain of the gammaglobulin.!-? It is believed that the 


spleen is actively involved in either the generation or 
the release, or both, of the peptide from its carrier 
heavy chain as serum tuftsin concentrations are 
very low after elective splenectomy, and in functional 
asplenia due to infiltrative disease or infarction of 
that organ.?-? Functional asplenia contributes to the 
increased susceptibility of patients with sickle cell 
disease (SCD) to severe infections. We have, 
therefore measured the serum tuftsin concentrations 
in patients with SCD and compared the values with 
those found in healthy controls. 


Patients and methods 


21 patients (14 with homozygous SS disease, 5 with 
haemoglobin SS disease, and 2 with haemoglobin CC 
disease) and 12 healthy age-matched controls were 
studied; the patients and controls were aged between 
3 and 21 years. The patients were neither infected nor 
in crisis at the time or during the 6-month period 
preceding blood collection, and none of them had 
been transfused in the 6 months before the study. In 
7 of the patients with haemoglobin SS disease, 
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Howell-Jolly bodies were observed on peripheral 
blood smears. Consent was obtained from patients or 
"parents; the sera were collected in St Petersburg, 
Florida, stored at —209C, and shipped frozen to 
Israel for assay. Serum tuftsin was determined by 
radioimmunoassay as previously described.? 


Results 


The mean (--SD) serum tuftsin concentration was 
significantly lower (Figure) in patients with haemo- 
globin SS disease (154-3 + 35-1 ng/ml, P —0-01) 
and in patients with haemoglobin SC and haemo- 
globin CC disease (180-9 + 42-7 ng/ml, P —0-:05) 
than in healthy controls (228:7 + 46-7 ng/ml). The 
mean ( 4- SD) serum tuftsin concentration in haemo- 
globin SS disease patients with Howell-Jolly bodies 
in their peripheral blood smears was 147 + 44-3 
ng/ml (294-0 + 88-6 nmol/l). 


Discussion 


Overwhelming infections contribute significantly to 
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Figure Serum concentrations of tuftsin in patients with 
sickle cell disease and in normal controls (solid lines, 
mean + SD). 

Conversion: traditional units to SI—1 ng/ml ~ 2-0 nmol/l. 
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mortality and morbidity in patients with SCD.’ 
Although several abnormalities of host defence have 
been shown in SCD patients,”™—8 functional and 
eventually anatomic asplenia is likely to be an 
important factor in the pathogenesis of the increased 
susceptibility of these patients to systemic 
infections.*~’ The present data indicate that measure- 
ment of serum tuftsin levels may well be of value as 
an indicator of the presence of a defective splenic 
function in SCD patients. Indeed, the lowest mean 
serum tuftsin concentration was recorded in patients 
with haemoglobin SS disease. In half of these 
patients, Howell-Jolly bodies, a reliable indicator of 
the presence of splenic hypofunction,® were observed 
on peripheral blood smears. Our findings are in good 
agreement with those of Najjar who measured 
serum tuftsin activity in SCD patients using the 
polymorphonuclear leucocytes-bacteria phagocytosis 
system.* Severe infections often occur in patients 
with familial tuftsin deficiency.! * It is likely, 
therefore, that tuftsin deficiency, in addition to its 
importance as an indicator of splenic hypofunction, 
impairs the phagocytic function of the blood 
polymorphonuclear leucocytes and of macrophages 
in SCD patients and contributes to the increased 
susceptibility of these patients to severe infections. 


We thank Dr J Vidal, St Petersburg, Florida, for 
helping with the collection of blood samples. 
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Varicella arthritis in a child 
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————————————— MÀÀ€ 
SUMMARY A 24-year-old girl developed arthritis in a 
metatarsophalangeal joint concomitantly with vari- 
cella. As she recovered within 2 days without 
antimicrobial treatment, it was considered that the 
arthritis was directly due to the viral infection. The 
importance of differentiating viral arthritis from 
septic arthritis, a well-known complication of 
varicella, is stressed. 


———————————— 


Arthritis is one of the rare complications of varicella 
and has been reported in only 10 children. In most 
of these children the joint involvement was of 
nonbacterial origin, although septic arthritis in 
chickenpox patients has also been described.!^? 


Case report 


A 21-year-old girl was referred with fever of one-day's 
duration, and the inability to bear weight on her left 
foot which had developed several hours earlier. On 
admission there were a few elements of papular rash 
on the trunk. Examination of the limbs showed a 
tenderness on the dorsal aspect of the left foot with 
some limitation of movement of the toes, but no 
other sign of inflammation. Rectal temperature was 
39-29C. On the next day a typical varicella eruption 


Table Reported cases of arthritis associated with varicella 


Age Sex Joint affected 


(years) 


Authors 


Interval between 
arthritis and 
eruption (days) 


appeared on the scalp, the buccal mucosa, the trunk, 
and extremities. The 2nd and 3rd metatarso- 
phalangeal joints of the left foot were swollen, warm, 
and erythematous. The white blood count (WBC) 
was 7:4 10°/1 with 59% polymorphs, 29% 
lymphocytes, and 12% mononuclear cells; erythro- 
cyte sedimentation rate (ESR) was 28 mm/Ist hour; 
x-ray of the foot and a *™Tc technetium pyro- 
phosphate bone scan showed no lesion. Blood 
cultures proved sterile. 

By the third day of the illness the local signs of 
arthritis had disappeared and the girl was able to 
stand and walk without limitations. The varicella 
eruption followed the usual course. At follow-up 
3 months later no additional complications were 
noted. 


Discussion 


In the present case of chickenpox, arthritis was most 
probably related to the varicella virus infection. The 
very rapid recovery without antimicrobial treatment 
makes it unlikely that a bacterial agent was respon- 
sible for the joint involvement. 

This case showed the same clinical findings and the 
usual benign course reported previously. However, 
some clinical features are remarkable: the early 


WBC 
(x 109/1) 


ESR 
mm|Ist h 


Duration of Fever 
arthritis 
(days) 


an agi at pa i a AAO PA AAA LAA AO AAPA 


Nonbacterial arthritis 


Priest et al.3 8 F Knee (L) 3 
Brook4 6 F Knee (R + L) 7 
Brook4 7 F Knee (R) 7 
Ward and Bishop5 5 F Knee (L) 2 
Sekanina and Frana 34 M Carpal (R+ L) 5 
(cited by Brook)4 elbow (R+ L) 
Di Liberti et al 6 5 F Ankle (R) 3 
Mulhern et al.? 10 M Knee (R) 2 
Friedman and Naveh? 4 F Knee, wrist, ankle (R + L), 5 
spine 

Present case 21 F Metatarsophalangeal (L) 1 
Bacterial arthritis 

Buck! 4 F Hip (R) 7 
Sethi and Schloff? 13 M Ankle (L) 


acromioclavicular (L) 


3 and 6 


4 No 27 4-2 

4 No Normal 16-7 

5 No Slightly 7-2 

raised 

4 Yes 7 5.4 

15 Yes ? 

4 Yes 35 13-3 

3 Yes Not done 6-4 

6 Yes 25-107 10-5 

2 Yes 28 7-4 
Yes Not done 14-25 
Not Raised 12-1 to 22-0 

known 


i e LONE 


w” 


appearance of the articular signs concomitantly with 
the first elements of the varicella eruption, the 


„involvement of the metatarsophalangeal joints (not 


previously reported), and the short duration of the 
symptoms. The Table gives data on the reported 
cases, including this one, and on 2 additional 
children with bacterial arthritis complicating 
varicella. It is interesting that 7 of the 9 children with 
viral arthritis were girls, including our patient. The 
age range was between 24 years (our patient) and 
10 years. In all of the earlier cases, large articulations 
were involved (6 of them in the knee joint). In 3 
children smaller joints were also affected. Our 
patient was the only one in which only small articula- 
tions were affected. The joint symptoms appeared 
concomitantly or several days after appearance of the 
eruption. The duration of the articular involvement 
was between 2 and 15 days. Six of the 9 patients 
presented with fever. The ESR was normal in 2 
children and slightly raised in 4. In only 3 cases was 
the WBC >10-0 x 109/I. 

In most of the patients with chickenpox, the 
arthritis was probably due to a direct invasion by the 
varicella virus. The virus was recently isolated from 
the synovial fluid in one affected patient.? Rarely 
was the arthritis the result of bacterial invasions; two 
such cases have been reported.!~? In these patients 
the origin of the infection was via blood spread from 
infected varicella skin lesions.! 

As antimicrobial treatment is urgently indicated in 
all cases of pyogenic arthritis, it is important to 
differentiate between a bacterial and nonbacterial 
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process as quickly as possible. Although micro- 
scopical examination of synovial fluid aspirated from 
the affected joint and its culture is the only way to 
establish the diagnosis with certainty, arthrocentesis 
is not a completely harmless procedure and may be 
very difficult to accomplish in small joints, 
particularly in young children. As the inflammatory 
articular signs lasted for only 2 to 4 days in most of 
the cases reported, it seems reasonable that in 
patients in whom arthrocentesis may be a problem, 
this procedure should be postponed for 1 or 2 days. 
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Cutaneous polyarteritis nodosa in a young child 


JULIAN VERBOV 
Royal Liverpool Children's Hospital, Liverpool 


SUMMARY A 53-year-old girl presented with an acute 
febrile illness associated with limb and facial 
swelling, and a skin eruption. She was diagnosed as 
suffering from cutaneous polyarteritis nodosa. She 
was told to stay in bed and was given soluble aspirin. 
Now, more than 3 years later, she is well and 
symptom-free. The important diagnostic feature of 
this benign condition, which is distinct from the 
systemic disease, is the presence of skin nodules 
showing the histology of a necrotising arteritis at the 
junction of dermis and subcutaneous tissue. 





Polyarteritis nodosa, a rare disease at any age, can be 
benign and affect only the skin, or it may affect the 
skin, skeletal muscles, and peripheral nerves. 
Clinically, cutaneous polyarteritis nodosa presents 
as painful nodules generally on the lower part of the 
legs. These nodules are usually associated with livedo 
reticularis—a physical sign with many causes which 
signifies capillary and venular stasis in cooled skin, 
influenced by factors including obstruction or 
constriction of the small subcutaneous arteries. It is 
the nodulation rather than the livedo that is the 
hallmark of the cutaneous disease. In the systemic 
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disease, eruptions tend to be nonspecific and include 
livedo reticularis, erythemas, urticaria, or purpura. 
0 / 


Borrie! concluded that about 10% of all cases of 
polyarteritis nodosa were benign. 


Case report 


A white girl aged 5 years 7 months was admitted to 
hospital as an emergency on 11 June 1976. She had 
been off colour and anorexic for 4 days although 
still attending school, but on the day of admission 
had developed painful swollen forearms, wrists, 
left hand, and left foot and had difficulty in walking. 
There was a history of an asymptomatic rash for a 
year. 

On examination, she was febrile (37-99C) and 
toxic. Face, forearms, wrists, left hand, right knee, 
and left foot were swollen and a patchy maculo- 
papular erythematous eruption affected not only 
these areas but others (Fig. 1). Upper limb movement 
was restricted by pain. There were no abnormal 





Swollen forearms, wrists, and dorsum left 
hand with faint erythema over extensor aspect lower 
forearms. 


Fig. 1 


throat or lung signs, and the cardiovascular system, 
apart from a regular tachycardia, was normal. 


Although her blood pressure at admission was? 


recorded as 108/90 mmHg, all subsequent estima- 
tions in hospital and later at outpatient visits have 
been 90-95/60 mmHg. No liver or spleen was palp- 
able. Investigations showed a sedimentation rate of 
100 mm in Ist hour, total white cell count 15-0 
I0?/1 (neutrophils 78%, lymphocytes 14%, 
monocytes 6%, eosinophils 2%), Hb 10:3 g/dl. No 
pathogens were isolated from throat (11, 21, 27 
June), nasal swabs, or stools. Normal investigations 
included midstream urine specimen, blood urea and 
electrolytes, creatinine clearance, serum creatine 
kinase and aldolase, Wassermann reaction, liver 
function tests, RA latex, and viral studies including 
hepatitis B antigen. No LE cells were present. 
Antistreptolysin-O (ASO) titre was 900 (normal 
0-200) Todd units on 21 June (800 units in July 1976, 
1600 units in November 1976, and 800 units in 
January 1977). Electrocardiogram was normal. 
X-ray of chest was normal and x-rays of wrists and 
left ankle showed no bony change. Right calf 
muscle biopsy showed normal striated muscle. Skin 
biopsy from an erythematous area over the dorsal 
aspect of the left forearm showed a pronounced 
necrotising vasculitis in the lower dermis consistent 
with polyarteritis nodosa. She was treated with 
soluble aspirin 300 mg 4-hourly at first and then in 
gradually reducing dosage, and told to stay in bed. 

As the swelling and illness subsided during the 
next 2 to 3 weeks the skin showed more obvious 
nodulation and cyanotic reticulation and in some 
areas just bruise-like discoloration. She was dis- 
charged after 3 weeks in hospital. By the end of July 
most symptoms had settled, but the right knee was 
still swollen making walking uncomfortable. Muscle 
wasting was visible over the upper arms and right 
thigh. In August she had a bout of swelling for a few 
days affecting the right knee and left hand. Livedo 
and nodulation increased and extended during the 
next few months as her general condition improved 
(Fig. 2); nodulation was particularly pronounced 
over the buttocks and above the right ankle. By 
October she had full joint movement. When 
examined in May 1977 nodulation and livedo were 
prominent over the flexor aspect of the lower limbs, 
and livedo was also visible over the posterior chest. 
No nodules have been palpable since the end of 1977 
and in July 1979 obvious livedo was only visible 
around the knees and this was slight. 


Discussion 


It is not generally recognised that there is a benign 
form of polyarteritis nodosa in which arteritic 


" 





Fig. 2 
shoulder, and forearms. 


Nodulation and livedo over face, right 


lesions affect small vessels in skin, skeletal muscle, 
and peripheral nerves, but only rarely affect vessels 
in other tissues. When the condition is around the 
joints arthritis may be simulated.? Muscle wasting 
may occur and fever and a raised sedimentation rate 
are common. Golding? described 3 patients with the 
condition in whom lesions were confined to the skin 
or leg muscles. 
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In cutaneous polyarteritis nodosa the cutaneous 
lesions show a histology typical of polyarteritis 
nodosa, the disease is not fatal and spontaneous 
recovery occurs after some years. The small arteries 
are in the superficial subcutaneous tissue, but lesions 
may extend into the arterioles of the dermis as well. 
Small subcutaneous veins may also be affected. 
Ryan! preferred to include cutaneous polyarteritis 
nodosa under the term nodular vasculitis. He 
considered that venous rather than arterial disease 
was often the more likely cause, citing a total 
absence of infarction as being compatible with 
venous disease. 

Systemic corticosteroids may be necessary in some 
patients but as the prognosis is good, dosage with 
these or other drugs to achieve complete control is 
not indicated.? 

In the skin, firm dermal erythematous or skin- 
coloured nodules 0:5-2 cm in diameter occur in 
crops and persist for a few days or a few weeks. They 
may be symptomless, tender, or extremely painful 
but they usually resolve spontaneously without 
scarring although ulceration can occur.® Nodules 
are particularly common on the lower part of the 
leg but they can be widespread on the limbs, trunk, 
and even on the face. Livedo may precede, accom- 
pany, or follow the nodules, and nodulation may 
appear in sites both affected and unaffected by 
livedo. There may be a myositis associated with the 
skin lesions; this causes pain and stiffness particularly 
in the legs, and a peripheral neuritis can be present 
which occasionally causes permanent deformity. 
Myositis and single or multiple mononeuritis are 
relatively short lived and certainly clear before the 
cutaneous lesions. The child described at no time 
showed any evidence of neuritis. 

Specific cutaneous involvement in systemic 
polyarteritis nodosa is rare, and when it does occur it 
is usually with fulminating disease and consists of 
a rather nonspecific erythematous eruption, the 
histology showing polyarteritis nodosa. Much more 
common is an erythematous, urticarial, or purpuric 
rash which generally occurs in more acute cases and 
shows a nonspecific histology.” 

It seems likely that the rash this child had for about 
a year before her acute illness was a widespread but 
patchy livedo reticularis, and it is interesting that 
with acute facial and limb soft tissue swelling her 
nodulation and livedo as such were masked, only to 
appear obvious as swelling subsided and her condi- 
tion improved. 

The aetiology is obscure. Bradford et a/.? described 
3 children with livedo reticularis with nodulation and 
considered streptococcal infection to be relevant in 
all 3. One of the 15 patients with cutaneous poly- 
arteritis nodosa (age range at onset 18-61 years) 
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described by Borrie! did have a raised ASO titre and 
another had exacerbations after tonsillitis. Our 
patient had shown a raised ASO titre on many 
occasions. However, she had had neither a sore 
throat before admission nor a history of sore throat, 
and repeated throat swabs were negative. She did 
complain of a sore throat 9 days after admission 
(20 June 1976) when slight throat inflammation was 
present and again in mid-November 1976, although 
at that time nothing abnormal was visible on 
examination. 

Relapse may occur at some time in the future but 
if it does, there should be spontaneous resolution. It 
is of course possible but unlikely that she could 
develop the systemic disease later. 


I thank Dr C S Smith and Dr Elizabeth Poskitt who 
were in charge of this case. 


This child was presented (slides and discussion only) 


at the Section of Dermatology Meeting at the Royal 
Society of Medicine, London, in December 1976. 
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Successful pregnancy in transfusion-dependent thalassaemia 


R M THOMAS AND A E SKALICKA 


Department of Paediatrics, Whittington Hospital, London 


SUMMARY Successful pregnancy in a transfusion- 
dependent thalassaemic patient receiving sub- 
cutaneous desferrioxamine is reported. This is the 
first such case to be described. 


Endocrine impairment is well recorded in trans- 
fusion-dependent 9-thalassaemia major, and puberty 
is nearly always delayed.! This is thought to be due 
to gonadal or pituitary failure caused by iron 
deposition, although defective hypothalamic matura- 
tion has also been suggested.? Endocrinopathy in 
nontransfusion-dependent {-thalassaemia inter- 
media is also well described, although it is less 
common than in thalassaemia major, and the 
presumed mechanism is increased gastrointestinal 
iron absorption or hypoxaemia, or both of these. 
The beneficial effect of a high-transfusion regimen 
and chelation on the marrow hyperplasia, endocrine 
function, and growth velocity, and perhaps on the 
onset of puberty in this patient, has been described.? 
Due to her irregular menses, pregnancy was not 
diagnosed until 14 weeks' gestation and she con- 
tinued to administer her daily 12-hourly infusion of 


subcutaneous desferrioxamine during the first 16 
weeks of pregnancy. 


Case reports 


The mother. She was the second child of Greek 
Cypriot parents, and was born in October 1960. A 
diagnosis of 6-thalassaemia intermedia was made 
at age 13 months when haemoglobin (Hb) was 
found to be 6-9 g/dl after a traumatic fracture of 
her arm. HbF level was 32%. With folic acid 
supplementation, Hb remained stable until age 31 
years when, with Hb 5 g/dl, she sustained a fracture 
of the left arm and right leg. At that time, splenec- 
tomy was performed because of hypersplenism (9 
cm below costal margin). 

Until age 12 years, her Hb level remained between 
7 and 8 g/dl without transfusion, but her growth 
velocity was poor (height 6 cm, <3rd centile at age 
121 years) and she developed pronounced 'thalass- 
aemic facies’. Because of conductive deafness and 
‘chronic serous otitis media’, myringotomy was 
performed and showed the presence of bone marrow 
in the middle ear. She showed no sign of puberty 
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and investigations confirmed that she had developed 
endocrine complications due to her chronic anaemia, 


^» ‘ineffective erythropoiesis, and iron overload (as a 


result of increased gastrointestinal iron absorption).? 
Significant impairment of both adrenal and pan- 
creatic function was demonstrated and regular 6- 
weekly blood transfusions were instituted in order 
to maintain mean Hb at 11 g/dl. Intramuscular 
desferrioxamine 1 g daily was also begun and 
vitamin C supplementation followed 18 months 
later. In early 1978, at age 18 years, intramuscular 
injections of desferrioxamine stopped, and the drug 
was given subcutaneously in an increased dosage of 
2 g over 12 hours each day by means of a battery- 
operated infusion pump. Her serum ferritin level 
before regular transfusion was 330 ug/l (normal 
35 ug/l for adult women), and her total iron load 
as transfused blood before pregnancy was 21-4 g. 

Her health improved greatly end she entered 
puberty (stage 2) 6 months later. Menarche occurred 
20 months after beginning this intensive transfusion 
and chelation regimen. Transfusions were of ordinary 
ACD-stored blood until mid-1977 (age 17 years). 
Since then she has been receiving 'washed' blood 
(erythrocytes suspended in saline) because of fre- 
quent febrile transfusion reactions while having 
ordinary ACD-stored blood. Irregular menses have 
taken place about every 2-3 months since puberty 
at age 134 years, until her last menses in September 
1978 (age 18 years). Àn intrauterine contraceptive 
device was inserted in November 1978; however a 
pregnancy test 4 weeks later was positive; Desfer- 
rioxamine and vitamin C were stopped' 2 weeks 
later when gestation was assessed at 16 weeks by 
uterine size. The father of the infant is British and 
does not have B8-thalassaemia trait. Transfusions 
during pregnancy were increased to 2 units (420 ml 
washed blood per unit) every 4 weeks and mean Hb 
was maintained at 10:5 g/dl. Serum ferritin im- 
mediately before pregnancy was 1130 ug/l (normal 
range 14-148). 4 g iron was transfused in 20 units 
(420 ml per unit) of washed blood during pregnancy. 

Pregnancy was uneventful until 30 weeks’ gesta- 
tion when an antepartum haemorrhage occurred. 
After a second haemorrhage and spontaneous 
rupture of the membranes at 33 weeks, an emergency 
caesarean section was performed. After delivery 
her serum ferritin level was 1440 ug/l. 


The infant. A normal preterm boy was delivered; 
birthweight was 1780 g (50th centile for 33 weeks), 
length 35 cm, head circumference 27 cm. Placental 
weight 420 g. Apgar scores were four at 1, six at 5, 
and eight at 10 minutes. Endotracheal intubation 
was required from 2 to 8 minutes. Dubowitz assess- 
ment of maturity was 33-34 weeks. Hb was 14-8 


g/dl at birth, blood group O Rh-negative (mother 
was O Rh-negative). Direct Coombs's test negative. 
Serum ferritin level at age 6 weeks was 180 ug/l 
(normal for males 39-340). 

Despite hourly feeds of breast milk via a naso- 
gastric tube, blood sugar at age 15 hours was 0:9 
mmol/l (16 mg/100 ml) and concomitant insulin 
level 2 mU/I. After a bolus of intravenous 50% 
Dextrose 1 ml/kg, an intravenous infusion of 1054 
Dextrose during the next 24, hours prevented further 
hypoglycaemia. (The mother did not have glyco- 
suria during pregnancy.) 

Serum bilirubin was 140 umol/I (8 mg/100 ml) at 
age 40 hours and maximum bilirubin 190 umol/l 
(11 mg/100 ml). Phototherapy was given for 8 days. 
The jaundice was prolonged and continued until age 
6 weeks. Bilirubin was mainly unconjugated and 
there was no evidence of haemolysis, infection, 
hepatocellular dysfunction, hypothyroidism, or 
metabolic defect to account for this prolonged 
jaundice. Unconjugated hyperbilirubinaemia per- 
sisted for 2 weeks after stopping breast feeding at 
age 4 weeks, and the possibility of an enzyme 
deficiency—-such as Gilbert’s disease—must be 
considered. 


Progress 

Maternal breast milk was given for 30 days; there- 
after (as maternal milk production was inadequate) 
artificial feeds were given. The infant thrived and 
discharge weight was 2:44 kg on day 35. Maternal 
desferrioxamine was restarted 5 weeks after delivery, 


after breast feeding had stopped. 
Discussion 
Puberty is often delayed in  nontransfusion- 


dependent thalassaemia, but subsequent fertility is 
usually unaffected.* This case is unique in that no 
other transfusion-dependent thalassaemic woman 
has been known to have undergone successful 
pregnancy. In addition, our patient continued des- 
ferrioxamine during the first trimester because 
pregnancy was not overt until 16 weeks. Experiments 
in pregnant rabbits and mice have shown minor 
teratogenic effects with large doses of desferrioxa- 
mine (retardation of bone ossification, vertebral 
aplasia, bifurcation, and fusion of ribs) (R. Bruckner, 
1965, CIBA unpublished report). Regular admini- 
stration of high-dose desferrioxamine to fully-grown 
dogs, cats, and rats causes subcapsular cataracts, and 
3 cases of cataract formation in adult humans have 
been recorded since the drug became available in 
1963 (R Bruckner, 1965, CIBA unpublished report). 
These 3 patients were not thalassaemic, but were 
receiving desferrioxamine for treatment of chronic 
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iron overload secondary to multiple transfusions for 
hypoplastic anaemia. Two patients were receiving 
corticosteroids 1n addition to desferrioxamine, and 
corticosteroids have also been reported to cause 
posterior subcapsular cataracts. However, the 
cataracts cleared partially when desferrioxamine was 
withdrawn in these patients, and increased in density 
in the one patient who was later re-exposed to the 
drug (thus implicating desferrioxamine in a causative 
role). Our infant exhibited no obvious abnormality. 
We were also concerned about the possible excretion 
of desferrioxamine in breast milk, although since 
this chelating agent is little absorbed from the adult 
human gut, the presence of desferrioxamine in 
breast milk seems unlikely to have been harmful to 
the infant. 


We thank the medical and nursing staff of the 
Premature Baby Unit, Dr B Modell and Mrs A 
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Buckhurst for assistance in preparing this manu- 
script, and. Mrs M Laulicht, Royal Free Hospital, 
for ferritin estimations. 
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Gastric and jejunal feeding in high risk 
neonates 


Sir, 

Many intensive care nurseries have used transpyloric 
feeding since it was introduced by Rhea and Kilby? and in 
several studies?-? nasogastric and nasojejunal methods 
have been compared but the results have been mainly 
qualitative. Little quantitative information is available on 
digestion or absorption of nutrients by these infants. 
Roy et al^ made such comparisons but rejected sick 
infants from their study. In practice however, it is the sick 
infant who is most likely to benefit from tube feeding. We 
therefore studied nasogastric versus nasojejunal feeding in 
high risk, newborn babies. 

Six premature infants (birthweights, 820 to 1400 g; 
gestational ages, 27 to 32 weeks) were studied in the 
second to fourth week of life. All except 1 had severe 
respiratory distress, 2 had intraventricular haemorrhages, 
and 1 had group B streptococcal septicaemia. Three 
babies began the study with nasogastric and 3 with 
nasojejunal feeding. Each regimen was followed for a 
week and then the other regimen was followed. Three 
babies received expressed breast milk and 2 received Cow 
and Gate's Premium Formula throughout the study. One 
baby received expressed breast milk for the first week and 
Premium Formula for the next 2 weeks. Stools were 
collected and pooled during the last 3 days of each week. 
The total nitrogen and fatty acid content of the stools and 
the expressed breast milk were determined by analysis. 
Comparison of the feeding methods showed no difference 
in volume of milk received, weight gain, or frequency of 


‘stools, and there was no consistent difference in nutrient 


absorption. Clinical observations suggested a tendency 
for the development of apnoeic attacks and abdominal 
distension during nasogastric feeding. 

Wide variations in fat (12 to 9695) and nitrogen (22 to 
93%) absorption were observed but these seemed to be 
related to the clinical condition and postnatal age of the 
baby rather than to the feeding method. In particular, 
there was some evidence that fat absorption increased 
with age, coinciding with a general clinical improvement. 
Fat absorption is known to be greater in term than in 
premature infants, and this trend continues in early 
postnatal development. 

Absorption of nutrients by premature babies is 
influenced by many factors, and any study on the 
efficacy of different feeding methods must take this into 
account. Improvements in fat and nitrogen absorption by 
nasogastric compared with nasojejunal feeding have been 
reported for healthy, low birthweight infants but these 
cannot necessarily be expected to apply to the very 
sick neonate; in our study nutrient absorption was often 
extremely low. Any decision about the best type of feeding 


regimen therefore, ought to be made from clinical rather 
than from nutritional considerations until the results of 
further studies become available. 
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Diagnosis of coeliac disease 


Sir, 

McNeish and his colleagues! in presenting results of the 
ESPGAN questionnaire, mentioned 20 patients in whom 
mucosal relapse after reintroduction of gluten-containing 
diets took more than 2 years to appear. Details were 
available on 7 of these 20 patients, but this was regarded 
as insufficient. We can now provide information on 1 of 
the 7 children; this has an important bearing on the 
‘2~year rule’, which implies that if the mucosa is still 
normal after 2 years on a normal diet (in a child whose 
illness originally responded to a gluten-free diet) the 
original illness was not coeliac disease (gluten entero- 
pathy). 

This girl, described in detail, 2-3 was found to have a 
flat mucosa at 16 months and spent 57 months on a 
gluten-free diet with mucosal remission. After 28 months 
on a gluten-containing diet the mucosa was still normal 
on histology and she had normal mucosal lactase, sucrase, 
alkaline phosphatase, and interepithelial lymphocyte 
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count. There was then gradual deterioration in serial 
histological, cytological, and enzymological appraisals, 
with an almost flat mucosa at 63 months, and a flat 
mucosa at 74 months. Two years later, after returning to a 
gluten-free diet, the mucosa was normal in all respects 
(unpublished observation). This course of events clearly 
showed gluten intolerance, remission on a gluten-free diet, 
gradual mucosal relapse over a period of 74 months on 
normal diet, and a second remission on a gluten-free diet, 
the total time span being 13 years. Unless coeliac disease 
is not a homogenous entity, this gir] unquestionably has 
coeliac disease but with a slow mucosal response to 
gluten ingestion, and the ‘2-year rule’ if applied to her 
would have been misleading. It should not be surprising 
to find a spectrum of mucosal and clinical response to 
gluten ingestion, from very rapid to slow, as part of 
natural biological variability, and also perhaps related 
to differing responses at different ages. 

We are worried by the statement concerning children 1n 
whom ‘no adverse response to gluten occurs after 2 years 
of reintroduction', and the remark that 'Some, perhaps 
the majority, will rightly be considered to have had 
"transient'' intolerance which is now cured, and will be 
discharged from the clinic’. ‘Adverse response’ is not 
defined, and apart from our belief that the '2-year rule' 
will not be valid for all coeliacs, we are emphatic that 
absence of an adverse clinical response alone after 2 years 
on gluten does not exclude coeliac disease, since we have 
evidence to the contrary.? Rather than suggesting, as 
McNeish and colleagues do, that any patient with a 
normal mucosa after 2 years on gluten may be followed 
up by research workers only, we believe that any such 
patient should be carefullv followed for several years, 
with biopsies at intervals of 12 to 24 months, and coun- 
selled to return for further investigation in the event of any 
form of ill health. Only in this way can the occasional 
slow and late mucosal relapse be detected, and subsequent 
illness be prevented. 

We also question the need for gluten challenge in a 
child in whom a flat biopsy has been found who has not 
had acute enteritis, cows' milk intolerance, or IgA 
deficiency, and who responds to a gluten-free diet. The 
aim of gluten challenge in such children is to detect the 
595 or so (as judged by the results of the ESPGAN 
questionnaire and our own tri who will not have a 
mucosal relapse after 2 years on normal diet. Rather than 
subject each child thought to have coeliac disease 
according to these criteria to a gluten challenge and a 
minimum of 2 biopsies, we advise a gluten-free diet for an 
indefinite duration, with regular clinical review, and 
biopsies at 5-yearly intervals throughout life, or whenever 
there is clinical suspicion of a mucosal relapse. In the 
natural course of events, many patients will be found to 
have morphological, cytological, or enzymological 
evidence in biopsies which will indicate persisting gluten 
intolerance, thus providing the same information that an 
earlier postdiagnosis gluten challenge would have done. 
(Even if a postdiagnosis challenge has confirmed gluten 
intolerance, we believe that regular mucosal surveillance 
is still indicated in an attempt to ensure as normal a 
mucosa as possible, by means of continued gluten 
abstinence.) Any child who reaches early adult life with a 


mucosa which appears normal in all respects can then be 
offered a gluten challenge which, according to a recent 
study, may demonstrate persisting gluten intolerance 
more decisively, than a similar challenge in childhood. 

This policy may result in a small percentage of children 
remaining on a gluten-free diet unnecessarily during 
adolescence, but with our present uncertainty about the 
ultimate state of tolerance to gluten in children presenting 
with flat intestinal biopsies, this may not be a bad thing. 
A precise understanding of the pathogenesis of gluten 
enteropathy and a reliable noninvasive method of 
identifying it in all patients might, as McNeish and 
colleagues imply, render much or all intestinal biopsies in 
such patients unnecessary. 
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Professor McNeish and co-workers comment: 


We thank Professor McNicholl and his colleagues for, 
their comments. Professor McNicholl was one of the 

respondents to the coeliac questionnaire and he made 

valuable contributions to the discussions that followed in 

1977. We hope that he recognises something of himself in 

our summary. 

The further details that he and his colleagues have 
supplied on a late relapsing coeliac child are of great 
interest and confirm our contention that, although relapse 
within 2 years of reintroduction of gluten may be the rule, 
there are likely to be rare exceptions. 

Professor McNicholl and colleagues make a plea that 
all who do not relapse after 2 years of gluten challenge 
should be followed indefinitely to exclude late relapses. 
We agree witb this, but suggest that such patients should 
be grouped and studied by teams who have a particular 
research interest in the problem. For the practising 
paediatrician who has such a case, the important practical 
point after 2 years of uneventful gluten ingestion is to 
review critically the original diagnostic criteria on which 
the diagnosis of coeliac disease was based, and to attempt 
to estimate the amount of gluten likely to have been 
ingested during the challenge period. 
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We agree that an ‘adverse response’ to gluten must be 
measured by changes in intestinal mucosal morphology. 


, '"« We are glad to be able to stress this, because an absence of 


symptoms cannot be equated with a lack of response to 
gluten. 

We do not agree that gluten challenge is unnecessary in 
an infant with a flat biopsy who has not had acute 
enteritis, cows' milk intolerance, or IgA deficiency, and 
who responds to a gluten-free diet. Our clinical acumen 
is not as great as that of our Trish colleagues, and it is in 
such infants that we have difficulty in making a firm 
retrospective diagnosis of coeliac disease. 

Lastly, the timing and technique of gluten challenge 
that Professor McNicholl and his colleagues use is only 
one of several apparently satisfactory regimens. We agree 
that there is the need for more precise definition of a 
positive response to gluten challenge, and that this need 
will remain until the ‘cause’ of coeliac disease is known. 
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Technique for facilitating tendon 
reflexes in children 


Sir, 

I do hope that Dr Varcasia’s technique for eliciting 
tendon reflexes in a child by making him gag with a 
tongue depressor during examination of the throat! will 
not become a common practice. 

Any paediatrician who examines children will, one 
hopes, have learned at his mother’s knees or will know 
instinctively that the most painful and distressing part of 
any examination should be left until last, and that no 
painful or distressing procedure should be used unless it 
can be justified. The picture of a child sobbing from this 


Correspondence 577 


assault while the doctor attempts to obtain the errant 
reflex has elements both of tragedy and comedy. The 
suggestion that the assault be made by the mother seems 
particularly unpalatable, especially as this would appear 
to thwart the primary purpose of the throat inspection—to 
allow the doctor to see the throat and observe palatal 
movement. 

One of the pleasures of working with children is that 
the doctor can allow himself to regress and to be a little 
childish. It is seldom difficult to obtain the co-operation 
of a child m reinforcing the reflexes by a variety of 
devices. Most children will happily squeeze their parent's 
finger, or even the doctor's, often taking an aggressive 
delight in doing so, and this will generally bring up a knee 
jerk which has been sluggish, if it is capable of being 
reinforced. À squeaky toy or rubber ball may be squeezed 
with the same effect, or the child can be persuaded to bite 
strongly on a sweet (jelly-babies are particularly useful 
since the child enjoys the symbolic make-believe). 

Anxiety and tension will normally elicit tendon jerks, 
but many would consider the cost too high. Àn adequate 
neurological examination can be obtained in most 
children without upsetting them, or the doctor. This 
should surely be the aim to strive for. 
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Dr Varcasia comments: 


I agree that no unjustified distressing procedure should be 
used and I also agree that distressing parts of the examina- 
tion should be left until last, but I am unable to conceive 
as an assault any part of the examination of a child. I 
think that paediatricians must perform with gentleness 
any unpleasant manoeuvre that is necessary. 

My technique for eliciting tendon reflexes is easy, 
rapid, and is nearly always successful; I use it only if other 
manoeuvres have failed or if I have not obtained the 
co-operation of the child. Consequently I think that 
my technique will not become common practice, but I 
do not see in it elements either of tragedy or comedy. 


EUGENIO VARCASIA 
Department of Paediatrics, 
General Hospital, 

04100 Latina, Italy 


Lomotil in diarrhoeal illnesses 
Sir, 
I was disturbed by the suggestion made by Dr Karan and 


Dr Limaye! that Lomotil might have a place in the 
treatment of childhood diarrhoea in the tropics, and was 
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sorry that Dr Goel appeared to concur, albeit reluctantly. 
Certainly the management of diarrhoea in developing 
countries will not be the same as in developed countries, 
but the central element is still fluid therapy. Dr Karan and 
Dr Limaye offer no evidence that Lomotil will reduce the 
morbidity of this severe disease, nor even that it will 
shorten its course. Fluid loss is of much greater importance 
than intestinal motility and the lack of efficacy of Lotomil 
in reducing frequency of bowel movements and the 
water content of the stools in acute childhood diarrhoea 
has been documented.? The essential role of oral hydra- 
tion in its management in all countries has been widely 
discussed.*—? It is strange that Dr Karan asserts ‘where 
children have no access . . . to fluid therapy, symptomatic 
control becomes important', when surely a home-based 
electrolyte mixture is more readily available, and is safer 
and more effective than Lomotil. À glucose electrolyte 
solution can be made up correctly by mothers at village 
level,’ and has a striking effect on mortality.!? In this 
climate of opinion propaganda in favour of symptomatic 
control of a killing disease seems at the least unwise. 
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Dr Goel comments: 


There is no disagreement that the mainstay of treatment 
of childhood diarrhoea in any part of the world is 
correction of dehydration and electrolyte acid-base status 
and not the use of an antidiarrhoeal drug such as Lomotil. 

Of course, as indicated by Dr Waterston, any mother, 
whether from a developing or a developed country, can 
correctly make a glucose-electrolyte solution for oral 
therapy. However, one should remember that oral therapy 
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is effective only ina child with slight or moderate dehydra- 
tion. In a severely dehydrated child intravenous fluid 
therapy is ‘mandatory, especially if he is not retaining 
fluids orally, and such therapy may often be unavailable 
in more remote areas of the tropics. 

As far as the use of Lomotil in tropical diarrhoea is 
concerned, I merely acquiesced in the statement of 
Dr Karan and Dr Limaye on their experience. 


K M Gor. 
Royal Hospital for Sick Children, 
Yorkhill, Glasgow G3 8SJ 


Dr Karan comments. 


In response to Dr Waterston's letter, I do not think that 
there is any argument about fluid therapy being an 
important, element in managing diarrhoea, but I am 
equally disturbed at his suggestion that Lomotil has 
little place in managing tropical diarrhoea. 

Lomotil is no substitute for oral fluids, but it is of 
symptomatic value in decreasing diarrhoea at least in the 
tropics, whether children have been given fluids or not. 
Field! (cited by Dr Waterston himself) stated ‘Oral 
glucose-electrolyte therapy, however, does not decrease 
diarrhoea’, and our own study? (cited 1n earlier correspon- 
dence) showed that in a control group given fluids alone 
the diarrhoea was not controlled as effectively as in the 
three groups given varying doses of Lomotil in conjunction 
with fluids. The Wilcoxon method of analysis and the 
permutation test showed that all three Lomotil groups in 
our study had diarrhoea for a significantly shorter time 
than the group given fluids alone (P — 0-001). 

Other workers in India,** and Africa? have shown that 
Lomotil reduces the frequency of bowel movements (in 
many cases within 24 hours) in tropical diarrhoea and is 
safe if used as recommended, despite Portnoy's evidence 
to the contrary? cited by Dr Waterston. Incidentally, that 
study showed 12 of 39 cases to be of parasitic origin, and 


in 27 cases no stool culture results were available. ' 


Lomotil can hardly be of value in parasitic infections. 
Portnoy himself stated ‘. . . it is difficult to evaluate the 
meaning or usefulness of stool water content determina- 
tions in the study of diarrhoeal illness’. 

Finally, I should like to stress that we do encourage the 
use of oral fluids, and are fully aware of their beneficial 
effect on mortality. However when oral fluids are made up 
in rural areas there is a great danger that the solution will 
be too concentrated or too diluted, as outlined by 
Sedgwick and Cutting.? 

We recommend that under such conditions Lomotil 
should be given judiciously in conjunction with fluids. We 
know that the drug is no panacea but it plays a valuable 
role in acute nonspecific diarrhoea, at least in the tropics 
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Dominant Sotos's syndrome 


Sir, 

Since the first report of a syndrome of cerebral gigantism 
in childhood by Sotos et al. many similar cases have been 
described. Sotos et al.* reviewed 105 other cases as well as 
10 of their own. The condition was generally sporadic, but 
some reports indicated a genetic basis. Until now, there 
have been two reports of 4 families?-? in which a dominant 
mode of inheritance was shown, considered most likely to 
be autosomal dominant, although dominant X-linked 


~~. imheritance was not excluded. We report here the fifth 


example of dominant Sotos's syndrome. 

We recently examined a 4-year-old girl because of 
speech delay and large body size—her height was over 
97th centile, weight on 90th centile, and head circum- 
ference on 97th centile. Examination showed other signs 
ofcerebral gigantism—such as a high arched palate, a high 
bossed forehead, hypertelorism, a flat nasal bridge, and 
prognathism. She had large hands and her shoes were size 
3, the size worn by an average 10-year-old child. Bone 
age was advanced at 5-75 years. Banded karyotype was 
normal. She had slight mental retardation. 
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The mother was also examined as she, too, was large. 
Her height, weight, and head circumference were all above 
the 90th centiles, she had large hands and feet, pronounced 
prognathism, & very high palate, coarse facial features, 
and a deep hoarse voice. She had a full scale IQ of 85. 
Banded karyotype was normal. There was some enlarge- 
ment of the lateral ventricles shown by computerised 
tomography. We consider that she has Sotos's syndrome. 
There was no evidence of gigantism in any male relative. 

For both mother and daughter, the differential 
diagnosis was gigantism due to general genetic endow- 
ment, or gigantism due to Sotos's syndrome. Apart from 
the gigantism, both of them have many of the clinical 
signs of Sotos's syndrome. The diagnosis is more obvious 
in a child than an adult. This point is exemplified by the 
fact that until now the syndrome in adults has been 
detected only through the investigation of their children,‘ 
so that the pediatrician plays an important role in 
detecting adult cases. 
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Book reviews 


Child Abuse: Aspects of Interprofessional 
Co-operation. By Christine Hallett and 
Olive Stevenson. (Pp. 118; £7-95 hard- 
back, £3-30 paperback.) Allen & Unwin: 
London. 1980. 


This book, lke much of the recent 
literature on child abuse, traces its origins 
to the Maria Colwell inquiry in which both 
the authors participated. That inquiry, 
together with subsequent ones, is referred 
to throughout to illustrate the difficulties 
' of communications between professionals 
who are often working within very 
different frames of reference. The overall 
aim of the book is to examine 'inter- 
organisational and 1nterprofessional rela- 
tüonships with particular reference to 
child abuse'. While written primarily for 
social workers, the paediatrician who 
attends case conferences—if he can 
survive the unfamiliar jargon—will find 
plenty to interest him, particularly in the 
chapter which describes the background to 
the use of case conferences and discusses 
their purposes. The authors have drawn 
on two research studies. For the first they 
Observed 13 case conferences, all in one 
area, and later interviewed the participants 
(who happened to include myself) from a 
subsample. It would seem rash to draw 
generalised conclusions about  inter- 
professional communication from such a 
sample. For those interested, the data from 
this study have been written up in more 
detail by C Desborough and O Stevenson 


(Case conferences: a study of inter- 
professional | communication concerning 
children at risk. University of Keele 
Social Work Research Project: 1977). The 
second research project on which the book 
draws is a larger one which 'exarnined the 
task of the local authority social worker 
and the implications for social work 
education’. Three aspects of the study 
were felt by the authors to be relevant to 
the management of child abuse: relation- 
ships between social workers and other 
professionals, setting of social work 
priorities, and pressures on staff. 
References to the findings of this second 
study are to be found throughout the 
book, and give us some insights into 
social work practice. 

This book succeeds in highlighting some 
of the problems in communication 
between disciplines. Before professionals 
can hope to work together to help abused 
children and their families, they must learn 
to understand each other. It is also clear 
that the case conference system, as 
currently operating, would benefit from a 
reappraisal. 

MARGARET A LYNCH 


Epidemiology of Anencephalus: and Spina 
Bifida. By J Mark Elwood and J Harold 
Elwood. (Pp. 413; illustrated + tables. 
£25-00 hardback.) Oxford Medical 
Publications: Oxford. 1980. 


Congenital defects of the neural tube have 
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been the archetype for the epidemiologic 
approach to the study of human me 
formations. They are common, they ct 
scarcely be overlooked at birth, and th: 
are characterised by some tantalisit 
epidemiological features. Anencephalus 
convenient because perinatal death 
inevitable; spina bifida is inconvenie 
because it calls for difficult clinic 
decisions; both are at the heart 
the current debate about diagnos: 
screening. 

The Elwood namesakes bring toget] 
in this book their own important ce 
tributions to the field, a thorough revi 
of the relevant literature, and sot 
comments on the broader issues, especia 
those related to prenatal diagnosis. 
therefore covers wider ground than ft 
epidemiology of the title, including use! 
data on recurrence risks, but is n 
intended to guide clinical management. 
is above all a reference book, not a bo 
to be read in large slabs. 

There is little to cavil at. The literatı 
review would perhaps have been enrich 
by a more interpretative and critic 
treatment. The references in the text £ 
not a perfect match with those at the e 
of the book. And is it not time we agre 
to abandon the foetal o? But the style 
clear, the content up to date, and t 
production excellent. The  teratolo 
section of your library must make. Toc 
for this book. 

R W SMITHEI 





















"Whats new for 
breakfast Mum?” 


Even more variety from milupa 


Granulated Rusk with Mixed Fruit. 
A new fruity-tasting companion 

product to the highly successful 

Granulated Rusk. The mixed fruits 

include pineapple, apple, banana, 

and orange-introducing Baby to new 

and delightful tastes for the future. 


— Oat Breakfast Cereal. — 

p. ài Oat Breakfast Cereal with Apple. 
Two new breakfasts for Baby, based on the 

traditlon of oats! There's whole grain 

goodness in these delicious oat varieties. 

Now the Milupa range offers the choice of 

rusk, wheat, rice and oat-based products- 

and ali designed and fortlfied to satisfy 

Baby with a varlety of balanced nourishment. 


@ 11 vitamins plus Vitamin C 

@ Added calclum and iron 

e Modified milk already added 
@ Easy to digest 

@ Excellent taste 

@ Fast convenient preparation 





If you would like samples of these three products and further 
Information contact Dept AD3, 

Milupa Ltd , Milupa House, Cowley Peachay, 
Uxbridge, Middlesex. Tel. West Drayton 48286, 
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=) A new generation of baby foods 
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Annotation 


should handicapped children attend ordinary schools? 


The Warnock report! has raised many issues 
relevant to child health. Among these are the 
arguments for and against the integration of 
handicapped children into ordinary schools. This 
aspect has been given topical prominence by the 
affirmation of the Secretary for Education of his 
support for the implementation of section 10 of the 
1976 Education Act.? This states that, subject to 
certain qualifications and from a date to be deter- 
mined, handicapped pupils in England and Wales 
should be educated in ordinary schools in preference 
to special schools. It is appropriate therefore, that 
not only should the issue of integration be debated 
but also that the contexts in which such a develop- 
ment could occur be clarified. 


The present position 


Less than 20% of children, whether handicapped or 
not currently have preschool placement before they 
are S-years old,?^! although this percentage must 
vary between one district and another. The preschool 
is not generally used more by handicapped children 
than by their healthy peers.? Most of this preschool 
provision is by means of day nurseries and play 
groups, and neither usually includes teachers among 
their staff. The priority for preschool children 
therefore, may be considered as a general extension 
of educational facilities for all and not merely for the 
handicapped. 

Many handicapped children aged between 5 years 
and school leaving age have already been integrated 
into normal schools. In 1977, 12% of all children 
ascertained to be in need of special education were 
attending ordinary schools. Their handicaps were 
usually slight but extended across the whole range of 
disabilities.? Any discussion relating to this group of 
children should be centred therefore, on the rationale 
and the methods for extending integration and for 
making it more effective, rather than on the under- 
lying principle. The fact that the number of births in 
the UK has fallen over recent years should also be 
taken into consideration, although the birth rate may 
now be rising again. It should also be borne in mind 
that perinatal and paediatric policies have been 
directed towards the prevention of handicap, so it 
may well be that the number of children with special 
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educational needs will be considerably smaller than it 
was a decade ago. This will make more places 
available in both ordinary and special schools, and 
the advantages and disadvantages of these placements 
will have an additional contemporary significance. 


For and against integration 


The difficulties of handicapped children attending 
ordinary schools have been vividly described by 
Kershaw. He stressed the vulnerability of such 
children, especially in terms of limitation of 
performance—which may be physical, academic, or 
both—and in terms of differences in expectation, both 
their own expectations and those of their families.and 
of school staff. Such difficulties are more likely to be 
overcome if the child's disability is slight and if the 
school staff and curriculum are flexible. There are 
social and educational benefits when such an 
integration is achieved. Educationally the potentially 
greater breath, depth, and pace of the teaching are 
obvious, especially when these are compared with the 
inroads made on educational time in so many special 
schools by the need to transport and mobilise the 
pupils, and take them to the lavatory. In such 
circumstances there is always the danger that the 
more able handicapped child will have to proceed at 
a slower pace than he need. 

There is also the great advantage for the handi- 
capped child at a normal school to have as his models 
children who are physically, mentally, and socially 
able. If integration is to become more extensive than 
at present however, more suitably trained teachers 
will need to be appointed as additional staff members 
in ordinary schools. 

Socially the exposure of handicapped and normal 
children to each other may help integration beyond 
school as well as within it. Allied to this, the stigma of 
attending a special school persists in the minds of 
much of society, including the handicapped child 
himself, his parents, and his potential employers. The 
practice of transferring the handicapped child to an 
ordinary school in the years before he leaves, now 
increasingly practised, goes some way towards 
combating this stigma, in addition to providing rele- 
vant experiences for the child. 

In any calculation of the advantages of integration 
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it is necessary to evaluate the indications for and 
benefits of special school placement. Clearly the 
more handicapped the child, the more likely it is that 
such a placement will be needed but it would be 
wrong for such a situation to be interpreted 
negatively. Comprehensive assessment of the needs 
of children with severe and multiple handicaps 
implies appropriate planning and resources to fulfil 
their medical, educational, and social needs. 
That assessment must not merely be a labelling or 
placement exercise. Instead it should initiate the pro- 
duction of a profile of a child's abilities which can 
further be explored and extended in the classroom. 
From the schooling viewpoint it is therefore, 
reasonable to expect teachers who have a special 
educational qualification together with some of their 
supporting staff to plan a suitable curriculum and 
integrate it where necessary with other aspects of 
care—for example, parents’ support groups, physio- 
therapy, and speech therapy. In special circumstances 
such integration could be the basis of the whole 
educational strategy, as in the Peto method of 
conductive education for children with cerebral 
palsy.5 Cues such as these are taken up by the 
Warnock report in its advocacy that some special 
schools should become resource centres for handi- 
capped children. Such a proposal would correlate 
well with proposals for the creation of district 
handicap teams put forward in the Court report* and 
already implemented to some extent. 


For the future 


Further integration of handicapped children into 
ordinary schools cannot be considered in isolation. 
Instead it must be viewed within the twin contexts of 
all the needs of children with handicaps, and of 
educational services and resources as a whole. 

On the former count, programmes for prevention, 
identification, comprehensive assessment, manage- 
ment, and care (and education is involved with most 
of these) are far from fully developed. As a result 
children may well come to school entry with 
disabilities that are unidentified or are in- 
appropriately managed. Circumstances such as these 
can clearly invalidate any integration policy and the 
Warnock report, rightly therefore, repeatedly stresses 


the importance of accurate assessment as a pre- 
requisite to school placement. 

The second context, that of educational services 
and resources as a whole, is equally important. It 
would be wrong for central government, or individual 
educational authorities to attempt to integrate 
handicapped children into normal schools as an 
inexpensive option and mainly for social gains. The 
Warnock report! emphasised a number of priorities. 
These include a much wider provision of preschool 
education for both handicapped and normal 
children, special educational services that are more 
flexible and sensitive to the needs of individual 
handicapped children and their families, greater 
attention to the needs of handicapped adolescents, 
and more widespread and effective teacher training 
for special education. It would seem that action on 
these measures should be taken before there is any 
significant increase in the present degree of integra- 
tion of handicapped children into ordinary schools. 


References 


TÓ 


Warnock M, chairman. Report of the Committee of 
Enquiry into the Education of Handicapped Children and 
Young People: Special educational needs. London: 
HMSO, 1978. 

Anonymous. Help pledged for handicapped at school. 
Daily Telegraph 1980, March 4: 8 (col 2). 

Clark M M. A research project on pre-school education 
and handicapped and exceptional children. In: Warnock 
M, chairman. Report of the Committee of Enquiry into the 
Education of Handicapped Children and Young People: 
Special educational needs. London: HMSO, 1978: 389-90. 
Stephenson J, Ellis C. Which 3 year olds attend pre-school 
facilities? Child Care Health Dev 1975; 1: 397-411. 
Kershaw J. Handicapped children in the ordinary school. 
In: Varma V P, ed. Stresses in children. London: University 
Press, 1973; 1-20. 

Cotton E. Integration and treatment in education in 
cerebral palsy. Physiotherapy 1970; 56: 1-5. 

Court C D M, chairman. Report of the Committee on 
Child Health Services: Fit for the future. London: HMSO, 
1976. 


te 


uw 


yi 


c 


~“ 


L ROSENBLOOM 

Department of Neurology 

and Child Development Centre, 
Alder Hey Children’s Hospital, 
Eaton Road, 

Liverpool L12 2AP 


Archives of Disease in Childhood, 1980, 55, 583-588 


Outbreaks of hand, foot, and mouth disease by 


enterovirus 71 


High incidence of complication disorders of central nervous system 


YOSHIRO ISHIMARU, SHOZO NAKANO, KUNIO YAMAOKA, AND SHUNSAI TAKAMI 


Ishimaru Paediatric Clinic, Matsuyama, Ehime, Japan 


SUMMARY In Japan we have had two outbreaks of hand, foot, and mouth disease associated with 
disorders of the central nervous system, one in 1973 and the other in 1978. The isolated virus in both 
outbreaks was enterovirus 71. Central nervous system disorders were present in 24% of patients 
in 1973 and in 8% of patients in 1978. These disorders were localised encephalitis with cerebellar 
signs as the main feature, aseptic meningitis, and polio-like paresis. The enterovirus 71 isolated in 
Japan had strong dermatotropic as well as neurotropic tendencies. However in cross-neutralisation 
tests, no difference in antigenicity from the prototype, BrCr strain, was recognised. 


In Japan we have had four outbreaks of hand, foot, 
and mouth disease (HFMD)—in 1970, 1973, 1975, 
and 1978. Hitherto, this disease caused by coxsackie- 
virus A16 had been considered to be benign.’ 
However, in the 1973 and 1978 outbreaks, many 
patients had central nervous system (CNS) dis- 
orders in addition to skin manifestations.*~* Some 
of these patients died and others had serious 
sequelae. In such cases, enterovirus 71 was isolated 
as the pathogenic agent. This suggested that, despite 
identical skin manifestations, HFMD could be 
caused by two different pathogenic agents, coxsackie- 
virus Al6 and enterovirus 71, associated with 
different syndromes. Reports from the USA and 
Australia have shown that enterovirus 71 is strong 
in neurotropism but very weak in dermatotropism.‘~® 
However, enterovirus 71 isolated in Japan seemed 
to have a dermatotropic character as well as a 
neurotropic one. 


Materials and methods 


The subjects studied were children visiting Ishimaru 
Paediatric Clinic, Matsuyama, Japan as outpatients. 
Their ages ranged from 0 to 16 years. The sera of 
their mothers were tested, too. 

Examinations for the viruses were carried out in 
throat swabs, stools, vesicle fluid, and cerebrospinal 
fluid collected from each patient with HFMD at his 
first visit to the clinic. Serum was collected at the 


patient's first visit for the acute phase, and at another 
visit made at least 15 days later for the convalescent 
phase. The isolation of virus was performed using 
primary rhesus monkey kidney cells in 1973, and the 
established cell lines of African green monkey kidney 
in 1978. Isolated viruses were identified by the 
neutralisation test first, with 20 units of Schmidt pool 
serum. If the virus could not be identified by this 
procedure it was then tested with 100 units of 
antiserum against enterovirus 71 prototype strain 
(BrCr). 

The titration of neutralising antibody against 
enterovirus 71 and coxsackievirus A16 in the paired 
sera of the patients, in the sera of the subjects, and 
in the cross-neutralisation test of the viruses was 
performed by the 80% plaque reduction technique 
with carboxymethylcellulose overlay medium using 
green monkey kidney cells. In a very few cases in 
1973 antibody titres to enterovirus 71 of the patients 
were performed by complement-fixation test. The 
titres of neutralising antibody to coxsackievirus A9 
and coxsackievirus B5 were determined by micro- 
plate technique using primary rhesus monkey kidney 
cells, and expressed as 50% neutralising titres. 


Results 
Epidemiological background. The percentage of the 


population who had antibody to enterovirus 71 and 
coxsackievirus A16 is shown in Fig. 1. In 1972 and 
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Fig. 1 Evidence of neutralising antibody to 
enterovirus 71 and coxsackievirus A16 in the 
population tested. 


1977, no one under age 4 years had the antibody. 
20-40 ?5 of children between 4 and 9 years and 40- 
7094 of those between 10 and 15 years possessed 
the antibody. Antibody to coxsackievirus A16 
(G-10) could not be found in 35-80 % of the subjects 
older than age 2 years. 


Outbreak of HFMD associated with CNS disorder. 
The outbreak of HFMD in 1973 started with the 
first case on 21 July. Subsequently there were 335 
more: 36 in July, 156 in August, 114 in September, 
27 in October, and 2 in November. In 1977, 1 case 
was observed in May, and 2 in September. In 1978, 
there were 2 cases in January. The outbreak started 
with 121 cases in May, 426 in June, and 173 in July. 
In August the epidemic receded rapidly with only 9 
cases that month, and 3 in September. Altogether 
there were 692 cases in that outbreak. 

The age distribution of patients with HFMD in the 
outbreaks in 1973 and 1978 is shown in Fig. 2. In 
1973 the highest incidence was in l-year-old children, 
as had been the case in earlier outbreaks of HFMD 
by coxsackievirus A16. The next highest incidence 


1973 
[ 11978 


Total patients (°c) 


0 
Age (years) 





Fig. 2 Age distribution of patients with hand, foot, 
and mouth disease in 1973 and 1978. 


was in 2-year-old children; and the 0-2-year-old age 
group constituted 64% of all patients. In 1978 the 
highest incidence was in 3-year-old children, followed 
by 2-year-old and then by 4-year-old children. The 
youngest infant affected was 42 days old and his 
mother was affected too. There were 189 boys and 
148 girls in the 1973 outbreak, making the male to 
female ratio 1:3:1. In 1978 there were 343 boys and 
349 girls, making the male to female ratio approx- 
mately unity. 


Clinical symptoms in HFMD cases with CNS disorder. 
The skin eruption in these outbreaks was similar to 
that in outbreaks reported by others, both in its 
appearance and distribution. It was manifested as 
papules and vesicles accompanied by flare on the 
hands and feet, and aphthae on tongue and oral 
mucosa. In infants of 2 years or less however, fine 
macular papules and diffuse erythema and rash were 
observed on the thighs, buttocks, upper limbs, and 
the trunks. 

In addition to the skin manifestations charac- 
teristic of HFMD, some of the patients had the 
following symptoms: (1) fever for more than 3 days, 
(2) headache or vomiting or both, (3) irritability, 
somnolence, tremor, ataxia, and myoclonus, and 
(4) flaccid monoparesis in the lower extremity. In 81 
of 86 patients who had these symptoms, cerebro- 
spinal fluid showed pleocytosis suggesting CNS 
disorder. 81 (2497) of 335 cases in 1973, and 54 (8%) 
of 962 cases in 1978 had symptoms or laboratory 
data that suggested CNS disorders. CNS complica- 
tions were present in infants of all ages. The highest 
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incidence was in l-year-old infants, 38 -5°% of whom 
had CNS disorders. In most of them, the onset of 
CNS disorders was noticed between day 2 and day 4 
after the onset of skin eruption. The clinical features 
relating to CNS disorders in these patients, based on 
observations made in 1973, are shown in Table 1. 
Nausea and vomiting were present in 43°% of these 
patients. However, these symptoms constituted only 
33% of the patients whose main clinical features were 
ataxia, and tremor or myoclonus (or both). Exag- 
gerated deep tendon reflexes were seen in 77% of 
them. However, this sign fluctuated according to the 
time of examination. Intention tremor was seen in 
59% and myoclonus in 26%. When we studied 
sleep disturbances—such as nightmares or crying—it 
appeared that these children had been awakened by 
myoclonus of the extremities or of the whole body. 
Ataxia was seen in 47%. These children tottered 
or walked beside a wall, walked with wide-based 
legs, or with short steps, or with staggering on one 
side, and sometimes they could not walk. The deep 
tendon reflexes of such children were not decreased. 
Tremor, myoclonus, and ataxia generally dis- 
appeared between 2 and 4 days after the onset. 
However, in a few children ataxia persisted for 
between 10 and 20 days. 

There was no serious disturbance of consciousness. 
There were complaints of somnolence or lethargy in 
6 patients, and visual hallucination in one. There 
were 2 cases of flaccid monoparesis in the lower 
extremities; both patients recovered in 40 days. 

Thus the pattern of neurological manifestations 
could be categorised as follows: 

Type 1. An illness with no sign of cerebral dys- 
function or meningeal irritation, associated with 
fever persisting for more than 3 days and pleocytosis 
in cerebrospinal fluid. 

Type 2. Meningitis accompanied by 
meningeal irritation. 


signs of 


Table 1 Signs and symptoms in 81 patients with 
hand, foot, and mouth disease who also had disorders 
of the central nervous system 








Signs and symptoms No of cases 
Headache 12 
Vomiting 35 
Kernig’s sign 29 
Nuchal rigidity 14 
Nightmares 17 
Irritability 7 
Knee jerk 

hyperreflexia (fluctuated) 63 

hyporeflexia 3 
Intention tremor 48 
Truncal ataxia 38 
Myoclonus 21 
Nystagmus 2 
Flaccid monoparesis 2 





Type 3. Localised encephalitis affecting mainly the 
cerebellum, manifesting itself as ataxia, myoclonus, 
and tremor. 

Type 4. Flaccid monoparesis, suggesting injury to 
anterior horn cells or to peripheral nerves. 

The incidence of each type is summarised in Table 
2. In the outbreak in 1973, the principal manifesta- 
tion of neurological disorder was type 3, whereas in 
1978 it was type 1. 

The findings of cerebrospinal fluid test are shown 
in Table 3. These results are similar to those for 
aseptic meningitis by other strains of enterovirus. 
There was no difference in the findings between 
patterns of illness. 

Electroencephalograms (EEGs) were obtained 
from 24 patients with type 3 during the acute phase 
of illness. There were 9 cases of dysrhythmia, and 
10 of sporadic synchronous high-voltage slow waves. 
However, no finding indicated serious cerebral 
dysfunction. The overall assessment of EEG findings 
was normal in 8 cases, borderline in 6, and showed 


Table 2 Incidence of each type of central nervous 
system disorder in two outbreaks of hand, foot, and 
mouth disease 





Incidence 








Type* In 1973 In 1978 

l 5 24 

2 15 6 

3 59 24 

4 2 0 

* See text. 

Table3 Findings of cerebrospinal fluid according to the 


pattern of illness* 





Number of cases 





Type 1 Type 2 Type 3 
Cell count ( x 106/1) 
10- 30 0 4 4 
31-170 4 5 29 
171—300 l 4 20 
301- 0 2 6 
Polymorphs (°% of cell count) 
— 30 3 12 39 
31- 70 2 3 19 
71- 90 0 0 4 
Protein content (mg/100 ml) 
— 30 2 5 8 
31- 50 2 4 24 
51- 0 5 27 
Sugar content (mg/100 ml) 
— 40 0 0 0 
41— 70 3 9 Zi 
71- 2 5 32 





Conversion: traditional units to SI —protein: | mg/100 ml œ 0-01 g/l 
glucose: | mg/100 ml « 0-0555 mmol/l. 

*Clinical features presented by each type of pattern of illness are 
described in text. 


, 
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Table 4 Jsolation of enterovirus 71 and other viruses from patients with hand, foot, and mouth disease 








1978 





Other viruses 





Enterovirus 71 Other viruses 


Vo) 


| 


No examined 





Specimen 1973 
No examined Enterovirus 71 
(%) 
Throat swab 13 3 (23) 1* 
Vesicle fluid 20 11 (55) 
Faeces 73 18 (25) 2* 
Cerebrospinal fluid 86 1 (1) 1* 





57 20 (35) 2t 
22 6 (27) 

32 11 (34) If 
22 1 (5) 





*Coxsackievirus B5, tpoliovirus 2 and parainfluenza virus 3, fadenovirus 5. 


cerebral dysfunction in 10 cases. EEGs were obtained 
from 42 patients with the same type at 3 months and 
then 12 months later. All were normal except one. 

Developmental tests were performed 3 months 
and 12 months after the onset of illness. The results 
were all in the normal range. One year later, there 
were no symptoms of minimal brain dysfunction— 
such as lack of concentration, abnormal behaviour, 
or clumsiness. 

ECGs were taken from 42 patients in the acute 
phase. In one case, there was sinus arrhythmia, but 
one week later it was normal. There were 2 cases of 
transient albuminuria. 


Virological tests. The results of virus isolation are 
summarised in Table 4. In 1973, 37 strains were 
successfully isolated. In a few cases, coxsackievirus 
BS was isolated from throat swabs, but not from 
vesicle fluid. Virus was isolated from cerebrospinal 
fluid in only 2 patients. 33 strains which could not 
be identified as coxsackievirus B5 with Schmidt pool 
serum were all neutralised by 20 units of enterovirus 
71 (BrCr) antiserum. 


Results of virus isolation in the outbreak of 1978 
(Table 4) were similar to those of 1973, the only 
difference being that 3 strains of para influenza were 
isolated as nonenterovirus 71. Furthermore, 10 


Table 5 Neutralisation test with various epidemic 
strains of enterovirus 71 and 3 standard antisera against 
enterovirus 71 and coxsackievirus A16 





Virus Reciprocal for antibody titre 


strain 


Specimen 
for virus 





Anti-CA16 





code no isolation Anti-EV 71 | Anti-73-2118* 

(BrCr) (1280)t (G-10) 

(2560)t (3200)t 
73-2038* Vesicle fluid 1600 400 <10 
73-2039 Vesicle fluid 3200 800 <10 
73-2049 Vesicle fluid 1600 800 <10 
73-2068 Vesicle fluid 3200 1600 <10 
73-2161 Vesicle fluid 1600 800 <10 
73-2089 Throat swab 800 400 <10 
73-2381 Throat swab 1600 400 <10 
73-2155 Faeces 3200 800 <10 
73-2160 Faeces 1600 800 <10 
73-2205 Faeces 3200 200 <10 





*Ev 71 strains isolated in 1973. 
+The figure in parentheses is the homologous titre of the indicated 
antiserum. 


Neutralising antibody 
to CB5 and CA9 


CF antibody to EV71 


128 2296 
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EV 71 - 
© Virus positive | <8 
e Virus negative 


Titre 


<4 4 8 6 32 64 8 8 
Titre in acute phase 





Fig. 3 Changes in antibody titre to 
enterovirus 71, coxsackievirus B5, 
coxsackievirus A9 in paired sera of patients 
with hand, foot, and mouth disease in whom 
central nervous system disorders were present. 
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strains isolated were readily neutralised even by 800- 
to 3200-fold dilution of anti-BrCr serum, but were not 
neutralised by anti-G-10 serum (Table 5). Similar 
results were obtained with strains isolated in 1978. 

In 1973 there were epidemic outbreaks of aseptic 
meningitis and febrile illness caused by coxsackie- 
virus B5, coxsackievirus A9, and echo 6 about 
the same time as the outbreak of HFMD in the 
Matsuyama area. Therefore, it is possible that the 
CNS disorder accompanying HFMD was caused by 
these other viruses. To exclude this possibility, we 
tested for changes in the titre of neutralising antibody 
to coxsackieviruses B6, A9, and A16 in the patients. 
The results are shown in Fig. 3. Only the antibody 
to enterovirus 71 showed a significant rise in titre. 

From these results, we concluded that the patho- 
genic agent of the CNS disorders that accompanied 
HFMD in the outbreaks in 1973 and 1978 was 
enterovirus 71. 


Discussion 


We have experienced four outbreaks of HFMD. The 
pathogenic agent of the outbreaks in 1973 and 1978 
was enterovirus 71, whereas that in the others was 
coxsackievirus A16. The skin eruption caused by 
enterovirus 71 was identical with that caused by 
coxsackievirus A16. In older patients the pattern was 
fairly typical; in patients aged less than 1 year fine 
macular papules and erythema, as described by 
Kennett et al? were often found on the thighs, 
buttocks, upper limbs, or trunk. 

CNS complications were observed in 249, of 
patients in 1973 and in 8% of patients in 1978. In 
96% of these the CNS disorder appeared between 
days 2 and 4 after the onset of HFMD. The male to 
female ratio was 1-3:1 in 1973, similar to that found 
with other strains of enterovirus. However in 1978 it 
was about unity. 

The neurological manifestations were variable, 
comprising meningitis, localised encephalitis, and 
flaccid monoparesis. In the cases of localised en- 
cephalitis, there were no fits or disturbances of 
consciousness to suggest serious cerebral dys- 
function. The only significant findings in the EEGs 
were dysrhythmia and sporadic synchronous high- 
voltage slow waves. These findings suggest that the 
illness should be regarded as slight cerebral dys- 
function rather than as encephalitis. There were 
many cases with truncal ataxia which suggested 
cerebellar vermis dysfunction and many with 
intention tremor, inability to walk straight, and 
nystagmus which suggested cerebellar hemispheric 
dysfunction. The lesion causing myoclonus is thought 
to be in thalamic or subthalamic reticular structures. 
Therefore, we concluded that the encephalitis 


caused by enterovirus 71 was localised mainly in 
the cerebellum and partly in the brainstem and the 
basal ganglia. This accords with the findings obtained 
at necropsy in crab-eating monkeys inoculated with 
enterovirus 71 which were described by Hagiwara 
et al.“ Previous reports of illness caused by entero- 
virus 71 include encephalitis with meningitis,"75 and 
meningitis only.2-!° However, further and more 
careful observation is necessary, because the main 
site affected appears to vary according to the in- 
fective strain. Furthermore, there were 2 cases with 
flaccid monoparesis affecting the lower extremities. 
In these cases, the knee jerk was diminished and the 
disturbance in the anterior horn cells or peripheral 
nerves was suspected. 

Attempts at virus isolation were made from 
vesicle fluid, stools, throat swabs, and cerebrospinal 
fluid by using cells from green monkey kidneys and 
primary rhesus monkey kidneys. In 1973, virus was 
isolated from 34% of patients, but it could only 
be isolated from cerebrospinal fluid in 2 patients. The 
isolated viruses were all identified as enterovirus 71 
except 5 strains which were identified as coxsackie- 
virus B5. Also 10 strains randomly selected were 
neutralised by antiserum to enterovirus 71 (BrCr). 
None was neutralised by antiserum to coxsackievirus 
A16. In 1978, 48 strains were isolated from 130 
subjects, and 45 were identified as enterovirus 71 by 
20 units of antiserum to enterovirus 71 (BrCr). In 
neither outbreak was any virus, other than entero- 
virus 71, isolated from vesicle contents. Both in 1973 
and 1978, a significant rise in neutralising titres 
against enterovirus 71 only was observed both in 
patients from whom enterovirus 71 was isolated and 
in those who were negative in the virus test. From 
these findings, it was concluded that the pathogenic 
agent of HFMD in both 1973 and 1978 was entero- 
virus 71. Despite the fact that no antigenic difference 
from the prototype BrCr was recognisable (Table 5), 
the enterovirus that we isolated was a strain with an 
extremely strong dermatotropic character rather than 
a neurotropic one. It seemed that this dermatotropic 
tendency was more evident in the 1978 strain than in 
the 1973 strain. It was very interesting that, despite 
the similarity in the antigenic character, enterovirus 
71 was so different in organotropic character accord- 
ing to the isolated strains. Attention should be 
directed to the organotropic character of this virus 
in future. 


We thank Dr G Toda, First Department of Internal 
Medicine, Tokyo University School of Medicine, for 
reviewing the manuscript. 


Presented in part at the Fourteenth International 
Congress of Paediatrics, Buenos Aires, 1974. 
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SUMMARY Several abnormalities in the central nervous system were shown in patients with progres- 
sive muscular dystrophy using computerised tomography (CT) scans, electroencephalograms, 
psychometry, and ophthalmological methods. In congenital muscular dystrophy, the most charac- 
teristic finding in the CT scan was a low density area in the white matter, seen in 14 (56%) out of 
25 cases. In Duchenne dystrophy, slight cerebral atrophy was observed in 20 (67°) out of 30 cases. 
It was interesting that in the case of Duchenne dystrophy the older the patient, the more severe 
were the CT findings. In congenital muscular dystrophy half the patients with a low density area 
showed a spike or a spike-and-wave complex in the electroencephalogram, and optic atrophy was 
evident in several cases. It is concluded that progressive muscular dystrophy is not only a myogenic 


disorder but also one which affects the central nervous system. 


Progressive muscular dystrophy is considered to be a 
myopathic disorder. Rosman and Kakulas! made a 
detailed neuropathological study of 12 cases and 
found abnormalities of cerebral development in 
patients in whom mental deficiency was present in 
addition to the muscular dystrophy. At necropsy 
examination of 8 cases of congenital muscular dys- 
trophy (CMD) in Japan, striking dysplastic 
abnormalities of the brain—such as diffuse cerebral 
and cerebellar micropolygyria, temporal agyria, and 
abnormal fusion of hemisphere at the frontal 
lobes—were found. In this paper, we use the term 
congenital muscular dystrophy for the Fukuyama 
type of CMD, and such is characterised by the early 
onset of hypotonia, involvement of facial muscles, 
joint contracture, severe mental retardation with 
occasional convulsions, and a slowly progressive 
course. Autosomal recessive inheritance, increased 
serum creatine phosphokinase activity, a myogenic 
pattern on the electromyogram, and dystrophic 
abnormalities in muscle biopsy justify the disease 
being classified as a form of muscular dystrophy. 

We studied central nervous system involvement in 
patients with CMD and Duchenne dystrophy using 
computerised tomography (CT) scans, electro- 
encephalograms (EEG), psychometry, and 
ophthalmological methods. 


Patients and methods 


Our study comprised 25 patients with CMD and 30 


with Duchenne dystrophy. Each was seen in our 
clinic between 1972 and 1977 (Table 1). Two girls 
were in the group of patients with Duchenne 
dystrophy; their ages at onset were 6 and 12. They 
are still walking at ages 16 and 17 years, but pseudo- 
hypertrophy of the calves was prominent in each. 
One had had a brother with typical Duchenne 
dystrophy who had died at age 12 with respiratory 
distress, with confirmation of the diagnosis at 
necropsy. IQs of these girls were 45 and 80. They 
may have the autosomal recessive limb girdle dys- 
trophy, but clinical resemblance to Duchenne 
dystrophy is strong. 

CT scans were carried out with the EMI 1000 or 
1010 equipment. Brain atrophy was diagnosed by 
an enlargement of internal and external cerebrospinal 
fluid spaces.' Cortical signs refer to qualitative 
evaluation of basal, insular, and interhemispheric 
cisterns and cortical sulci. Cisterns and sulci which 
showed enlargements of 3-5 mm were classified as 
slight, more than 5 mm as considerable. Internal 
signs refer also to qualitative evaluation. 

IQ (or DQ) was measured using a modified 


Table 1 Patients with progressive muscular dystrophy 


CMD (n — 25) Duchenne (n = 30) 





Male : female 11:14 
Average age (years) 7.9 
Range 16m-17y 7m 


26 22 
13.2 
4y 11m-20y 8m 
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Binet-Simon developmental test. Routine neuro- 
ophthalmological examinations were attempted but 
very often a complete examination was not possible 
because of extensive physical and mental dis- 
turbances. 


Results 


CT scans were done on 25 patients with CMD and 30 
with Duchenne dystrophy. The most characteristic 
finding in CMD was a low density area in the white 
matter, and this was present in 14 (56%) patients 
(Table 2). Ventricular dilatation also was noted in 20 
(8094) out of 25, and cortical atrophy in 16 (64%). 
In one case of CMD, asymmetry of the lateral 
ventricle was observed. In Duchenne dystrophy, 
slight ventricular dilatation and cortical atrophy were 
observed in 18 (60%) and 9 (30%) respectively, but 
in no case was there a low density area in the white 
matter. 

In CMD, half the patients had a low density area 
in the white matter in addition to cerebral atrophy, 
and only 3 (12%) showed normal CT scans (Table 
3). In Duchenne dystrophy, slight cerebral atrophy 
was observed in 20 (67%) patients, and in 10 (33%) 
there were no abnormal CT findings. Typical CT 
findings are shown in Figs | and 2. 

The relation between CT findings and IQ is shown 
in Fig. 3. In CMD, those with a low density area in 
addition to cerebral atrophy and those with cerebral 


Table2 CT findings 








CT findings CMD (n — 25) Duchenne (n 30) 





Low density area in white 





matter 14 (5655) 0 
Slight 6 
Moderate 8 
Cerebral atrophy 
Ventricular dilatation 20 (80 54) 18 (60%) 
Slight 12 18 
Moderate 8 
Cortical atrophy 16 (64%) 9 (30%) 
Slight 9 9 
Moderate 7 
Asymmetry of lateral 
ventricle 1 (4%) 0 
Normal findings 341225) 10 (33%) 
Table 3 CT findings 
CT findings CMD Duchenne 
(n 25) (n — 30) 
Low density area-- cerebral atrophy 12 (48%) 0 
Low density area 2 (8 %) 0 
Cerebral atrophy 8 (32%) 20 (67 94) 
Normal findings 3 (1274) 10 (33%) 


ae 





Fig. | 
A diffuse, low density area was observed in the white 
matter in bilateral frontal lobes which extended to the 
bilateral frontoparietal region symmetrically. Cortical 
atrophy was noted in bilateral frontal lobes, but 
ventricular dilatation was slight. 


CT scan of a 16-month-old girl with CMD. 


atrophy alone had an extremely low IQ compared 
with those with only a low density area or a normal 
CT scan. Among the patients with Duchenne 
dystrophy, there were many with a low IQ in those 
with cerebral atrophy, but in those with normal 
CT findings only 3 had a low IQ. 

The relation between CT findings and EEG in 
patients is shown in Table 4. Seizure discharges such 


Table4 Relationship between CT findings and EEG in 25 
patients with CMD and in 30 patients with Duchenne 
dystrophy 


a 


EEG findings 








Spike or Spike Normal 








CT findings Slow 

sharp wave wave 

complex 
CMD (n = 25) 
Low density area + 

cerebral atrophy 3 2 0 7 

Low density area 0 l 0 I 
Cerebral atrophy l I 3 3 
Normal findings 0 l I l 
Duchenne (n = 30) 
Cerebral atrophy 0 l 7 12 
Normal findings 0 0 5 5 
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Fig. 2 
dystrophy. There was slight enlargement of the 
interhemispheric fissure and both Sylvian fissures; the 
cerebral convexity sulci were also apparent. 


CT scan of a 20-year-old youth with Duchenne 


as spike or sharp wave complex and spike, were most 
often seen in those with a low density area in 
addition to cerebral atrophy in CMD, and among 
these patients epileptic seizures occurred in 3. Half of 
the patients with CMD had EEG abnormalities, but 
in those with Duchenne dystrophy, spike was ob- 
served in only one case and in no patient did epileptic 
seizure occur. 

Fig. 4 shows the relation between CT findings and 
the stage of disability. In CMD, those with a low 
density area in addition to cerebral atrophy showed 
severe motor disability and none could walk. Among 
25 with CMD, only one could walk and again there 
was a Jow density area seen on CT scan. In Duchenne 





80 
60 
IQ 
DQ) 
40 
20 
? Cerebral Normal 
atrophy {CT findings 
Fig. 3 Relationship between C T findings and 1Q. 


dystrophy, those with cerebral atrophy showed 
severe motor disability compared with those with 
normal CT findings. 

The relationship between CT findings and age Is 
shown in Fig. 5. In CMD, severe CT findings were 
seen in the younger age group, but in Duchenne 
dystrophy, cerebral atrophy was observed in the 
older patients. 

Fig. 6 shows the relation between CT findings, 
IQ, and age in patients with Duchenne dystrophy. 
It was interesting that in these cases the older the 
patient, the more severe were the CT findings. 

On ophthalmological examination (Table 5), a 
high incidence of myopia, weakness of the orbicularis 
oculi, lack of Bell's reflex, and blinking at rare 
intervals were seen in those with CMD. No pig- 
mentary retinal degeneration was found and 
cataracts were rare. One important finding in this 
study was bilateral optic atrophy noted in several 
cases. Three out of 21 patients with CMD were 
diagnosed as having optic nerve atrophy and 6 more 
cases were suspect. Among those with Duchenne 
dystrophy, one was suspected to have optic atrophy. 
In 3 diagnosed as having optic atrophy in CMD, all 
had a low density area in the white matter in addition 
to cerebral atrophy on CT examination. In 5 
suspected cases, a low density area was found in 2 
(40%) and cerebral atrophy in 3 (60%). One case 
of Duchenne dystrophy was clearly diagnosed as 
type I Duane's syndrome, and one case of CMD was 
suspected to be type II Duane's syndrome. In a case 
of Duchenne dystrophy, lattice degeneration of the 
equatorial retina was found. Macular degeneration 
of unknown aetiology was observed in one eye of a 
patient with Duchenne dystrophy. 


Climb stairs 
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without help 1 
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CMD ® 
Duchenne o 
Stand after sitting 3 


Walk &pem 






of disability 


Sit without help 7 
Bedridden 8 


Stage 


Low density | Low density 
area area 


Cerebral 
atrophy 


Age (years) 


Low density | Low density | Cerebral Normal 


area atrophy CT findings 


+ 
Cerebral 
atrophy 


100 A 
80 a ^ 
A 
A 
IQ 60 
A 
A 


40 


20 





| A Normal CT tindings 
å Slight cerebral atrophy 


24 6 8 10 12 14 16 18 20 
Age l years) 


Fig. 6 Correlation between CT findings, 1Q. and age 
in patients with Duchenne dystrophy. 


No abnormal 
CT findings 


Cerebral 
atrophy 





Fig. 4 Relationship between CT findings 
and stage of disability. 















Table 5 Ophthalmological findings in 25 patients with 
CMD and in 32 patients with Duchenne muscular dystrophy 


————————————YX a ————s—————F 





Findings CMD Duchenne 
0t 25) (n = 32) 
Male : female 11:14 294.3 
Average age (years) 7-9 13-6 
Ophthalmological 
Myopia 9 (36%) 5 (16%) 
Hypermetropia 0 1 (322) 
Weakness of 
orbicularis oculi 14 (5654 3 (9%) 
Epicanthus 3 (1294) 13% 
Cataracts 2 (8%) 1 (3%) 
Optic nerve atrophy, 3 (12%) | 0 ) 
diagnosis | 
established +9 (36%) 413%) 
Optic nerve atrophy, | [ 
suspected 6 (24%) J LBG J 
Macular degeneration 
of unknown 
aetiology 0 1 (3925) 
Lattice degeneration 
of retina 0 1 (394) 
Duane's syndrome 1 (4%) 13225) 
suspected 
Microphthalmos 0 LBA 
Hypoplasia iridis 1 (4%) 0 


Discussion 


The association of intellectual impairment with 
Duchenne dystrophy has long been recognised.5-? 
Several studies have shown that there is no 
correlation between IQ, age, and the duration or 
severity of the disease.?-!! The IQ range in patients 
with Duchenne dystrophy showed a normal dis- 
tribution curve with a shift to the left, and about 
one-third of those with Duchenne dystrophy had an 
IQ below 75.3? In the present study, 10 out of 30 
patients with Duchenne dystrophy had an IQ below 
75 and there was no correlation between IQ, age, and 
severity of the disease. 

In a neuropathological study, Rosman and 
Kakulas! reported abnormalities in the brain of 
patients with muscular dystrophy. Dubowitz and 
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Crome?? reported a necropsy study of 21 cases of 
Duchenne dystrophy and concluded that, with one 
exception, all the brains were normal in weight and 
most of them showed no histological abnormality. 
Refsum e! a].1* demonstrated that 5 out of 10 patients 
with dystrophia myotonica showed a progressive 
ventricular enlargement on repeated pneumo- 
encephalography. 

CT study of our patients with Duchenne dystrophy 
showed slight cerebral atrophy in 20 (67%) out of 
30 cases. These patients had severe motor disabilities 
compared with those with normal CT findings. 
Repeated CT examinations were not done, but the 
fact that the older the patient, the more severe were 
the CT findings suggests a slowly progressive cerebral 
degeneration in Duchenne dystrophy as is the case 
in dystrophia myotonica. The disorder manifests 
itself insidiously with regard both to muscular 
phenomena and cerebral degenerative changes, and 
one may assume that these changes are manifesta- 
tions of a basic metabolic disorder. 

In CMD, the most characteristic CT finding was 
the low density area in the white matter found in 14 
(56%) out of 25 patients. Cerebral atrophy was also 
seen in 20 (80%) of them. There was no correlation 
between age, CT findings, and motor disability in 
those with CMD. Moreover, the younger age group 
showed rather severe CT findings and a more 
extensive motor disability than was seen in the older 
patients. These findings suggest that damage to the 
nervous system may occur at an early vulnerable 
stage of development in patients with CMD, and 
that the pathogenesis of CMD may differ from that 
of Duchenne dystrophy. It is interesting that in all 
8 necropsy cases quoted in Japanese reports the 
muscle lesion was dystrophic, while abnormalities 
in the central nervous system were not dystrophic or 
degenerative, but rather dysplastic or dysgenetic. 
In this paper, we observed CT findings of only one 
variant of CMD. that is, the Fukuyama type. Studies 
are now in progress to compare the CT findings of 
the other variants of CMD which are not associated 
with intellectual impairment. 

A low density area in the white matter in CT scans 
is seen in various diseases; those diseases with 
degeneration affecting primarily cerebral white 
matter and multiple sclerosis? are important in 
differential diagnosis. Eiben and DiChiro!? suggested 
that early frontal lobe localisation and relative 
sparing of occipital lobes were inconsistent with a 
diagnosis of adrenoleucodystrophy. In our patients 
with CMD, the low density area was particularly 
prominent in the white matter of the frontal lobes. 
This CT finding helps to differentiate CMD from 
adrenoleucodystrophy. 


On ophthalmological examination!" weakness of 
the orbicularis oculi associated with the lack of Bell's 
reflex is often observed in CMD; blinking is rare in 
these patients. Both can be explained by the atrophy 
of the facial muscles. Subcortical cataracts and 
pigmentary retinal degeneration which have been 
observed in myotonic dystrophy were not seen in 
any of our patients. The eye symptoms in cases of 
progressive muscular dystrophy are quite different 
from those of myotonic dystrophy. Atrophy of the 
optic nerve is sometimes associated with CMD. 
These patients have a low density area in the white 
matter, in addition to cerebral atrophy on CT scan, 
and also a severe motor delay. We consider optic 
nerve atrophy to be one of the most important 
findings in CMD patients. Duane's syndrome is 
usually an expression of an autosomal dominant 
unit, while Duchenne dystrophy is sex linked. A 
combination of these two anomalies would point to 
& combination of two different genetic defects and 
would be rare. 

Our findings suggest that progressive muscular 
dystrophy is not only a muscular disorder but also 
one which affects the central nervous system. 


This paper was presented in the IVth International 
Congress on Neuromuscular Disorders, Montreal, 
Canada, September 1978. 


We thank Dr M Ohara for assistance with the 
manuscript. 
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Respiratory patterns and risk of sudden unexpected ' 


death in infancy 
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l 

SUMMARY The overnight respiratory patterns of 25 infants at high risk and 42 infants at low risk of 
sudden unexpected death were studied during the first 6 months of life. ‘Risk’ was determined using 
the birth scoring criteria of Carpenter and Emery. Recordings were made at home using a twin- 
channel radar chest movement detector which was designed to avoid the need for contact with the 
infant. The recordings were analysed for respiratory frequency, total duration of apnoea, periodic 
breathing, duration of regular breathing, and amount of body movement. The high risk group of 
infants showed respiratory frequencies that were significantly higher than those of the low risk group. 
None of the other parameters showed significant differences between the groups. These findings!do 
not support the widespread use of home apnoea monitors for infants. 


The causes of the ‘sudden infant death syndrome’ or 
‘cot death’ remain as much a subject for discussion 
as when the syndrome was defined. Many possible 
causes have been suggested and it 1s unlikely that 
there exists any single primary cause. Indeed it has 
been noted ‘that sudden unexpected deaths at home 
are a “mixed bag” ',! and the possible causes include 
respiratory infections,? and hypersensitivity to cows’ 
milk protein.? 

Considerable effort has been made to define pro- 
cedures for predicting infants at increased risk of 
sudden unexpected death (referred to as high risk 
infants in this paper) Carpenter and Emery** 
developed a scoring technique based on parameters 
available at birth (mother’s age, blood group, and 
incidence of urinary tract infection; duration of 
second stage labour; birthweight; twin; determina- 
tion to breast feed). Using these parameters a ‘high 
risk’ group could be predicted if the incidence of 
sudden unexpected death was more than 6 times that 
of the 'low risk' group—that 1s the remainder. More 
recently? the use of factors determined at one month 
of age enabled the risk group to be defined more 
precisely. It must be stressed that these scoring 
procedures refer to sudden unexpected death and not 
just to those deaths which prove ‘unexplainable’, the 
latter often being taken as true ‘cot deaths’. 

Other procedures for predicting high risk infants 
have been suggested. Steinschneider^-? found that 
certain infants showing large amounts of apnoea 
were at high risk. Southall et al? have suggested 


that the incidence of cardiac arrhythmias after birth 
might provide an indication of high risk. Harper 
et al found differences in heart rates between normal 
and high risk infants, and Hoppenbrouwers et al,” 
found differences 1n respiration rates between such 
groups. 

The work described in this paper was nindi to 
determine if any factors in the respiration pattern 
of infants are particularly associated with high risk 
infants if the scoring criteria of Carpenter and 
Emery are used.*-5 The monitoring equipment was 
specifically restricted to a system which coüld 
readily be used at home. For both this study and 
previous ones!? it was necessary to define parameters 
suitable for quantitation and to define normal 
ranges for each. | 


Method 


Subjects. Studies were made on a total of 67 infants 
selected randomly from two groups: those scoring 
as high risk and those scoring as low risk of sudden 
unexpected death.i-? 25 infants were rated as high 
risk and 42 infants as low risk. The scores were not 
revealed until after analysis of the respiration data. 

Birth details of the two groups are given in Table 1. 

All parents gave informed consent to the study. 


Monitor. A portable twin-channel microwave move- 
ment sensor was used to monitor chest wall 
movements of the infants during sleep. This monitor 
had been developed specifically because it did not 


595 


596 Franks, Watson, Brown, and Foster 


Table 1 Birth details of the two groups of infants 








Infants 
Low risk High risk 
(n m 42) (n = 25) 
Birthweight (g) 
Mean 3442 3130 
Standard deviation 409 519 
Range 2670-4900 2009-3960 
Delivery 
Normal 24 21 
Forceps 9 1 
Caesarean 5 0 
Breech 4 3 
Iniention to breast feed* 39 7 
Breast fed for at least 4 weeks 
after 5irth 26 7 
Gestational age 
<32 weeks 0 0 
32~37 weeks 3 4 
>37 weeks 39 21 





*Mother’s intention within 48 hours of birth. 


~ 


need any contact to be made with the infant. 
Recordings were made using Microlog cassette 
recorders (Oxford Instruments Ltd) and com- 
pensation for speed variation of these recorders was 
provided. The whole system was battery powered. 


Monitoring procedures. Recordings were made 
during the whole of the overnight sleep periods. 
Repeat recordings were made at approximately 
monthly intervals up to 6 months of age. A full 
set of recordings was not obtained from all infants 
and the numbers of recordings are shown in Table 2. 
Parents were encouraged to go about their normal 
feeding and handling routine while the recording was 
in progress. 


Analysis. Quantitation of the analysis factors was 
based on the whole overnight recording, excluding 
periods when the infant was being fed or when there 
was gross body movement. Analysis was carried 
out by a combination of computer techniques and 
manual categorisation from chart paper replays. 


Parameters defined. The following parameters were 
defined for quantitation purposes. These have been 
described in detail? and the reasons for their choice 
discussed. 


Overall averaged respiratory frequency 

This was calculated (by computer) from the median 
values of respiratory period (time interval between 
breaths) for all of the 3-minute epochs in the 
recording. (The use of median values for epochs 
reduces the effect on the final result of occasional 
undetected artefact or long apnoeic episodes.) 
Calculation was inhibited during periods of move- 
ment. 


Averaged respiratory frequency during regular 
breathing 

This was defined in a manner similar to the first 
parameter (above), except that analysis was only 
made during regular breathing. Since by definition 
there is little movement during regular breathing, 
this parameter should be less affected by artefact and 
hence should provide a value more suitable for 
making comparisons with other studies. 


Regular breathing 
Regular breathing was taken as any period during 
which the respiratory frequency was stable and there 


Table 2 Results of the analysis of respiratory parameters for the two groups of infants, subdivided into 5-week 





age intervals 
Parameters Risk Age 
group 0-5 weeks 6-10 weeks 11-15 weeks 16-20 weeks 21-25 weeks 
Mean Range Mean Range Mean Range Mean Range Mean Range 
Respiratory frequency (breaths/min 
Overall mm Low 38.1 28-48 32.2 22-43 29.4 23-39 27.0 21-35 258 18-33 
High 40.7 28-57 32.3 21-40  **32.7 26-40 30-7 24-39  **29.3 21-37 
During regular breathing Low 36.2 26-47 30 5 21-39 27-9 21-39 25-5 20-36 248 17-32 
High *40-4 27-56 31.0 20-40  **31.6 23-41  **29.4 22-37  **28.2 20-37 
Apnoea, total amount (secon Low 32.2 0-270 11-4 0-50 102 0-80 2-6 0-13 3.5 0-19 
° ii 19-7 0-139 9.9 0-59 110 0-58 4:4 0-19 4.6 0-17 
vement (*4 of time Low 21-2 9-39 18 7 11-34 160 10-30 15.8 8-29 10-6 5-17 
adi Vs i Hagh 24.4 11-50 17-6 16-30 15.9 9-28 133 821 126 8-23 
Period:c breathing (total number of 
cycles]b) Low 1:8  0-16-9 10 073 0-6 O41 0.1 00-9 0-1 0-0-6 
High 0.5 0-46 1-7 0-112 06 04-1 0.5 0-6-2 0.2  0-1.6 
brea % of time Low 35.9 13-51 43 1 24-57 49-6 39-65 48-0 39-57 53-1 34-66 
m da i High 38.7 17-51 422 26-55 49 0 38-66 47.8 39-64 50 6 41-60 
Number of recordings (with all factors) Low 35 50 34 26 29 
High 26 31 23 19 21 


*Difference between the two groups 1s significant at P «0.05, “difference between the two groups is significant at P «0.01, 


| 
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was little gross body movement. The chart recordings 
were scanned manually and the time spent in regular 
breathing was expressed as a percentage of the 
analysed recording time. The criteria for regular 
breathing were the same as those used previously.“ 


Apnoea 

Apnoea was defined as a respiratory period 
equivalent to at least 3 missed breaths based on the 
median respiratory period for the 3-minute epoch. 
This definition is less affected by change in average 
respiratory frequency with age than a fixed time 
definition for apnoea. Calculation was carried out 
by computer but all apnoeic incidents were verified 
manually. 


Periodic breathing 

Periodic breathing was taken as an occurrence of 
regular cyclical variations of signal amplitude (Fig. 
1). Quantitation was made in terms of the number of 
cycles of periodic breathing in the recording, 
counting only occurrences of 3 or more consecutive 
cycles when the rise and fall of respiratory signal 
amplitude was more than 50%. The chart recordings 
were scanned manually. 


Gross body movement 

The microwave sensor detects any movement within 
the beam area and so restlessness of the infant 
appears as distinctive high amplitude traces with 
gross irregularity and increased high frequency 
content. Quantitation was based on these criteria 
and was expressed as a percentage of the total 
analysed recording time. 


Results 


Respiratory frequency, percentage of regular 
breathing, and percentage of gross movement showed 
significant variation with age. Before the two groups 
of infants were compared the results were normalised 
for age variations, using linear regression, based on 
all the results obtained for both groups of infants. 
The effect of normalising also for gestational age was 
investigated but had no significant effect on com- 
parisons between the two groups. The results for the 
two groups were compared first by using all 
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Fig.1 An example of a pda stretch of periodic breathing. 
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individual recordings, and then by taking 'age 
normalised average values for all the recordings 
from a given infant. 

The results of the study for the two groups of 
infants are shown in Table 2. 


Average respiratory frequency. Fig. 2 shows how this 
parameter changes with age. The difference between 
the two groups is significant: the high risk infants 
show a higher respiratory frequency than low risk 
infants (P<0-001). This difference is similar, for 
both the overall average frequency, and the frequency 
during regular breathing only. From Fig. 2 ‘and 
Table 2 there is indication of changes with age of the 
differences between the two groups. | 
Apnoea. This factor showed a decrease with age but 
the change was not linear and the distribution of 
values was not Gaussian (Fig. 3). The two groups 
were compared using the Mann Whitney U test. 
There was no significant difference. No apnoeic 
episode of greater than 15 seconds was detected in 
any recording. | 
Perlodic breathing. This factor showed a non- 
Gaussian distribution and there was no significant 
difference between the groups. 
Regular breathing and movement. Both factors 
showed change with age. Neither showed significant 
difference between the groups (Mann Whitney U 
test or Student's ¢ test). 
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Fig.2 Change with age of respiratory frequency. The 
linear regression line and 3-2 standard deviation lines Lid 
the low risk group are also shown. 
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Fig.3 Change with age of amount of apnoea. 
Discussion 


A previous study! showed the value of contactless 
monitoring of respiratory patterns of infants during 
sleep in their own homes. Earlier work’ suggested 
that infants at risk from sudden infant death might 
be identified by demonstrating prolonged apnoeic 
spells during sleep. Hoppenbrouwers et al. studied 
respiratory patterns during sleep in the subsequent 
siblings of infants who died of sudden infant death 
and who themselves were at increased risk from 
sudden infant death syndrome. In that study apnoea 
density was lower in the study group than in control 
infants, and the duration of apnoea was shorter. 
Respiratory rates were consistently higher in the 
study group than in the control infants during all 
sleep states. In another study Hoppenbrouwers et 
al. showed that apnoea was common in the normal 
term infant, but that a sharp reduction in the amount 
of apnoea occurred between 1 week and 3 months of 
age. He concluded that apnoea exceeding 15 seconds 
is rare in infancy and suggests a clinical abnormality. 

Although the definition of apnoea used by different 
workers varies slightly, our finding that the total 
amount of apnoea is not increased in the high risk 
group agrees with the findings of the recent studies 
described above. We did not detect apnoea greater 
than 15 seconds in any recording. It is possible that 
our group of infants was too small or that longer 
periods of apnoea were masked by body movement, 
and as with all chest movement sensors the monitor 
could not distinguish upper airways obstruction or 
disorganised breathing. (We do not know of any 


respiration monitor suitable for use in homes that 
truly monitors airflow only and is not affected by 
body movement.) 

The one parameter showing significant difference 
between the two groups of infants in our study was 
respiratory frequency, which was higher in the high 
risk group. This could be because low birthweight 
was one of the parameters determining high risk, but 
this was not the only associated parameter. Res- 
piratory frequency was also in part related to the 
other parameters determining high risk. In particular, 
feed intention showed almost as significant a relation 
with respiratorv frequency as birthweight (that is 
intention to breast feed was associated with lower 
respiratory frequency). This difference in respiratory 
frequency is also consistent with the findings of 
Hoppenbrouwers et aj. 

Interpretation of the findings of our study and 
those of other workers remains difficult. It would 
seem that increased respiratory rate should be a 
factor for consideration when attempting to identify 
those infants at risk from sudden infant death. 
Thoman et alë suggested that respiratory rate and 
variability should be included, in addition to 
measurements of apnoea, in the assessment of 
respiratory characteristics that may place an infant 
at risk from sudden infant death. Salk er al.!$ 
suggested that poorly controlled central mechanisms 
for maintaining stable cardiac and respiratory 
function may result in sudden death in infancy. 

The work described here underlines the im- 
portance, when studying infants thought to be at 
risk of sudden death, of not restricting respiration 
monitoring merely to apnoea detection. We feel 
that any such studies should include an evaluation 
of variations in respiration rate, although clearly the 
clinical use of apnoea alarms is a separate issue. 

During the course of this study one infant died 
unexpectedly but was found at necropsy to have 
evidence of lower respiratory tract infection. This 
was in fact a high risk infant*. The Carpenter-Emery 
scoring procedures used in this study* refer to 
sudden unexpected death. À number of infants die 
unexpectedly and yet have evidence of organic 
disease demonstrable at necropsy examination. It is 
possible that a ‘physiological’ mechanism such as 
apnoea may be an important factor only in those 
deaths where there is no clinico-pathological ex- 
planation and a study using a scoring procedure 
which distinguished between ‘unexpected’ and 


*The frst recording (at 24 weeks) on this infant showed a 
respiratory rate more than 2 standard deviations above the 
mean for the low risk group. Subsequent recordings and all 
other factors showed no such differences. Contact with the 
baby was lost at 13 weeks for social reasons and death 
occurred at 23 weeks. 
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‘unexplainable’ might possibly give more conclusive 
results. However, there is unlikely to be a clear 
boundary. For example, Scott ef al.? suggested that 
‘although in some cases of cot death respiratory 
viruses may be responsible for severe and rapidly 
overwhelming illness', there is also the possibility 
‘that minor respiratory illness may trigger sudden 
apnoea’. 

A further important aspect arises from these 
findings: the increasing use of home apnoea monitors 
appears to be based on rather limited evidence. While 
there may be a clinical case for monitoring some 
infants, wide-scale use of apnoea monitors cannot 
yet be advocated. We zeel that a prospective large 
study of high risk infants is required including a 
proper evaluation of the effectiveness of home 
apnoea monitors. 


We thank Professor J L Emery for support, Professor 
R. D Milner and Professor M M Black for encourage- 
ment, and Mr S À Pearson and Mrs H Howlett for 
assistance. 


We are grateful for the support of the Trent Regional 
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Effect of treatment of malignant disease on growth 


in children 


N K GRIFFIN AND JANE WADSWORTH 
St Bartholomew's Hospital, London 


SUMMARY ‘The growth of 95 children with malignant disease was studied over a 3- or 4-year period, 
and compared with the growth of normal children matched for age and sex by calculation of the 
standard deviation score. The mean standard deviation score of the children with leukaemia fell in 
the first year of treatment, and thereafter showed little change, remaining below the normal. This 
effect was related to cranial and craniospinal irradiation, but not to age or duration of chemotherapy. 
The loss in eventual height attained was small and does not suggest any long-term interference with 


growth hormone production. 


In recent years it has become possible, and in- 
creasingly necessary, to study the long-term effects 
of the treatment of malignant disease in childhood! 
Short stature as a late complication of cranial 
irradiation has been described? and is associated with 
growth hormone (GH) deficiency, the degree of 
which is related both to the dose of irradiation given 
to the pituitary region, and to the length of time 
since the irradiation was given.*-? The duration of 
the radiation course also affects the degree of GH 
deficiency. 

Spinal irradiation may cause an inhibition of 
growth due to the effect of radiation on growing 
bone.* 

However, there are no published reports to 
indicate what proportion of children receiving cranial 
irradiation fail to grow normally, and to what degree 
they may be affected. In this series the heights of 95 
children were studied over a 3- or 4-year period and 
compared with the standard normal heights for age 
and sex.5 The effect of the diagnosis, radiotherapy 
field, duration of chemotherapy, age at presentation, 
and patient's sex was studied. 


Patients and methods 


The children were attending the paediatric oncology 
clinic at St Bartholomew's Hospital or The Hospital 
for Sick Children, London. Any child who had 
survived more than 3 years since the onset of his 
disease, who did not have intracerebral disease, and 
whose notes were sufficiently complete to permit 
analysis was studied, 95 children were available for 
study; their diagnoses are shown in Table 1. 


Tablel Diagnoses of 95 patients 


Dlagnosis No of patients 
Leukaemic group 

Acute lymphoblastic leukaemia 65 

Norn-Hodgkin's lymphoma 6 
Solid tumour group 

Hodgkin’s disease 13 

Rha bdomyosarcoma 4 

Ewing’s sarcoma 3 

Wilms’s tumour 3 

1 


Ganglioneuroblastoma 


Children with non-Hodgkin's lymphoma received 
treatment similar to that given for acute lympho- 
blastic leukaemia and were included in the leukaemic 
group. 

All but 9 children received megavoltage radio- 
therapy as an early part of their treatment. 66 
children in the leukaemic group had prophylactic 
treatment of the central nervous system (CNS) with 
cranial irradiation, of whom 24 also received radio- 
therapy to the whole spine. The radiotherapy 
schedules of this group are shown in Table 2. 20 
children with solid tumours received radiotherapy 
to sites that did not include the cranium. 

Children in the leukaemic group received chemo- 
therapy according to a Medical Research Council 
(UKALL I-V). or similar treatment protocol, for 
between 2 and 4 years. Six children with Hodgkin's 
disease received no chemotherapy, but all the others 
in the group with solid tumours received at least 4 
months of chemotherapy. 12 patients were treated 
for 12 months or less, and 6 patients for at least 24 
months. 
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Table 2. Radiotherapy schedules of 66 patients who 


received prophylactic central nervous system megavoltage 
irradiation 








Irradiation Dose No of Length of course No of 
(rad) fractions (deys) patients 
Cranial 2400 20 28 20* 
Spinal 1000 5 7 
Cranial 2400 20 28 4 
Spinal 1600-2400 20 28 
Crarual 2400 15 21 20 
Cranial 2400 20 28 18t 
Cranial 1500-2300 13-17 19~24 4 





*2 patients had interruptions of more than 4 days in their treatment, 
13 patients had interruptions of more than 4 days in their treatment. 


Each child had his height measured at each visit 
to the clinic. The heights at presentation, at the end 
of CNS prophylaxis when this was given, and at 
each anniversary of their presentation were compared 
with normal values for age and sex, by calculation of 
the standard deviation (SD) score from the formula 
SD-(X—x)/SD (X=mean of normal population: 
x=the measurement: SD —standard deviation).® In 
this way the results are standardised and allow 
comparison with children of different ages and sexes. 
The normal population has a mean SD score of 0 
with a standard deviation of 1-0. 

Any child who had more than one measurement 
unavailable for analysis was excluded from the study. 

Analysis of variance was used in order to assess 
simultaneously the effects of the diagnosis, treatment, 
age, and sex on the SD score. The residual standard 
error from this procedure was used in the comparison 
of mean SD score by Student's ¢ test. 


Results 


The SD scores for groups of patients were analysed 
to demonstrate differences due to diagnostic group, 
radiotherapy field, duration of chemotherapy, sex, 
and age at presentation. Only the diagnosis and the 
area irradiated were shown to have any significant 
effect on growth. 

Fig. 1 shows the mean SD score of patients 
categorised according to the diagnostic group acute 
lymphoblastic leukaemia (including non-Hodgkin’s 
lymphoma) and solid tumours, for 4 years after 
presentation. At the time of presentation neither 
group differed significantly from the normal 
population. The children with solid tumours had a 
mean height at presentation that was just below 
the mean for the normal population and it sub- 
sequently fell slightly but at no stage was it greatly 
different from the normal population. 

Patients with leukaemia had a mean height at 
presentation 0-14 SD above the mean for the normal 
population. It fell between presentation and the 
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Fig. 1 Mean standard deviation score values for — | 
heights of patients with acute lymphoblastic leukaemia 
(including non-Hodgkin's lymphoma) and solid tumours. 
Values for the leukaemic children at 1-3 years are 
significantly lower than the values at presentation 

(P « 0-001). 
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end of CNS prophylaxis by 0:13 SD, and by a further 
0-28 SD by one year after presentation when it was 
significantly different from the value at presentation 
(P 0-001) and from 0 (P «0-05). During the next 
3 years there was no significant change in the mean 
SD score for this group of patients, but it remained 
significantly different from 0 (P<002). Only 45 
patients with leukaemia and 13 with solid tumours 
were available for study 4 years after presentation. 

Fig. 2 shows the mean SD score of patients 
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Fig. 2 Mean standard deviation score values for 
heights of patients grouped according to site of | 
radiotherapy. Values for the cranial and craniospinally- | 
irradiated groups at 1—4 years are significantly lower | 
than the values at presentation (P. 0-001). 
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categorised according to the site of the radiotherapy. 
The patients were divided into groups of those who 
had received cranial irradiation only, those who had 
received craniospinal irradiation, and those who 
had received irradiation to other sites. At presenta- 
tion the mean SD score cf all groups did not differ 
significantly from 0. 

Patients receiving no radiotherapy (9 patients), or 
radiotherapy to sites outside the CNS (20 patients) 
showed no significant change in their mean SD score 
during the period of the study. 

Patients who received cranial irradiation showed a 
growth pattern similar to those who received cranio- 
spinal irradiation. There was no significant change 
in the mean SD score before the end of CNS irradia- 
tion, represented by the second point on the graphs, 
but there was a fall in the mean SD score between 
that time and one year after presentation. Thereafter 
the mean SD score showed no further significant 
change but in both groups it remained different 
from the value at presentation (P « 0-001). 

Patients who received cranial or craniospinal 
radiotherapy had a mean change in height SD score 
in the year after presentation of —0-41 (SD 0:59). 
The range of changes in SD score was wide ( —1:99 
to 1-74), which may reflect inaccuracies in some of the 
measurements. However there is no reason to believe 
that this would affect the mean values of a large 
number of children, since such inaccuracies would 
tend to cancel each other out when mean values 
were calculated. 

Fig. 3 shows the distribution of the SD scores for 
the whole leukaemic group at presentation and 3 
vears later. Each time the distribution was approxi- 
mately normal, suggesting that the failure to grow 
in the first year of treatment affected all patients 
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Fig. 3 Distribution of height standard deviation score 
values for leukaemic patients at presentation and 
3 years later. 


similarly, and that these results were not due to a 
small group showing severe growth failure. This 
suggestion was supported by examining the 
behaviour of individual patients: 58 (8894) of the 
66 patients who received cranial or craniospinal 
irradiation had a decrease in their SD score during 
the period of the study. 


Discussion 


Radiotherapy is cytotoxic not only to malignant but 
also to normal cells. The degree to which the viability 
and function of normal cells may be affected by 
radiation varies with different tissues and the age of 
the patient. It has been recognised for many years 
that irradiation of growing bones causes a local 
inhibition of growth and that high doses of ionising 
irradiation can cause growth failure. Workers in 
Manchester showed a range of endocrine dis- 
turbances in some children after therapeutic 
irradiation of the pituitary region for treatment of 
brain tumours or after CNS prophylaxis in leukaemic 
children,?-? and it was suggested that the threshold 
for impairment of GH production is a radiation dose 
to the pituitary region of 2900 rad over 3 weeks.’ 
However, the clinical importance of these observa- 
tions has remained uncertain, as the incidence and 
degree of short stature after CNS prophylaxis for 
leukaemia has not been reported. 

Ihe GH deficiency described in patients after 
cranial irradiation represents a blunting of the peak 
level achieved after insulin or Bovril provocation. 
While these findings confirm an interference with 
GH production, the GH deficiency is not always so 
profound as necessarily to cause an impairment of 
growth. 

The criterion for the diagnosis of GH deficiency is 
conventionally taken as the inability to produce a 
serum GH level >20 mU/l after adequate pro- 
vocation. However, this arbitrary level is not 
universally accepted and Frasier® suggested that 
replacement therapy was unlikely to be effective if 
the GH level rose above 14 mU/I. 

In the series of Shalet et al.? reporting GH studies 
in 15 children after cranial irradiation for leukaemia, 
a maximum GH level >14 mUJ/I was achieved in all 
but one child, and he had received 2500 rad to the 
cranium in 10 fractions over 14 days; this dose has 
a greater biological effect than that which is generally 
used for CNS prophylaxis in childhood leukaemia. 

Dacou-Voutetakis et al!9 reported that spon- 
taneous nocturnal GH secretion was impaired 
immediately after cranial irradiation in leukaemic 
children but recovered within 6-12 months. 
However, Shalet et al.* suggested that after irradia- 
tion for intracranial tumours GH response to 
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stimulation decreased with time since treatment, but 
their patients received higher doses of radiation, 
and other factors—such as raised intracranial 
pressure-—may have affected pituitary function. 

Our results demonstrate that patients receiving 
radiotherapy to the CNS may have an inhibition of 
normal growth in the period after the radiotherapy. 
The timing of the growth failure is compatible with 
the transient depression of GH levels observed by 
Dacou-Voutetakis ef al2* These effects are due to 
cranial radiotherapy, because patients who received 
radiotherapy to other sites and had systemic chemo- 
therapy grew at a normal rate; there was no 
difference in growth pattern in children who had 
different periods of chemotherapy, and the initial 
period of treatment in the leukaemic group, when 
steroid and cytotoxic dosage was highest, was not 
associated with a reduced growth rate. 

Our data suggest that most children receiving such 
treatment are affected and there is no evidence to 
suggest that a small group of children showed severe 
growth failure. It is possible that more severe growth 
failure could become manifest in long-term survivors, 
but in our study the growth rate was reduced only in 
the first year after presentation, and was normal 
thereafter. It is notable that there was no eviderce 
of ‘catch-up growth’ over a 4-year period, and it is 
unlikely that it would happen after this time. 

Although growth failure is observed in patients 
after CNS prophylaxis in leukaemia, it must be 
noted that the mean decrease in SD score for patients 
receiving cranial irradiation is less than 0:5. The 
SD of heights for 18-year-old boys is 6-65 cm and for 
16-year-old girls it is 6:0 zm. The findings described 
above therefore suggest that after prophylactic 
irradiation to the CNS in leukaemic children their 
eventual height may be decreased by 3-5 cm. 

It is recommended that the growth of children 
with leukaemie should be monitored routinely, and 
further investigations be performed on the usual 
clinical criteria if it appears that a child is consistently 
failing to grow at a normal rate. There appears to be 
no indication for routine tests of GH secretion, nor 
is there any reason to believe that GH therapy 
would be indicated or effective. 


We thank Professor R M Hardisty and Dr J: M 
Chessells, The Hospital for Sick Children, London, 
and Dr J S Malpas, Dr J Graham-Pole, and Dr M R 
Sandland, St Bartholomew's Hospital, for advice 
and permission to study their patients. 
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Gentamicin and tobramycin compared in the 
treatment of mucoid pseudomonas lung infections in 


cystic fibrosis 


A J MARTIN, CHRISTINE A SMALLEY, R H GEORGE, D E HEALING, AND 


CHARLOTTE M ANDERSON 


Institute of Child Health, University of Birmingham, and the Department of Bacteriology, Birmingham 


Children's Hospital 


SUMMARY 18 children with cystic fibrosis and mucoid pseudomonas lung infection were treated with 
courses either of gentamicin plus carbenicillin, or tobramycin plus carbenicillin, with 2 children 
each receiving two courses. 10 courses of gentamicin at a dose of 9 mg/kg per day plus carbenicillin 
at 800 mg/kg per day, and 10 courses of tobramycin at 9 mg/kg per day plus carbenicillin at 800 mg/kg 
per day were given. There was clinical and x-ray improvement in both groups of children, but there 
was no difference between the therapeutic benefit of either regimen. Pseudomonas aeruginosa was 
not cultured at the end of treatment after 15 of the 20 courses, but it returned in all but one patient 
within 3 months. Neither ototoxicity nor renal damage with these high doses of aminoglycoside was 
detected. P. aeruginosa had not been eliminated when 9 of these patients earlier had received courses 
of gentamicin in a dose of 6 mg/kg per day plus carbenicillin at 800 mg/kg per day. The results show 
that P. aeruginosa can successfully be eliminated or suppressed with high-dose aminoglycoside plus 


carbenicillin, but such elimination is usually short lived. 


Staphylococcal lung infection in cystic fibrosis (CF) 
is well recognised but in recent years Pseudomonas 
aeruginosa has been noted increasingly as a lung 
pathogen. Since 1963 Mearns! has found an 
increased isolation rate of P. aeruginosa in severely 
affected patients, and a concomitant decrease in 
Staphylococcus aureus lung infection. 

At present P. aeruginosa appears to be the most 
common pathogen isolated from the respiratory 
tract of patients with CF.* The frequency of its 
isolation has varied between centres, with Wood 
et al.’ reporting a figure of 70-8027, Mearns et al.* 
giving a figure of 28 7, while McCrae et al.5 gave a 
figure of only 1894. The experience of the CF clinic 
ət Birmingham Children’s Hospital is that about 
48°” of patients have P. aeruginosa repeatedly 
cultured from their sputum or cough swabs, and in 
about 20% a mucoid P. aeruginosa is present. The 
transition of pseudomonas to the mucoid form 
has been associated with increased severity of lung 
disease.? It is now believed by many workers that 
mucoid organisms are more pathogenic than non- 
mucoid forms and consequently many therapeutic 
regimens using inhaled or parenteral antibiotics have 
been devised for the treatment of this organism." 


Recently the aminoglycoside antibiotic tobramycin 
has been used in the treatment of P. aeruginosa in 
CF by four groups of workers? 12-14 but in none of 
these studies was there a comparative trial with other 
antibiotics. We report here a trial comparing 
tobramycin with gentamicin; each was given 
intravenously with carbenicillin. 


Methods 


Children attending our clinic were chosen for 
treatment. Each child had increased sweat electro- 
lyte levels and characteristic gastrointestinal and 
pulmonary disease. 18 children (representing ap- 
proximately one-sixth of all clinic patients) whose 
condition was considered to be deteriorating with 
mucoid P. aeruginosa infection despite outpatient 
treatment were studied. Deterioration was manifested 
by general ill health, weight loss, decreasing exercise 
tolerance, increased cough, and increasing volumes 
of purulent sputum. The pauents were allocated 
alternately into one of two groups and received 
either tobramycin plus carbenicillin or gentamicin 
plus carbenicillin. Patients with organisms resistant 
to carbenicillin weze excluded. 


604 


! 
i 
| 
| 


x $ | 
Gentamicin and tobramycin compared in the treatment of lung infections in cystic fibrosis 605 
| 


14 patients were treated for 14 days, 2 patients for 
13 days (1 from each group), and 2 patients for 11 
days (both gentamicin group). Either gentamicin or 
tobramycin was given intravenously as an 8-hourly 
bolus dose via an indwelling intravenous cannula. 
The starting dose of both antibiotics was 9 mg/kg per 
day in 3 divided doses. Blood levels of the amino- 
glycoside antibiotic were measured on days 1, 4, 
and 8, and any adjustment to dosage was carried 
out on the basis of these results. Blood was taken 
immediately before and 10 minutes after an intra- 
venous bolus injection. Carbenicillin was given to 
each patient in a dose of 800 mg/kg per day in 
divided 6-hourly doses by intravenous infusion, and 
probenecid was used routinely. Colomycin by 
inhalation was given in all instances, in a dose of 
125 000 units to children up to age of 5 years, 250 000 
units to children from 5 to 12 years, and 500 000 
units to children over 12 years. Vigorous physio- 
therapy was given 3 times a day to all patients. 

The clinical state of each patient was assessed 
initially and throughout the treatment period using 
our own scoring system." General health, cough, 
amount of sputum, quality of sputum, and dyspnoea 
were the five parameters examined and each was 
scored numerically and summated to give an overall 
value. X-rays of the chest were made before and after 
treatment and the films were assessed by the scoring 
method of Chrispin and Norman!? modified because 
latera] chest x-rays were not always available. Blood 
urea was measured and audiometry carried out on 
each patient before and after treatment. 

The minimum inhibitory concentrations (MIC) of 
gentamicin, tobramycin, and carbenicillin were 
determined on pretreatment isolates of mucoid P. 
aeruginosa and the first post-treatment isolate by an 
agar dilution method using DST agar (Oxoid) with 
an inoculum of 10° colony-forming units. Each 
day all the sputum expectorated was collected for 
volume measurement, culture, and determination of 


* Details of our clinical scoring system are available from 
authors. 


antibiotic levels by a plate diffusion method using 
Bacillus subtilis var globigii incorporated into anti- 
biotic assay medium No 5 (Difco) with added beta 
lactamase (Whatman) to destroy carbenicillin. 
Standards were prepared in 0-01 mmol/l phosphate 
buffer pH 7:8. Antibiotic levels in blood were 
determined similarly using Klebsiella Southmead 
incorporated in DST agar (Oxoid) with standards 
prepared in serum. 

Bacteriocine typing was carried out on the isolates 
of mucoid P. aeruginosa at the start of treatment 
and on subsequent isolates after treatment using 
bacteriocine extracts produced by the methods of 
Williams and Govan.!? 

Each patient was reviewed regularly after treat- 
ment, and an attempt was made to evaluate the 
duration of any improvement beyond the immediate 
post-treatment period by examining the time taken 
for sputum volume to return to pretreatment level. 
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Results | 


These are summarised in Tables 1-3. In Table 1 the 
two groups of patients are compared before, during, 
and after treatment. There was no difference in age 
in the two groups, which ranged from 3 years 10 
months to 11 years 7 months. Both groups had 
clinical and x-ray scores that were similar before 
starting treatment. 

Equality of treatment was assessed by peak serum 
levels of antibiotic which were found to be similar 
in both groups. Although the initial dosage was 
governed by the protocol, in 1 patient (in the 
tobramycin group) the dose had to be reduced, and 
in 2 patients (in the gentamicin group) the dose had 
to be increased in the light of serum levels. 

After treatment there was a similar highly 
significant improvement in clinical (P<0 001) and 
x-ray (P «:0-001) scores in the two groups, using the 
t test for grouped data. One child in the tobramycin 
group, who had a very poor clinical score, died during 
treatment. Statistical analyses were made with and 


Table 1 Comparison of the two treatment groups before, during, and after treatment 








Gentamicin+ carbenicillin Tobramycin 4- carbenicillin Statistical comparison 
(mn == 10) (n = 10) (t tests for ungrouped data) 
Range Mean SD Range Mean SD 
Before treatment 
Clinical scores 3-20 1884 354 7-20 134 54 P>01 NS 
Modified x-ray scores 8-23 13 94- 12-26 16 4+ 41 P>09 NS 
During treatment , 
Peak blood drug levels (ug/ml) 5 B-16 11-2+ 27 2 7-18 10 44- 3.4 P>03 NS 
After treatment 
Clinical scores 22-28 2534 18 17-28 21 7+ 80 P>02 NS 
Modified x-ray score | 520 11-84- 52 7-19 115+ 40 P>09 NS 
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Table 2 Relationship of tobramycin level in sputum 
to sensitivity of organism and bacteriological outcome 


Patíents 








5. 6 7 8 9 4 





MIC of tobramycin 


(mg/1)* 0505 05 1005 05 05 05 05 05 
Highest sputum 

level (mg/l) 0406 16130924 13 — — — 
Pseudomonas 

suppressed Yes Died Yes No No Yes Yes Yes Yes Yes 


*Minimum inhibitory concentration (MIC) of tobramycin to patient's 
pretreatment isolate of mucoid P. aeruginosa. 


Table 3 Relationship of gentamicin level in sputum to 
sensitivity of organism and bacteriological outcome 





Patients 
1 2 3 4 5 6 7 8 9 JO 


MIC of gentamicin 


(mg/1)* 2 4 2 2 2 1 2 OL 1 
Highest sputum 

level (mg/l) 0216 06 06 06 1507 [1 04 — 
Pseudomonas 

suppressed Yes No Yes Yes Yes Yes No Yes Yes Yes 





*MIC of gentamicin to patient's pretreatment isolate of mucoid P. 
aeruginosa. 


without this child, with little difference in the results. 
The analyses given include this child. 

In vitro studies showed gentamicin to be 2- to 
4-fold less active against isolates of mucoid P. 
aeruginosa than tobramycin. The MIC to tobramycin 
ranged from 0-5 to 1 mg/l (Table 2) and from 0-5 to 
2 mg/l for gentamicin (Table 3). These tables also 
show the lack of correlation between the sputum 
level and bacteriological response. P. aeruginosa was 
not eliminated in 4 patients at the end of treatment 
(2 in each group); in 6 patients (3 in each group) it 
was eliminated for one month, and in 4 patients 
(3 in the gentamicin group) it was eliminated for 2 
months after treatment. In 4 patients (one in the 
gentamicin group) the sputum was free of P. 
aeruginosa for 3 months, and in one patient in the 
gentamicin group for 15 months. Four patients were 
recolonised by different bacteriocine types (2 in 
each group). The duration of freedom from pseudo- 
monas after treatment did not correlate with age of 
the patient, clinical score, or the total duration of 
infection with the organism before treatment. 
Sputum volume took 3 to 4 months to return to 
pretreatment levels in either group. 

In no patient was there evidence of ototoxicity or 
renal damage as judged by audiometry and blood 
urea measurements before and after treatment. 
Subsequent audiograms at periods up to 2 years 
have not shown delayed ototoxicity. 


Discussion 


This study shows that despite a 2- to 4-fold greater 
activity of tobramycin in vitro compared with 
gentamicin, CF patients with mucoid P. aeruginosa 
lung infections responded equally well to either 
antibiotic if combined with carbenicillin. Both 
groups of patients improved significantly as judged 
by clinical and x-ray assessment. Bacteriological 
response did not correlate with sputum level of 
antibiotic but it should be noted that peak levels 
were not determined, as assays were performed on 
24-hour collections of sputum. 

Bacteriocine typing would suggest true elimination 
of P. aeruginosa in the 4 patients recolonised by 
different bacteriocine types. In patients in whom P. 
aeruginosa was eliminated but returned as the same 
bacteriocine type, it 1s difficult to know if this re- 
presents complete eradication with subsequent 
reinfection or was merely suppression. However 
before the trial 9 of the patients had received 17 
courses of intravenous gentamicin at a dosage of 6 
mg/kg per day in combination with carbenicillin at 
800 mg/kg per day. In each case mucoid P. aeruginosa 
had still persisted in the sputum at the end of the 2- 
week course. However, when the higher dose of 9 mg/ 
kg per day combined with carbenicillin was used in 
the same patients, 8 out of 11 courses rendered them 
P. aeruginosa-free at the end of treatment. One 
patient had received 5 courses of gentamicin and 
carbenicillin previously at the lower gentamicin dose 
without the organisms being eliminated but sub- 
sequently received a course of gentamicin and 
carbenicillin and another course of tobramycin and 
carbenicillin, both at 9 mg/kg per day, with negative 
sputum cultures at the end of each treatment. 

Govan!’ pointed out that carbenicillin may 
stabilise the mucoid form of P. aeruginosa. It is not 
known whether this is important, but in our ex- 
perience the aminoglycoside antibiotics are more 
effective against mucoid strains when they are used 
in combination with carbenicillin. If gentamicin or 
tobramycin is given in a dose of 9 mg/kg per day 
without carbenicillin there is good initial clinical 
improvement but it is not sustained, and only a few 
patients are free of mucoid P. aeruginosa in their 
sputum at the end of treatment. Those patients in 
whom the organisms are not found after treatment 
are subsequently all recolonised by the same bacterio- 
cine types, suggesting that true elimination may not 
have occurred. 

Mearns ef al.* and Hoiby!® pointed out that P. 
aeruginosa in the mucoid form follows chronic P. 
aeruginosa infection in a nonmucoid form and 
appears in the more severely affected patients. 
Whether this organism is responsible for the 
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deterioration. of lung function or whether it 
represents an opportunistic pathogen in an already 
severely damaged lung is unknown. The treatments 
given have produced both radiological and clinical 
improvement, with bacteriological suppression for 
short periods 1n three-quarters of our cases. 

We can speculate whether long-term benefit from 
repeated intravenous courses of these antibiotics in 
high doses may slow the rate of deterioration of lung 
function. We note that it took 3 to 4 months for 
sputum levels to return to pretreatment volumes and 
this supports the view that regular treatment every 
3 to 4 months in patients with mucoid pseudomonas 
infections would slow the deterioration of lung 
disease. We currently consider that the evidence in 
favour of regular treatment is not sufficiently con- 
vincing to warrant its implementation if the patient 
otherwise feels well. It remains our policy to use 
intravenous antibiotics if there is evidence of 
clinical deterioration with mucoid P. aeruginosa 
infection. Using this criterion, children with such 
infection will receive a course of intravenous 
antibiotics, on average, about once a year, and this 
is acceptable both to patients and parents. 
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Egg and cows’ milk allergy in children 


R P K FORD AND D M FERGUSSON 
Departmen: of Paediatrics, Christchurch Clinical School of Medicine, Christchurch Hospital, New Zealand 


SUMMARY The relationships between a history of egg or cows' milk allergy, positive skin tests to 
these allergens, and atopic illness were examined in a sample of 126 children. Positive skin tests were 
found more often in children with a history of egg or cows' milk allergy than in children with no such 
history. 40 children suspected of being allergic to egg or milk, by history or by positive skin tests, 
were tested by double-blind food challenge. 54 challenges were given to these children, and 26 (49%) 
were positive. Children suspected of being allergic to egg had a greater incidence of positive challenges 
than children suspected of having milk allergy. Children with both a present history of food allergy 
and a positive skin test for that allergen were more likely to have positive challenges than children 
having only one of these indicators. Most children with positive challenges failed to satisfy Goldman's 
criterion of a minimum of three positive challenges because of the severity of their reactions. Less 
stringent criteria are needed for the diagnosis of food allergy in children who are particularly 


sensitive to food allergens. 


The diagnosis of food allergy is a contentious issue. 
Various studies have shown that a patient's history of 
food allergy or even open food challenges may be 
misleading since his conditioned psychological 
response may confuse his physiological response.t—* 
It has been suggested that accurate detection of the 
condition requires the use of double-blind methods,? 
but results of only three such studies have been 
published.!-* 

This paper examines two issues relating to the 
diagnosis of food allergy: firstly, the relationship 
between previous history of alleged food allergy, 
atopic illness, and reactions to skin tests; secondly, 
the incidence of positive food challenges among 
children suspected of being allergic on the basis of a 
present history or a positive skin test. 


Materials and methods 


Sample. The sample comprised 126 children. 44 were 
children with suspected food allergy and 82 were an 
unselected control group of outpatients or con- 
valescing inpatients. Ages ranged from 3 months to 
12 years, with a median age of 3 years. 


Measurements. The study was conducted in two 
stages. Initial, mothers of all children were 
interviewed on a structured questionnaire which 
examined the child's history of adverse reactions to 
eggs and cows' milk, history of asthma, and history 
of eczema. Each child was tested with skin pricks 
using whole hen's egg and whole cows' milk aller- 


gens (Bencard testing solutions 5201 and 5202) and a 
control solution. Weal size was measured with a 
Bencard skin testing gauge. 53 children had either a 
present history of egg or cows’ mulk allergy, or 
showed a positive skin test. This group was selected 
for double-blind food challenge. 


Method of challenge 

There were three challenge foods: placebo, egg, and 
milk, The base of the challenge foods consisted of 
50 ml ProSobee liquid (Mead Johnson) to which 
flavouring had been added. This was made up to 
100 ml with water for placebo, half a hen's egg and 
water for egg, and reconstituted skim cows' milk 
powder for milk. 6 g lactose was added to the placebo 
and egg drinks to control for lactose intolerance. 

For a week before the challenge, and throughout 
it, each child remained on a diet free of any foods 
suspected of causing allergic reactions. 

The child was first given a single-blind challenge 
with either egg or milk as appropriate, the dose 
being slowly increased until symptoms developed or 
the whole drink had been taken. The child remained 
under observation for several hours and if serious 
symptoms were observed, the trial was stopped. 
Children who continued the trial were tested for a 
10-day period. Each day each child was given a 
flavoured soya bean drink by his mother. On 8 days 
the drink was a placebo and on 2 days it contained 
either milk or egg. For each day of the trial the 
mother kept a precoded diary describing symptoms 
displayed by the child (rash, vomiting, diarrhoea, 
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abdominal pain, wheezing), any other symptoms, 
the time the drink was taken, the amount ingested, 
and whether there were any dietary infringements. 

Owing to lack of patient compliance, only 40 of 
the 53 eligible children were tested. 27 were tested 
with egg, and 27 with milk, 14 children being tested 
with both. 


Definitions 

(1) A skin prick test was considered positive if the 
weal diameter was at least 3 mm greater than the 
control weal.* 

(2) A food challenge was considered positive if one 
of the following was satisfied: (a) If, on the single- 
blind challenge, the child displaved such severe 
symptoms (that is, laryngeal oedema, angioedema, 
protracted vomiting) that it was deemed dangerous 
to continue the trial. Three milk challenges and 7 
egg challenges produced reactions of this severity. 
(b) If, during the double-blind challenge, the child 
showed such severe symptoms (that is, vomiting, 
choking, angioedema) as to make it unwise to 
continue the challenge. Four milk and 7 egg 
challenges were stopped for this reason. (c) If, on the 
completion of the double-blind challenge, the child 
showed at least 2 symptoms (that is, skin rash, 
angioedema, choking, coughing, vomiting, 
abdominal pain, diarrhoea, wheezing) on active days 
over and above the symptoms shown on the 3 
placebo days (taken as the second day after the 
active days). 

This method of classification was not based on 
strict double-blind criteria as not all children 
completed the double-blind chailenge trial. However, 
the clinical symptoms that forced the trial to be 
stopped in each case were related to the food 
allergen and occurred within 3 hours of its 
administration. 


Results 


Relationship between skin tests and previous history of 
food allergy. Table 1 shows the proportions of 
children with positive skin tests to the allergens, 
cross-tabulated by the child’s previous history of 
alleged food allergy, asthma, and eczema. The 
likelihood of a positive skin test varied with previous 
history of food allergy and with the child’s propensity 
to atopic illness. Specifically, children with a positive 
history of egg allergy had 5 times the rate of positive 
skin tests to egg as children without such a history. 
Children with a previous history of milk allergy had 
approximately 4 times the rate of positive tests to 
milk as children with no such history. Children with 
a history of asthma or eczema had an increased rate 
of positive skin tests to both allergens. This was 
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Table 1 Incidence of positive skin tests by child's, 
history 





Measure No of Positive 
cases 
Egg shin test Milk skin test 
(%) CQ 
History of egg allergy i 
Yes 36 61 28 
No 90 12 12 
Wok 
History of milk allergy | 
Yes 38 50 37 
No 88 16 8 f 
ex k4 l 
History of asthma 
Yes 47 40 28 
No 79 18 10 
* » i 
History of eczema 
Yes 50 52 24 | 
No 76 9 12 
= 


*Denotes significant difference at 0-05 level (x? test). 
significant difference at 0-001 level (x2 test). 


particularly evident for children with eczema, who 
had 5 times the rate of positive egg skin tests 
compared with children without eczema. 

As it was possible that the associations between 
previous history of food allergy and skin test results 
were artificial owing to the common effects'of both 
asthma and eczema, these associations were con- 
trolled statistically using partial correlation methods. 
This analysis showed that the previous history of 
food allergy remained related to skin tests. The 
correlation between previous history of egg allergy 
and a positive egg skin test was +0-50 (P<0-001) 
and when effects of asthma and eczema were taken 
into account this correlation fell to: +0-32 
(P«0-001) For cows’ milk, the corresponding 
correlation between previous history and a. positive 
skin test was --0:36 (P<0-00]), being reduced to 
--0-34 (P<0-001). 


Results of food challenge. Table 2 gives the propor- 
tions of children with positive egg and milk 
challenges. For each allergen this proportion is 
cross-tabulated by the number of positive indicators 
of food allergy that the child had at the beginning of 
the trial (history or positive skin test, or both). 26 
(49 52) of the 54 challenges were positive. However, 
the likelihood of a positive challenge varied with the 
type of allergen and the number of positive indicators. 
63% of egg challenges were positive. This varied 
from 42% for children with only one! positive 
indicator at the beginning of the trial, to 80° for 
chidren having two positive indicators. The 
difference between the two groups is significant 
(P «0-05). Only 3375 of milk challenges were positive 
but there was some variation in the risk of a positive 
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Table 2a Egg challenge results 








Indicators No of Posittve 
cases 
No VA 
Ether a positive history or a 
positive skin test for egg 12 5 42 
Both a positive history and a 
positive skin test for egg 15 12 80 
Total 27 17 63 
Fisher’s exact test P «0-05. 
Table 2b Cows’ milk challenge results 
Indicators No of Positive 
Cases 
No vA 
Either a positive history or à 
positive skin test for milk 19 5 26 
Both a positive history and a 
positive skin test for milk 8 4 50 
Total 27 9 33 





Fisher’s exact test P> 0-05. 


challenge: children with two positive indicators had a 
50% chance of returning a positive challenge, in 
contrast to the 26 7; chance for children with only one 
positive indicator. With these small numbers this 
difference is not statistically significant. 


Discussion 


The results showed that there were significant 
associations between a previous history of egg or 
cows' milk allergy and positive skin prick tests to 
egg and milk. Children with a previous history of 
food allergy more often showed positive skin tests 
than control children. There was also a relationship 
between previous history of atopic illness and skin 
tests: children with asthma or eczema showed 
positive skin tests more often than nonatopic 
children. However, the correlation between the 
history of food allergy and skin tests could not be 
explained by the common effects of atopic disease, 
since when the effects of asthma and eczema were 
controlled the correlations remained significant. 
Food challenge of children with either a history of 
alleged food allergy or a positive skin test to egg or 
milk showed that a substantial proportion were 
allergic to egg or milk or both. Just under half the 
number of challenges were positive. The likelihood of 
a positive challenge varied with the allergen tested 
and with the child’s clinical indicators at the 
beginning of the trial. Children suspected of being 
allergic to egg returned a far greater proportion of 
positive challenges than children suspected of being 
allergic to milk: nearly two-thirds of egg challenges 


were positive compared with only one-third of milk 
challenges. Over 80% of children who had both a 
present history of alleged egg allergy and a positive 
egg skin test returned a positive challenge. In 
contrast, 42% of those with only one of these 
indicators returned a positive challenge. Similar but 
nonsignificant differences were observed with the 
milk challenges. The findings suggest that previous 
history of allergic response and positive skin tests are 
prognostic of food allergy. The risk of a child being 
allergic given one or more of these indicators ranges 
from 26% for children with one indicator of milk 
allergy, to 8024 for children with two indicators of 
egg allergy. 

Finall, the results show the need to develop 
realistic criteria for assessing the effects of food 
challenge. Goldman ef ail have suggested that a 
minimum of three positive challenges are required to 
substantiate a diagnosis. In this study these criteria 
were unworkable as they could be met by only 5 of 
the 26 children with a positive challenge. In the 
remaining 21 children reactions were of such severity 
as to demand the termination of the trial before all 
three challenges were given. 
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Effect of early oral calcium supplementation on 
serum calcium and immunoreactive calcitonin 
concentration in preterm infants 


L SANN, L DAVID, J A CHAYVIALLE, Y LASNE, AND M BETHENOD 
Department of Neonatology and INSERM U 34, Hópital Debrousse, Lyon, France | 


i 
SUMMARY Oral calcium supplements (80 mg/kg per 24 h) were given to 23 preterm infants, and the 
course of serum calcium, magnesium, immunoreactive calcitonin, and gastrin was compared with a 
control group of 23 matched infants. In the supplemented group, serum calcium concentrations 
remained at the baseline level (2:31 mmol/l + 0-18 SD) while a fall (from 2-27 + 0-18 to 1-91 + 
0-24 mmol/l) was observed at 12-16 hours of age in the control group, with 4 values <1-75 mmol/l. 
There was no change in serum magnesium concentration in either group. The postnatal rise of serum 
immunoreactive calcitonin concentrations in the control group (from 171 +. 13510493 +273 pg/ml 
at 12-48 hours of age) was not found in the supplemented group. There was a negative correlation 
between serum calcium and immunoreactive calcitonin levels in the control group, but not in the 
supplemented group. There was no correlation between serum immunoreactive calcitonin and 
gastrin concentrations. These data show that oral calcium supplementation can prevent) early 
neonatal hypocalcaemia, and suggest that this effect is achieved at least in part through a reduction of 


the postnatal rise of serum immunoreactive calcitonin. 


After birth there is a fall in serum calcium (Ca)** 
and a rise in serum immunoreactive calcitonin (iCT) 
levels.?7? Preterm infants are particularly at risk 
from early hypocalcaemia.l7? 8 In order to com- 
pensate for the interruption of the large maternal 
supply,? early supplements of oral calcium were 
given to preterm neonates. Its effect on serum 
Ca, magnesium (Mg), iCT, and immunoreactive 
gastrin (iGT) concentrations was compared with a 
control group. Our aim was to find out whether 
hypocalcaemia can be prevented in preterm neonates, 
and if it can, how early. 


Patients and methods 


Subjects. The study was carried out between February 
and September 1977 on 46 preterm infants. The 
study was approved by the ethical committee of the 
hospital. 

Gestational age was assessed by the score of 
Dubowitz et a]? Birthweight was between the 25th 
and 75th centiles.* Any infant with an Apgar score 
<7 at one minute was excluded. On admission to the 
unit (between 2 and 8 hours of age) each infant was 
placed randomly in one of two groups: a group of 23 
infants supplemented with calcium (80 mg/kg per 24 


H 


hours for 5 days) or a group of 23 control infants. 
The calcium was given as 10% calcium gluconate in 
water (osmolality: 297 mosmol/kg H,O), divided 
into between 6 and 8 doses a day and added to milk 
feeds. i 

Feeds were started at age 6-9 hours, either with 
breast milk collected from a milk bank (13 infants in 
the supplemented group and 10 infants in the control 
group) or by a ‘humanised’ formula. Mean calcium 
concentration was 24-5 mg/100 ml for breast! milk 
and 57 mg/100 ml for the formula; mean Ca/P ratio 
was 1:9 for breast milk and 1-6 for the formula: 


Measurements. For serum Ca and Mg determinations 
blood was collected at regular intervals by heel prick 
before feeds: 2-8, 12-16, 18-24, 44-52, 62-76, and 
92-100 hours of age. Serum Ca and Mg were 
measured by atomic absorption (LL 343). | 
For serum iCT and iGT determinations, again 
blood samples were collected in microtubes by 'heel 
prick at admission (that is, 2-8 hours of age) and 
then at ages 12-16, or 18-24 hours. Blood collections 
were performed sequentially in 11 infants of the 
supplemented group and 13 of tne control group. 
After centrifugation at 49C sera were stored at 
—289C. Samples were analysed in the same order to 
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avoid interassay variation. Serum iCT was measured 
by the method of Tashjian,? and David et al.,6 the 
lower limit for the assay being 150 pg/ml, with serum 
iCT undetectable in normal children and adults. For 
practical reasons, levels of serum iCT «150 pg/ml 
were given a value of 75 when calculating the mean. 
Serum iGT was measured according to the technique 
of Ganguli and Hunter,!? and Sann ef al., with a 
sensitivity of 15 pg/ml. 

Basal levels of serum Ca were analysed by 
Student's t test and the levels of serum iCT by y? test. 
The postnatal course of serum Ca and iGT and iCT 
were analysed by paired ¢ tests. 


Results 


Clinical data. The main clinical data are shown in 
Table 1. There was no difference in gestational age, 
birthweight, or the volume of milk intake between 
the two groups. 


Tolerance of calcium supplementation. The daily 
number (mean + 1 SD) of regurgitations was 
1-6 + 0-48 in the control group and 2:0 + 0-44 in 
the supplemented group. The daily number of stools 
was 4:39 + 0-26 in the control group and 5-65 + 
0-25 in the supplemented group. The maximum loss 
of weight since birth was 153 -+ 20 g in the control 
group and 147 + 21 g in the supplemented group. 
None of these differences between the two groups 
was significant. The later development of all infants 
was normal. 


Postnatal course of serum Ca and Mg. This is shown 
on Fig. 1. The baseline Ca levels were similar in both 
groups. In the control group there was a decrease 
from (mean + 1 SD) 2-27 + 0-18 to 1:91 + 0:24 
mmol/l at age 12-16 hours (P-0-001). However, 
there was only a minor and nonsignificant decrease 
in the supplemented group, from 2-31 + 0:18 to 
2:29 +. 0-14 mmol/l. Serum Ca remained signifi- 
cantly lower in the control group than in the 
supplemented group until 92-100 hours of life. The 


Table1 Clinical data 
Calcium supplemented Control 


(n=23) (n=23) 
Gestational age 35-0 + 0 35* 34.6 + 0-44 
weeks) (32-37) (32-37) 
Birthweight (g) 1992 + 72 1965 +70 > 
(1400-2450) (1510-2650 
Daily milk intake 
(ml/kg) 
Days 1 to 5 46 3-2 5 — 109 £251 £54112 +3 
Daily calcium intake 
(mg/kg) 
Days 1 to 5 86 + 3 -+ 122 45 194+3-+45 +4 


*Mean 4 SD, ranges in parentheses, 
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Fig. 1 Postnatal course of serum calcium concentration 
(mean + SEM). 


incidence of hypocalcaemia (that is serum Ca 
«1:75 mmol/l) was 4 of 23 in the control group and 
none of 23 in the supplemented group. In the 
supplemented group 2 infants exhibited hyper- 
calcaemia on one occasion, 2:92 and 2-82 mmol/l. 
All other values were «2:75 mmol/l. 24 hours after 
stopping calcium supplementation, serum Ca levels 
(2-39 + 0-16 mmol/l) were not significantly 
different from those of the previous day, 2:32 +. 0-18 
mmol/l. 

Serum Mg was similar in both groups for the 
baseline levels, 0-84 +. 0-07 mmol/l. No significant 
difference was observed at 12-24 hours (0-82 + 0-01 
in the supplemented group v. 0:81 -+ 0:07 mmol/lin 
the control group) or later. 


Postnatal course of serum İCT and iGT concentrations. 
The baseline levels for iCT (Fig. 2) (mean + 1 SD) 
were similar in the control group (161 + 125 pg/ml) 
and the supplemented group (186 +- 155 pg/ml) 
(y? 0-621, NS). At 12 to 16 hours there was only one 
undetectable value in the control group, the detect- 
able values being 553 + 232 pg/ml; in the supple- 
mented group there was also one undetectable value, 
the detectable values being 254 -+ 67 pg/ml. The 
difference between the two groups was highly 
significant P «0-001. At age 18 to 24 hours, there 
was still only one undetectable value in each group: 
the detectable values were 505 + 282 pg/ml in the 
control group and 372 + 145 pg/ml in the supple- 
mented group. Despite the higher level of the mean 
concentration in the control group, the difference 
was not significant. The course of individual serum 
iCT concentrations is shown in Fig. 3. In the control 
group, serum iCT levels increased from 171 + 135 to 
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493 + 273 pg/ml at 12 to 24 hours of age (paired t 
test, P<0-01); in the supplemented group, there was 
a slight but nonsignificant increase from 188 4-144 to 
303 + 164 pg/ml. Between 12 and 24 hours, there 
was no significant difference in iCT levels when the 
infants were fed breast milk or formula. | 

The course of serum iGT is shown on Table 2. 
Baseline levels were similar in the control group and 
the supplemented group. Ín the control group there 
was an increase at 12-16 and at 18-24 hours 
(P «0-05). In the supplemented group however, the 
values at 12-16 and at 18-24 hours were not signifi- 
cantly different from the baseline levels or from the 
values in the control group. 


Correlation analysis. At the nadir of " Ca 
concentrations in the control group, there was a 
highly significant negative correlation ‘between 
serum Ca and iCT concentrations (r = --0-849; 
P 0-001). In the supplemented group, no, ! correla- 
tion was observed between serum Ca and iCT 
concentration at any time. There was no correlation 
between serum iCT and iGT levels or between serum 
Ca and iGT concentrations in either group. | 


Table 2 Course of mean (+ 1 SD) serum immuno- 
reactive gastrin levels (pg/ml) ; 





Postnatal age (hours) Supplemented group Control group 
2-8 60 + 28 63 + 20 ' 
12-16 93 + 55 124 + 74* 
18-24 84 +: 31 132 + 87* 


*Significant (P<0 05) difference from the baseline level, 
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Discussion 


During the transition from fetal to neonatal life, the 
preterm infant is removed from an environment 
where he received a net transplacental influx of 130 
to 150 mg/kg per 24 hours of calcium.® This removal 
results in a rapid fall in serum Ca which sometimes 
leads to hypocalcaemic convulsions.*-? 8 These data 
show that when these infants are supplemented with 
a large amount of calcium, the early fall in serum Ca 
can be prevented. This confirms the preliminary 
report of Brown et al. Recently, Moya and 
Doménech!? also described the prevention of early 
neonatal hypocalcaemia with a formula supple- 
mented with calcium. They suggested that the 
preterm neonate, like the fetus, is dependent on a 
large supply of calcium in order to maintain a 
normal serum Ca. Our data also suggest that such 
large supplies of calcium can be achieved by the oral 
route; this is in agreement with the results of Sutton 
et all? who showed that calcium given as a food 
supplement is almost completely absorbed by 
preterm infants. 

Oral calcium supplements were well tolerated. 
Although there was a tendency for these infants to 
have a greater frequency of bowel movements than 
the control group, the difference was not significant. 
This is in contrast with the results of Brown et al 
and attributable to the use of pure calcium gluconate 
instead of gluconate in syrup. Willis ef 2/19? recorded 
an increased incidence of necrotising enterocolitis in 
preterm infants with oral calcium supplements, but 
not if the calcium was given mixed with food. The 
only serious side effect in our study was the 
occurrence of transient hypercalcaemia in 2 of the 
supplemented infants, which disappeared when the 
supplements were stopped. Thus we favour oral 
caleium supplementation to prevent early hypo- 
calcaemia in preterm neonates, provided that 
calcium is mixed with the foods and that serum Ca 
levels are regularly monitored. 

Our results from the control group confirm 
previous work showing that hypercalcitonaemia 
participates in the occurrence of early hypocalcaemia. 
By contrast, the postnatal rise in serum iCT was 
limited in the supplemented group, and there was no 
correlation between serum Ca and iCT concentra- 
tions. It is unlikely that phosphorous or parathyroid 
hormone is involved since Brown ef al.” found no 
effect of oral calcium on serum levels; nor was there 
any change in plasma 25-hydroxycholecalciferol 
levels. The fall in serum iCT levels may therefore be 
attributed to calcium gluconate administration. 

The effect of calcium gluconate was surprising, 
since in adults intravenous or oral administration of 
calcium gluconate stimulates the secretion of 


calcitonin.-9? In baby rats, Cooper et al.3* observed 
a rise in serum iCT in response to postprandial 
hypercalcaemia. However, in human preterm 
neonates Salle eż al. could detect no change in the 
postnatal rise of serum iCT during continuous 
infusion of calcium gluconate, despite an increase in 
serum Ca. Our data thus suggest that the effect of 
oral calcium gluconate on serum iCT concentrations 
may be attributed to a digestive factor. According to 
some reports, gastrin is a potent calcitonin secreta- 
gogue in man,2?73* although this has not been 
confirmed by others.? 2-28 In the present study, the 
postnatal course cf serum iCT and iGT was the 
same in both groups, but no correlation was 
observed. Our findings agree with the results of 
Cooper et al. in newborn rats. We conclude that the 
effect or oral calcium gluconate on serum iCT may be 
attributed to other digestive factors. 


We thank Dr Jennie Mather for reviewing the 
manuscript. 
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Oral solutions for infantile gastroenteritis—variations 


in composition 


P HUTCHINS, C WILSON, J A E MANLY, AND JA WALKER-SMITH 


Queen Elizabeth Hospital for Children, London 


SUMMARY Four different carbohydrate electrolyte solutions were provided for children under 18 
months with acute gastroenteritis treated as outpatients. Osmolality and sodium content were 
measured in samples of solutions as given by the parents. All types of feed were made up with 
marked inaccuracy. Osmolality was sometimes unacceptably high in solutions containing glucose, 
while the highest osmolality for sucrose solutions hardly exceeded the correct value for glucose 
solutions. Most parents could use a sachet with reasonable accuracy although there were still wide 
extremes of error. The ideal preparation for use in developed countries may be a sachet containing 
sucrose and electrolyte, particularly if such sachets could be made generally available and not just 


for use in hospitals and clinics. 


The successful treatment of gastroenteritis in children 
relies on the maintenance or restoration of adequate 
hydration and electrolyte balance. In most children 
this can be achieved by manipulation of the diet. A 
simple, effective, and accurate method suitable for 
use at home is difficult to achieve. There has been 
considerable success in developing countries with an 
oral rehydration solution promoted by WHO and 
distributed by UNICEF!, but in the UK. a wide 
range of solutions is used. 

The exact composition of oral fluids to be ad- 
ministered to infants with acute diarrhoea and 
vomiting is controversial but there is now general 
agreement that it should be a carbohydrate electro- 
lyte solution. Controversy has centred upon whether 
the carbohydrate should be glucose or sucrose*-5 
and upon the appropriate level of sodium in the 
solution9-1? An important factor in deciding a 
suitable composition concerns the potential risk if 
inaccurately prepared; this in turn will be related to 
the mode of preparation of the solution as well as to 
its composition. We report the composition of four 
solutions currently used and prepared by mothers of 
infants with acute gastroenteritis in the UK. We also 
assess the implications of these findings. 


Methods 


This study was performed in two parts. The first 
study was undertaken in 1976 and some aspects 
were reported"; the second study was undertaken in 
1978. 


In the first study, parents diluted a concentrated 
outpatient electrolvte mixture (OPEM) and then 
added either glucose or sucrose. 18 samples of glucose 
electrolyte solution and 25 samples of sucrose 
electrolyte solution had their osmolality and sodium 
measured. 

In the second study, parents used either a sachet, 
now marketed as Dioralyte (Armour Pharma- 
ceuticals, Eastbourne, Sussex) and based on sodium 
chloride and dextrose compound powder BPC, to 
which water was added, or an already diluted electro- 
lyte solution to which sucrose was added. 25 samples 
of glucose sachet solution and 23 of sucrose electrolyte 
solution were measured. All children treated were 
under 18 months of age. Each solution was made up 
at home by the parents and brought to the hospital 
for testing. The sucrose electrolyte solution was also 
prepared by pharmacists and dispensed complete, 
and the composition compared with that prepared 
by mothers. The correct composition of these 
solutions is shown in Table 1, and their constituents 
in the Appendix. | 

i 


Results ` E 
dy 

The osmolality of each solution as prepared by, the 
parents is shown in the Figure, with the theorpfically 
correct values for each one. The mean and thdfran 

of osmolality and sodium content for each sotütion: 
is shown in Table 2. There was a wide range of 
osmolality of all types of solutions prepared by 
mothers. Although in sachet form as Dioralyte most 
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solutions had an osmolality close to the correct 
value, some samples were widely inaccurate. The 
range for solutions prepared and dispensed by 
pharmacy staff was much narrower. On two 
occasions osmolality approached a level of 600 


Table 1 Correct composition of oral solutions 


Constituents Dduted OPEM Electrolyte Dioralyte 
mixture ( sachet m 
200 mi) 
Sodium (mmol/l) X23 24 35 
Potassium (mmol/l) 28 28 20 
Chlonde (mmol 25 24 37 
Base (mmol!) Phosphate 5 Phosphate 5 Bicarbonate 18 
Citrate 7 Citrate 10 
Sugar (mmol/I) Sucrose 166 Sucrose 120 200 
Glucose 266 
Otbers (mmol/T) Calcium 2 
Magnesium 2 
Total osmolality With sucrose 
(mmol/kg) 215 215 310 


OPEM = outpatient electrolyte mixture, 
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Figure Osmolality of samples of oral solutions 
provided by parents. 


Table 2 Composition of oral solutions given by parents 


Glucose Sucrose Diluted electrolyte | Dioralyte 
OPEM OPEM mixture 
Sucrose Sucrose 
added at added by 
home pharmacy 
Osmolahty (mmol[kg) 
Range 192-590 J 145—360 81-314 201-259 121-580 ^ 
Meand- | 
SD 351498 245463 189456 232419  327.-74 
Correct - | 
com- 
position 315 216 215 | 310 
Sodium content (mmoljT) ! 
Range 1627 S528 2-28 23-29 | 5-43 
Meant 
SD 2244 2245 234-5 2542 | 3647 
Correct 
com i 
position 23 24 i 33 
f 


OPEM = outpatient electrolyte mixture. 


mmol/kg, a value to which infants are = 
intolerant.? Indeed one of these children who 
received glucose OPEM had diarrhoea and required 
hospital admission, whereas the other child who 
received Dioralyte did not require admission. 

There was a wide range, too, of sodium llevels but 
this range did not exceed 43 mmol/l. 


Discussion — . 
| 

Two studies” 14 from this hospital have shown that 
sucrose was at least as good as glucose in the out- 
patient management of acute gastroenteritis, and the 
usefulness of sucrose in other countries has been 
demonstrated.* 15 

There are theoretical grounds now ior blenias 
that unlike the situation in the toxigenic diarrhoea 
of cholera, glucose has no particular merit for 
nontoxigenic gastroenteritis—for example tota Virus 
gastroenteritis;? therefore there appear to be no 
advantages for a glucose solution in such children 
and it carries a risk of hyperosmolality if |made up 
incorrectly. Indeed some years ago Ironside!’ 
pointed out the risk of hyperosmolar solutions if 
glucose is used orally for gastroenteritis; this study 
confirms this risk. The highest osmolality! achieved 
when sucrose is added to electrolyte solution hardly 
exceeded the osmolality of the correctly formulated 
glucose solution. Inaccurate formulation of glucose 
solutions may achieve an unacceptably high 
osmolality, even if they are packed in a sealed sachet. 

The sodium content of the Dioralyte sachet is 
higher at 35 mmol/l than that of solutions containing 
24 mmol/l Na + which have teen used at this hospital 
since 1952, during which period there have been few 
cases of hyponatraemia 18-19 Although the range 
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for sodium was wide it was not as great as the range 
of osmolality. The highest sodium concentration was 
less than it would have been had any parent added 
two sachets to 200 ml, a fear expressed recently by 
Cutting,” and sodium probably never reached 
harmful levels. 

The incidence, morbidity, and mortality of 
infantile gastroenteritis are fairly low in Britain. Any 
method of preparing oral carbohydrate electrolyte 
mixtures must be safe and morbidity due to their use 
is unacceptable. A sachet preparation has the 
advantages of compactness and convenience over an 
already made-up solution, although we have shown 
that it may occasionally be used with great in- 
accuracy. If glucose is used as the carbohydrate, 
hyperosmolar feeds may be prepared with the risk of 
promoting or prolonging diarrhoea. A unit pack, 
such as a sachet, containing sucrose as carbohydrate 
may be ideal for use in developed countries such as 
Britain. This would be particularly relevant if such 
sachets could be made generally available. 


Appendix 


Concentrated outpctient electrolyte mixture 
500 ml contains: 


Sodium chloride 3 05g 
Potassrum chloride 1-55g 
Sodium dihydrogen phosphate (2H,O) 235g 
Potassium citrate 6 75g 


Diluted 1 part of concentrated OPEM to 5 parts bolled water Sugar 
added as 25 g to 500 ml of diluted soluticn. This solution has not been 
dispensed since December 1977 


Electrolyte mixture 
500 ml contains: 
Sodium chloride 


0 26g 
Sodium citrate 0:49 g 
Potassium chloride 0-26 g 
Potassium citrate 1 13g 
Magnesium chloride (6H,O) 0:2g 
Calcium chloride (6H40) 0-147 g 


Dioralyte (Armour Pharmaceuticals) 
Each sachet is dissolved in 200 ml of weter and contains: 


Sodium chloride 0-2g 
Potassium chloride 0-3g 
Sodrum bicarbonate 0-3¢ 
Dextross 8-Og 





We thank the staff of the Accident and Emergency 
Department and the Pharmacy of the Queen 
Elizabeth Hospital for Children for their assistance, 
and Mrs M Gleed for typing the manuscript. 
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Familial insulin resistance with pineal hyperplasia : 
metabolic studies and effect of hypophysectomy  . 


RICHARD J WEST AND JAMES V LEONARD 


Department of Child Health, Institute of Child Health, London 
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SUMMARY Mendenhall’s syndrome comprises insulin-resistant diabetes, pineal hyperplasia, and 
various somatic anomalies. A boy with this condition now aged 12 years is reported; a similarly 
affected sibling died aged 7.8 years. Hypophysectomy has been of short-term benefit, ibut the 
problems of insulin resistance persist. On the basis of monocyte-binding studies it seems likely that 
in this condition there is an inherited deficiency of insulin receptors. | 


Mendenhall! described 3 siblings with unusual facies, 
dental precocity and dysplasia, thickened nails, 
hirsutism, acanthosis nigricans, abdominal pro- 
truberance, and phallic enlargement. All 3 died in 
midchildhood from insulin-resistant diabetes mellitus 
and at necropsy:there was pineal hyperplasia. We 
previously described a further 2 siblings with this 
syndrome and showed that the insulin resistance 
could not be explained by excess production of 
corticostercids, glucagon, or growth hormone, nor 
was it explained by circulating insulin antibodies. 
The elder sibling died at age 7-8 years; necropsy 
confirmed pineal hyperplasia.2 We now report 
further studies, and the progress of the second child, 
who has had a hypophysectomy for life-threatening 
diabetic ketoacidosis. 


Case report 


This boy was the second child of unrelated parents. 
He was born at term weighing 2:3 kg, and unusual 
facies and abdominal distension were noted at birth. 
An abnormal dentition started at 4 months.* 
Developmental progress was normal. 

From his appearance it was apparent that he had 
the same syndrome as his elder sister, so he was first 
studied, before he had any symptoms, at age 3-1 
years. At that time he was well nourished, and both 
weight and height were between the 3rd and 10th 
centiles. There was acanthosis nigricans of neck, 
axillae, and cubital fossae. The nails were thickened, 
there was moderate hypertrichosis, the teeth were 
dysplastic, and the tongue fissured. There was penile 
enlargement, but no pubic hair or testicular enlarge- 
ment. 

Oral glucose tolerance tests were performed, first 
at age 3-1 years, and at intervals thereafter (Fig. 1). 


i 


Serum insulin levels were grossly raised on each 
occasion, confirming that insulin resistance us been 
present from an early age. 

He remained well until 6:8 years, Um he 
gradually developed increasing thirst and polyuria. 
Fasting blood glucose varied between 11-0 and 15:0 
mmol/l (200-275 mg/100 ml), and urine volume was 
3--4 litres daily. He was ketonuric and hypokalaemic, 
and oral potassium supplements were started. This 
development of hyperglycaemia was accompanied 
by a fallin concentration of serum insulin, suggesting 
islet cell failure. It was known from experience with 
his sister that only extremely large doses of insulin 
would be likely to have an effect on blood sugar, 
and as these would have been impracticable for 
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Fig. 1 Fasting and peak levels during glucose tolerance 
tests. 
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maintenance therapy, no insulin was given at that 
time. 

For the next year he remained in reasonable 
health, but with persistent glycosuria, ketonuria, and 
increasing polyuria. At age 8 years his condition 
suddenly deteriorated and he was admitted to 
hospital semi-conscious with dehydration and 
acidosis. Blood glucose concentration was 34-5 
mmol/l (620 mg/100 ml). Dehydration and acidosis 
were corrected with intravenous fluids, but 
exogenous insulin was not given initially because of 
the known insulin resistance. For the next week he 
was maintained on intravenous fluids but he 
remained hyperglycaemic, with a urine output of up 
to 15 litres a day. Hypophysectomy was felt to offer 
the best chance of significant improvement in the 
diabetic state. To improve his metabolic state before 
operation, neutral insulin injection (Actrapid MC*) 
200 U/ml was given by continuous intravenous 
infusion with a syringe pump. A total of 26 240 units 
insulin was infused over a 12i-hour period during 
which time the blood glucose gradually decreased 
from an initial concentration of 24 mmol/l (430 mg/ 
100 ml) to 9 0 mmol/l (164 mg/100 ml). Thereafter 
doses of 11 000-20 000 units were given daily until 
hypophysectomy 9 days later, dosage being adjusted 
to maintain normoglycaemia (Fig. 2). 

Hypophysectomy was performed via a frontal 
bone flap with suction removal of the pituitary. 
Replacement therapy with DDAVP, cortisone 
acetate, and thyroxine was started, and has been 
continued. 

Immediately after the hypophysectomy insulin 
requirements fell, and good control of blood sugar 
* Novo. 
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was obtained with pulsed doses of insulin, giving 
about 200 units every 3-4 hours. Within a few days 
of operation insulin requirements had stabilised at 
about 1000 units daily, and this was then given by 
twice-daily subcutaneous injections. Daily insulin 
requirements gradually decreased and exogenous 
insulin was stopped 11 months efter the operation. 
Nevertheless, he still has an abnormal glucose 
tolerance test and insulin resistance (Fig. 1). 

Pituitary function tests during the 14 years since 
operation have indicated no residual function, but 
subscquently very lcw amounts of prolactin and 
growth hormone have been detectable in the plasma. 
During the 4 years siace operation he has remained 
well and active, but growth has been poor. Height 
velocity averaged 1-7 cm a year between operation 
and starting replacement therapy with growth 
hormone (GH). GH was started in a dose of 2 mg 
twice weekly at age 9:8 years and was increased to 
5 mg thrice weekly at age 10-2 years. On this dose 
there was decreasing glucose tolerance with frequent 
glycosuria (Fig. 1). The dose was reduced to 5 mg 
twice weekly at 10-8 years, and stopped at 11-4 years. 
Height velocity while on GH was 2-1 cm a year. The 
plasma somatomedin response to GH was normal. 
Glucose tolerance is 5etter now that GH injections 
have been stopped. 

Measurement of insulin binding to monocytes, 
using the method of Khan et al.,534 years after hypo- 
physectomy and at & time when he had been off 
GH therapy for 3 months, showed that specific 
insulin binding was only 26% of normal. 


Discussion 


Hypophysectomy is rarely undertaken in childhood 
as it has profound consequences on growth and 
sexual development, but there seems little doubt that 
this boy would have died of diabetic ketoacidosis 
without the operation. The degree of insulin 
resistance was such that routine treatment with 
insulin was not practicable and without insulin 
treatment his conditicn was deteriorating. 

The demonstration of markedly reduced insulin 
binding of monocytes in this boy suggests deficiency 
of insulin receptors as a major factor in causing the 
insulin resistance, as in the 3 patients studied by 
Khan ef al5 who had a syndrome comprising 
acanthosis nigricans, insulin resistance, hirsutism, 
and in one patient, clizoromegaly. Other factors may 
be contributing to the insulin resistance, but 
glucocorticoids, glucagon, and GH had been shown 
not to be present in excess, nor were there insulin 
antibodies or pro insulin.? Lessening of the degree of 
insulin resistance was apparent immediately after 
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hypophysectomy in this boy, but the relatively high 
daily requirements of exogenous insulin in the 10 
months after surgery, and the extremely high serum 
insulin values measured since operation show that 
pronounced insulin resistance persists. The lessening 
of insulin resistance noted after hypophysectomy may 
well have been due to the removai of pituitary GH. 

Despite the improvement, the long-term manage- 
ment of this boy remains unsatisfactory. His growth 
rate is poor, even with treatment with GH, and such 
treatment also causes hyperglycaemia. Insulin 
resistance persists, and if this is due to inherited 
receptor deficiency it may not be susceptible to 
change. Further studies on this boy are in progress. 


We thank Mr Norman Grant for performing the 
hypophysectomy, Professor O H Wolff and Professor 
. J K Lloyd for their help, Mrs Lisa Ang for per- 

forming the binding studies, and Dr M À Preece for 
the somatomedin assays. 


British Paediatric Association Junlor Staff Group 
Meeting, Friday, 3 October 1980 


This meeting wil be held at the Royal Hospital 


for Sick Children, Bristol, and is open to all interested . 


junior paediatric staff. The guest lecture will be 
entitled ‘Childbirth: a changing scene’ and will be 
given by Dr P M Dunn, Reader in Perinatal Medi- 
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cine. In the evening there wil! be a dinner for parti- 
cipants and their wives/husbends (approximate cost 
£6 per head). The meeting is recognised officially for 
study leave. 

The registration fee is £8. Applications and papers 
should be submitted to the organiser, Dr John 
Osborne, Royal Hospital for Sick Children, St 
Michael’s Hill, Bristol BS2 8BJ. 
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Congenital adrenal hyperplasia — a clinical and 
genetic survey 


Are we detecting male salt-losers ? 


L MURTAZA, J R SIBERT, I HUGHES, AND I C BALFOUR 
Department of Child Health and Department of Haematology, University Hospital of Wales, Cardiff 


SUMMARY In a genetic and clinical study in Wales of congenital adrenal hyperplasia due to 21- 
hydroxylase deficiency, 26 cases were found in the period 1966 to 1977. No one was known to have 
died from the condition in the period. There were 14 female and 5 male salt-losers, and 5 female 
and 2 male nonsalt-losers. The discrepancy between the sexes suggests that some cases of congenital 
adrenal hyperplasia in males are not being detected. This is of concern as salt-losing cases may be 
dying without a diagnosis being established. The carrier incidence cf the condition in females, 
assuming complete ascertainment, is 1:55. Salt-losers in Wales appear to be more than twice as 
common as nonsalt-losers. HLA. typing of certain affected families confirmed a genetic linkage 
between the congenital adrenal hyperplasia gene and HLA. This linkage appears to exist in both 
forms of congenital adrenal hyperplasia and suggests that the genes for salt-losing and nonsalt-losing 
forms of congenital adrenal hyperplasia are alleles. The linkage between congenital adrenal hyper- 
plasia and HLA. provides a potential method for antenatal detection. However, only a few parents 


would wish to take advantage of this method if it were readily available. 


There have been few population studies on congenital 
adrenal hyperplasia (CAH) due to 21-hydroxylase 
deficiency and none in the UK. Estimates of the 
carrier frequency vary considerably from as low 
as one in 128! to as high as one in 11.3 There has 
been recent interest in the genetics of the condition 
with the discovery of the genetic linkage between the 
HLA locus and CAH,’ leading to the possibility 
of detecting CAH antenatally and elucidating the 
genetic basis for the salt-losing and nonsalt-losing 
forms of the condition. These aspects of CAH were 
investigated in a study of the disease in Wales. 


Methods 


Al patients with CAH due to 21-hydroxylase 
deficiency in Wales from 1966 to 1977 were identified 
by writing to paediatricians through the Welsh 
Paediatric Society. The thoroughness of the 
detection was confirmed by the Hospital Activity 
Analysis of the Welsh Office. Paediatricians in 
neighbouring areas were also contacted. Each patient 
was visited and hospital records were examined. Full 
family pedigree and clinical information were 
recorded. The Registrar General was consulted 


about deaths during the period. In families with more 
than one child, HLA typing was done on each 
member using standard NIH microlymphocyto- 
toxicity technique.* Certain other families with 
affected children born before 1966 were studied also. 
Population figures were obtained from the Welsh 
Office. Parents were asked about their attitudes to 
antenatal detection for CAH. 


Results 


Numbers of cases. In the 12 years from 1966 to 1977 
14 female and 5 male salt-losing cases, and 5 female 
and 2 male nonsalt-losing cases were detected 
(Table 1). No one was known to have died in the 
period. The difference between the male and female 
cases was significant (P<0-05). The ratio of salt- 
losers to nonsalt-losers was 19 to 7 (or 2:7 : 1). 
This discrepancy suggests that some male cases of 
CAH had not been detected; this was probably 
because some male salt-losers had died before the 
diagnosis had been established. | 


Gene and carrier frequency calculations. In view of 
the difference in the number of male and female 
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Table1 Details of the CAH families 





Family Year af birth Sex Type Area of birth Family members 
3 1966 F Nonsalt South Glamorgan eoLroo 
4 1972 F Salt Mid Glamorgan Li 
5 1966 F Salı Gwent "EN. | 
1970 F Salt Gwent 
6 1972 F Salt South Glamorgan OG { 
7 1976 F Nonsalt Gwent E | 
8 1976 F Nonsalt South Glamorgan oO. i 
9 1966 F Nonsalt South Glemorgan 0O00 | 
10 1968 F Salt West Glamorgan O00009 
12 1972 F Salt Clwyd & | 
13 1976 M Salt Clwyd E: | 
14 1977 M Salt Clwyd nom 
15 1969 M Salt Clwyd Nu) | 
16 1970 F Nonsalt Gwynedd Oe 
17 1971 F Salt Gwynedd eq 
18 1972 M Nonsalt Powys pon 
19 1973 M Salt Mid Glamorgan N 
20 1974 F Salt Mid Glamorgan e l 
22 1970 M Salt South Glamorgan a 
23 1975 F Salt Mid Glamorgan e Ui j 
24 1974 F Salt Dyfed e | 
25 1971 F Salt West Glamorgan e i 
26 1966 F Salt Gwynedd Oe | 
27 1976 F Salt West Glamorgan e | 
28 1977 F Salt Gwynedd oz JE i 
29 1969 M Nonsalt South Glamorgan ZO | 
[JUnaffected male, [Maffected male,  Qunaffected female, affected female. | 
' 
I 
Table 2 HLA haplotypes of certhin affected families | 
Family Parents (haplotype) HLA haplotype of parents Affected Nonaffected l 
—————————— —— siblings 
Ist child — 2nd child | 
a a ee RE EE EEE 
CAH 2 F  A2B27/A3 B7 afb b/d afc 
Salt M _A31/33 B5/A31/33 B39 cfd | 
| 
CAH 3 F A2 BI2/-— B35 afb ajd afo ajc ajc 
Nonsalt M  A2B5/A11 B22 cjd 
CAH 4 F A2 B27/A1 B40 a/b b/d bk | 
Salt M  A2BS/A3 B7 cjd | 
! 
CAH 5 F  A2BS/A1!1 B22 ajb bje bje | 
Salt M A26 B38/A2 — cjd | 
CAH 6 F AI B39/A2 B7 afb ajd bíc i 
Salt M All B35/A3 B47 cjd 
CAH 9 F  A3B18/A26 BI2 afb afe b/d , 
Nonsalt M A3 BI8/A3 BI8 cjd ! 
CAH 10 F A3 B13/A11 B27 a/L a/d afc a/c bfe 
Salt M  A2BIZ/A26 B16 cjd | 
CAH 11 F . A3 B7/A2 B40 ajb ajd bje : 
Nonsalt M At B8/A29 B12 cfd 
CAH 15 F  A3B47|— BI2 a/b ajc afd 
Salt M  -—BI15/A25 B18 cjd 
CAH 16 F A2 B40/(not tested) ajb a/c ald i 
Nonsalt M A2 B12/A24 Bi2 cid 
CAH 17 F A3 B15j— a/b ajc a/d 
Salt M | A2B7|BI2 cjd 
CAH 18 F AI B35/A25 B8 ajb b/d bjc* b/c 
Nonsalt M X A2B12/A28 B8 c/d 
CAH 28 F  A2BI2/A3 B7 a/b ajd bje | 
Salt M  A2B16/A2 B12 cjd ! 
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cases we performed gene and carrier frequency 
calculations on the female cases and on the female 
population in Wales. We presumed that not all 
males had been ascertained, but that all females had 
in view of their obvious genital abnormality. 

There were 19 female cases and 229 875 female 
births between 1966 and 1977. This gives an incidence 
of one in 12099 (0-0000825). The gene frequency 1s 
thus one in 110 G/1/12099 or 0-00909, and the 
carrier or heterozygote frequency one in 55. 

Segregation analysis confirmed the recessive 
inheritance of the condition. Using the pricri 
method? there were 15 cases compared with 15-675 
expected cases (standard error 1:795). There was no 
known consanguinity. 


HLA studies, HLA groups on families with more 
than one boy are shown in Table 2. Some families 
with affected children born before 1966 are included. 

There was only one recombinant family (Case 18) 
where a presumed unaffected boy had the same 
typing as his affected brother. The unaffected brother 
showed no clinical abnormality. The baseline 
and 60-minute post-ACTH stimulated 17OH-pro- 
gesterone concentration were normal. This excluded 
CAH due to 21-hydroxylase deficiency and indicated 
that he was a genuine recombinant rather than a 
subclinical case of CAH. 


Antenatal detection. Only 2 of the 26 parents would 
have wished to take advantage of antenatal detection 
and abortion had a reliable method of detecting an 
affected fetus been available. 


Discussion 


Numbers of cases. It was expected that not all boys 
with nonsalt-losing CAH would be detected because 
in them the clinical presentation in this form of the 
disease is delayed. There was a surprising difference 
however, between the numbers of male and female 
salt-losers. This suggests that some male salt-losing 
CAH cases had died without an established 
diagnosis. In the study there were 2 brothers of index 
patients who had died in early life; in retrospect the 
circumstances surrounding both deaths suggest a 
salt-losing crisis due to CAH. 

There are two possible approaches to the early 
diagnosis of CAH and to the prevention of death in 
salt-losing boys. Firstly, it is now well established 
that the measurement of plasma 17OH-progesterone 
is a reliable test for the early diagnosis of CAH due to 
21-hydroxylase deficiency. More widespread use and 
easy availability of this assay in cases of unexplained 
vomiting and electrolyte disturbances in newborn 
boys should reduce the numbers of missed salt-losing 


CAH cases. In addition, the use of assays of plasma 
renin activity can be useful in documenting salt 
depletion before any electrolyte disturbance or 
clinical sign of salt-wasting occurs.’ Secondly, it may 
be possible to screen newborn boys, A microfilter 
paper method for plasma 17OH-progesterone has 
been described? which could, if necessary, be 
incorporated in the present newborn screening pro- 
gramme for inborn errors of metabolism. However, 
this would not be cost effective, as, unlike cases of 
phenylketonuria, such infants die and do not become 
long-term financial burdens to the community. 


Carrier frequency. The carrier frequency (1/55) 
calculated for CAH in this study makes this the 
second most common recognisable recessive gene in 
Wales. It is less common only than cystic fibrosis and 
is more common than phenylkeconuria which has a 
cerrier frequency of 1/59.? Our results show that 
CAH is less common in Wales than in Switzerland,!? 
but more common than in the USA.! 


HLA studies. It is clear from our study and from 
several others? H7? that the linkage of HLA and the 
CAH locus is very close, with a recombination frac- 
tion less than 0-05. There are difficulties in calculating 
exact Lod scores and recombination fractions for a 
recessive gene with a locus such as HLA, without loss 
of information with such a close linkage.!? It also 
appears that the linkage applies equally for both 
sait-losing and nonsalt-losing forms of CAH. 

The linkage between HLA and CAH is of con- 
sicerable interest. However, it is likely to have only 
limited clinical application. Only a few parents would 
wish to take advantage of antenatal detection and 
abortion of a fetus affected by a condition which can 
adequately ‘be treated postnatally. It has been 
suggested that HLA typing could be used to test 
siblings of affected cases at birth.5 However, the 
measurement of plasma 17OH-progesterone con- 
centrations is a rapid, accurate, and reliable test for 
the diagnosis of this condition within the first few days 
of life.!4 Siblings of affected cases could have hetero- 
zygote detection using HLA typirg, but the risks of 
an affected child in a nonconsanguineous marriage 
are low (1/165). Heterozygote detection would 
generally not be justified and would cause 
unnecessary anxiety for the family. 


Genetic basis. for salt-losing and non-salt-losing cases. 
In Wales, unlike Switzerland,’ salt-losing cases are 
more than twice as common as nonsalt-losing ones. 
The genetic basis for the two forms of the condition 
is unclear. However, we now know that the HLA 
linkage applies equally in both forms. The most 
likely explanation for this is that there are two 
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genes for CAH which are alleles. If these genes are 
represented by S for salt-losing CAH and N for 
nonsalt-losing CAH, cases would have 3 genotypes: 
nonsalt-losers being homozygous NN and salt- 
losers being of two types, homozygous SS and 
heterozygous NS. 

There is some evidence that salt-losing CAH 
cases may be phenotypically divisible insofar as they 
appear to vary in their tolerance to a sodium- 
restricted diet.? If the two-allele hypothesis is 
correct, the gene frequencies for the salt-losing and 
N genes are 1/219 and 1/214 respectively. 


We thank Joy Jones for help with HLA typing, the 
consultant paediatricians in Wales for help with the 
ascertainment of cases, Dr Peter Harper and 
Professor Michael Laurence for advice, and Dr 
Michael George, Welsh Office, for help with the 
Hospital Activity Analysis. 
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Conjoined twins in West Africa 


OLUWATOPE A MABOGUNJE AND JAMES H LAWRIE 
Department of Surgery, Ahmadu Bello University Hospital, Zaria, Nigeria 


SUMMARY 12 cases of conjoined twins from West Africa were reported between 1936 and 1978 
Eight sets were liveborn and were surgically separated either in local hospitals or abroad. Four wer 
stillborn. Two new cases of stillborn conjoined twins were recently delivered at this hospital. Th 
most common type and the ones most likely to be born alive were the omphalopagi. Surgica 
separation was successful in 5 cases but the twins separated at Zaria died about a month later 
Emergency operations were performed on the pygopagus and ischiopagus, and one member of th 
former but both of the latter died. The thoracopagus and dicephalus twins were stillborn. However 
necropsy findings in one of the thoracopagi indicate that surgical separation would have been feasibl 
had the twins been born alive. The internal mechanical factors causing cardiac defects in such twin 
may be relevant to the study of the pathogenesis of congenital cardiac malformations. 


The incidence of conjoined twins in West Africa is 
not precisely known. Studies of such twins contribute 
to the knowledge of embryonic duplication, fetal 
development, and the mechanism of congenital 
malformations. Noonan! has stressed the relevance 
of thoracopagus conjoined twins in the study of the 
mechanism of cardiac malformations. We have 
reported on the 2 sets of conjoined twins separated at 
this hospital in Zaria. This report is a collective 
review of all cases of conjoined twins in West Africa 
up to 1978, plus 2 new cases of stillborn conjoined 


Table 1 Type and sex distribution of conjoined twins 
born in West Africa between 1936 and 1978 











twins delivered recently in this hospital—namely, : 
thoracopagus and a dicephalus. 


Material 


All data relating to cases of conjoined twins reporte 
from West Africa between 1936 and 1978 wer 
collected. The clinical, epidemiological, surgical, anc 
necropsy data were analysed. The system of classifi 
cation recommended by Potter and Craig? is used tc 
describe such twins (Table 1). 


Results 


Stillbirths (Table 2). There were 6 stillborn sets o 
twins comprising 2 dicephalus twins, 2 thoracopagi 
and 1 set each of diprosopus and omphalopagus 
Although the dicephalus twins of Dakar wer 
delivered vaginally,* the recent dicephalus twins o. 
Zaria were delivered by caesarean section because o: 
shoulder dystocia and rupture of the uterus. The 
former had 3 upper limbs, dipus tribrachius, whik 
the latter had only a pair, dipus dibrachius (Fig. 1) 


Sex —— Birthweight 
(kg) 


Shared organs 


ree E e e E Mi i e a i i e i a i e a e a e rre m enn 


Type Laveborn Stillborn Male Female 
(n8) (0-6) — (n92) — (n—12) 
Omphalopagus ‘n=6) 5 1 1 5 
Dicephalus (n —2) 0 2 1 1 
Thoracopagus (n2) 0 2 0 2 
Diprosopus (n=1) 0 1 0 1 
Ischiopagus (n= 1) 1 0 0 1 
Pygopagus (n= 1) Í 0 0 I 
Heteropagus (n»-1) 1 0 0 ] 
Table 2 Stillbirths 
Year of Autho! Country Age of Type 
report mother 
(years) 
1940 Bowesnan?25 Gambia ? Omphalopagus 
1958 Suggelbouté Nigeria 25 Thoracopag.s 
1971 Engman and Ghana 26 Diprosopus 
Arkutus 
1975 Sylla et al.4 Senegal 29 Dicephalus 
1980 Ma»ogunje Nigeria 21 Thoracopagus 
1980 Mabogunje Nigeria 25 Dicephalus 


45 No necropsy 
24 Pericardium 
1-1 Y-eosophagus, Y-trachea, 
heart 
Humerus, heart, liver, jejunum 
3 No necropsy 
6 Heart, liver, j1ejunum 





Fig. 1 Stillborn dicephalus twins dipus dibrachius 
delivered by caesarean section in Zaria, September 1978. 


Most of the internal viscera were fairly similar with 2 
brains and 2 spinal cords, 2 tracheas, 2 oesophagi, 2 
stomachs, and 2 duodenums with a common jejunum 
and a pancreas. The Dakar twins had 2 hearts which 
shared a common right auricle. The cardiac anatomy 
of the Zaria twins is the subject of another report. 

The monocephalus diprosopus of Accra? were 
anencephalic with 2 faces and spina bifida, but they 
had no recognisable spinal cord in the duplicated 
cervico-thoracic and the fused lumbosacral canals. 
Similarly, the tracheas and oesophagi were Y-shaped. 
There were 4 brachiocephalic trunks but the 2 
median ones continued as carotid arteries only. 

The thoracopagus twins necropsied by Stiggelbout? 
in Kaduna had 2 normal hearts within a single 
pericardium. There was a large, fused central liver 
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However, the recent thoracopagus twins of Zaria 
were not necropsied (Fig. 2). 


Livebirths (Table 3). Four of the omphalopagus 
twins were delivered vaginally. The omphalopagus of 
Ho, Ghana,’ were members of a triplet pregnancy. 
The first was a boy delivered vaginally, following 
which caesarean section was performed to deliver the 
conjoined girls. The omphalopagus of Azare,? had a 
prominent umbilical hernia (Fig. 3). 

The surgical data are summarised in Table 4. Both 
members of 4 omphalopagi were successfully 
separated, but the Azare twins died 35 days and 37 
days postoperatively from intractable nosocomial 














Fig. 2 Stillborn thoracopagus twins delivered 
mass with a much smaller lateral lobe for each twin. vaginally in Zaria, March 1978. 
Table 3 Livebirths 
Year of Author Country Age of mother Type Sex 
report ( vears) 
1936 McLaren!* Nigeria 25 Omphalopagus F 
1954 Aird!! Nigeria 20 Omphalopagus F 
1956 Holgate and Ikpeme!? Nigeria 24 Omphalopagus M 
1966 Gupta? Nigeria 25 Pygopagus F 
1970 Takyi? Ghana 35 Omphalopagus triplets F 
1972 Bankole et al.9 Nigeria 30 Ischiopagus F 
1978 Mabogunje et al.? Nigeria 30 Omphalopagus F 
1978 Mabogunje and Lawrie!0 Nigeria 20 Heteropagus F 
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se 
f 


of intestinal obstruction and recurrent spells o 
been 


at her lungs were 





enterocolitis. Also one member of the omphalopagus 
of Ho died of sepsis 9 days after separation (H K 
Takyi, 1979, personal communication). Emergency 


separation of the pygopagus was performed becau 
apnoea in one of the twins who died during the 


Fig. 3 Omphalopagus twins of Azare separated at 


the ABU Hospital, Zaria, April 1975. 
Fig. 4 Heteropagus twins of Ndu Sule separated at 


the ABU Hospital, Zaria, June 1976. 
hypoplastic and unaerated. She had apparently 


operation. Necropsy showed th 
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kept alive by her conjoined sister and would have 
been incapable of an independent existence.’ The 
ischiopagus twins also had emergency separation 
because of intestinal and urinary obstruction, but 
both developed multiple cardiorespiratory arrests 
shortly after surgery terminating soon after in 
congestive heart failure with pulmonary oedema and 
peripheral cyanosis.? 

After the separation of the heteropagus (Fig. 4), 
the autosite was followed up regularly for 10 months: 
during this time her development was normal.!? 
Later however, we received a report from her local 
dispensary that she had died at age 19 months during 
the cerebrospinal meningitis epidemic of 1977. The 
surviving member of the omphalopagus of Ho is now 
9 years old and in good health (H K Takyi, 1979, 
personal communication), and the longest known 
survivor is Wariboko of the Kano omphalopagus, 
separated by Aird. Now 26 years old, she is a 
trained nurse and midwife on the staff of this 
hospital. Recently, she delivered her second healthy 
baby boy. 


Discussion 


Conjoined twins are monozygotic twins, incompletely 
separated. The separation probably occurs at the 
first blastomeres but it may take place at the gastrula 
stage.'* In humans, long or irregular menstrual circles 
appearing in the very young or in premenopausal 
women may be associated with delayed ovulation 
and over-ripening of the ovum which would then 
be more susceptible to blastomeric duplication.? 13 
However, the oldest mother in this series was only 
35 years old, and the others ranged from 20 to 30 
years. This is similar to the findings of Milham,!4 
who studied 22 sets of conjoined twins from New 
York State, USA, and is difficult to reconcile with 
the concept of the ageing gamete. Milham also found 
among the conjoined twins, a pronounced tendency 
to prematurity, low combined birthweight, an 
excess of stillbirths, and a preponderance of females, 
features which are all present in this series. 

The rate of monozygotic twinning appears to be 
similar for all races, while the dizygotic twinning rate 
differs considerably and is known to be high in some 
parts of West Africa,15—16 Working in Eastern 
Nigeria, Cox! suggested that the effect of protein 
and riboflavin deficiencies on the Ovary may cause 
multiple ovulation or polyovular follicles, or 
otherwise cause delayed implantation in the endo- 
metrium. Any of these effects may account for the 
high frequency of multiple births observed in that 
region. Although most of such births would be 
expected to be dizygotic it would be of great interest 
to examine the surviving obstetrical records of the 
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same region during the recent civil war (Biafran war), 
when malnutrition was widespread, in order to 
ascertain whether there were still more multiple 
births or whether more conjoined twins were 
delivered. 

The most common conjoined twins are the 
omphalopagi, accounting for over 4 % Of the 
collected series of Bankole et al? and for 43% of 
the West African series. They are also the most often 
separated, sometimes with quite simple anaesthetic 
and surgical facilities.! 75 Next in frequency are the 
thoracopagi in which there is currently great interest, 
because of the new insight afforded by the study of 
their cardiac conjunction in relation to the patho- 
genesis of other cardiac malformations. The cardiac 
findings in these twins are of three types. There may 
be pericardial fusion only with 2 normal hearts, atrial 
connection but ventricular separations, or ventricular 
connections usually associated with multiple cardiac 
defects.” The twins necropsied by Stiggelbout® for 
instance were of the pericardial type and would have 
been eminently separable had they been born alive. 
The possibility of successful separation in the twins 
of other types would depend on the particular clinical 
and electrocardiographic findings. Furthermore 
cardiac catheterisation and angiocardiography may 
be indicated in order to assess the defects, as is the 
practice in other cases of congenital cardiac mal- 
formations. Indeed Edwards et a/.2° have presented a 
plan for the potential surgical Salvage of at least a 
member of such conjoined twins with complex atrial 
and ventricular fusions. 

The cardiac anomalies described in thoracopagus 
conjoined twins include anomalous pulmonary 
venous return, common atrium, single ventricle, 
cono-truncal abnormalities, and endocardial cushion 
defects. In addition to genetic control, it is possible 
that mechanical factors arising from thoracic 
conjunction are involved in the pathogenesis of 
these anomalies.! This possibility is further enhanced 
by the demonstration by Gessner ?! of cardiac lesions 
produced in chick embryos by mechanical means. 
The problem then would be to identify the types of 
intrauterine factors which may constitute comparable 
mechanical forces leading to the development of 
cardiac defects even in the single fetus. 

A prenatal diagnosis of conjoined twinning would 
obviously be of help in planning surgical separation, 
and would also prompt elective caesarean section to 
improve the chances of liveborn twins. Prenatal 
diagnosis is facilitated by using the radiographic 
criteria established by Gray et al22 These include 
close approximation of the chest of the twins who 
face each other and have an exaggerated lordosis. 
Diagnostic ultrasound has also been recently used 
for this purpose.?? It is remarkable that only 2 sets of 
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twins in this series were delivered by caesarean section 
and, in one instance, the twins had already died and 
the uterus ruptured after prolonged labour. 

The reason for a greater number of females in most 
series of conjoined twins is unknown. Milham'* 
suggested that it might be due to the early loss of 
conjoined male embryos. In more recent reports from 
the USA and Sweden the male: female ratio seems to 
be approaching 1:1. Therefore, Källén and Rybo?! 
have suggested that better prenatal care may be 
decreasing such male losses resulting in a more even 
sex distribution. If this explanation is correct, the 
male: female ratio of 1:6 in West Africa would thus 
reflect our continuing deficiencies in antenatal care. 
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Visceral larva migrans caused by Trichuris vulpis 


TAKASHI SAKANO, KAZUKO HAMAMOTO, YOHNOSUKE KOBAYASHI, 
YASUKAZU SAKATA, MORIYASU TSUJI, AND TOMOFUSA USUI 


Department of Paediatrics and Parasitology, Hiroshima University, School of Medicine, Japan 


SUMMARY Two brothers with visceral larva migrans caused by Trichuris vulpis were diagnosed after 
they had been investigated for an eosinophilia. Both patients were almost asymptomatic. The 
diagnosis of visceral larva migrans was based on the results of immunoelectrophoretic studies and 
no liver biopsy was performed. After administration of thiabendazole, the number of eosinophils 
and serum total IgE levels gradually decreased, and the patients have remained well. 


The term visceral larva migrans (VLM) was first 
introduced by Beaver et al.! to describe a syndrome 
in young children characterised by chronic extreme 
eosinophilia, hepatomegaly, and pulmonary 
symptoms. Causative parasites most often en- 
countered are Toxocara canis and Toxocara cati 2-? 
A hog ascaris, Ascaris suum, may also be an aetio- 
logical agent.*^ Until now there have been no 
reports of VLM due to Trichuris vulpis infestation, 
and two such cases are now reported. 


Immunological methods 


Serum antibodies against helminth antigens were 
detected by Ouchterlony's method and immuno- 
electrophoresis, using extracts of various helminths 
as antigens. The extracts were obtained by repeated 
freezing and thawing of the parasites, after grinding 
down in 0-1% sodium chloride solution. After 
centrifugation, the supernatants were dialysed and 
lyophilised. These antigens were dissolved in 
veronal-buffer before use. 

Details of immunoelectrophoresis have been 
described.5 Briefly, antigen was first developed by 
immunoelectrophoresis in agar gel. At the end of the 
separation, the serum was placed in a trough cut 
parallel to the path of electrophoretic migration. 
After incubation at 4^C, the slide was washed with 
saline containing veronal-buffer for 3 days and 
stained with amido black 10B. The arcs of pre- 
cipitate were examined. 


Case 1. A 5-year-old boy was referred to Hiroshima 
University Hospital for further evaluation of a 
pronounced eosinophilia. His family had obtained 
a 10-month-old dog 4 months before he was admitted 
to hospital. He had been the product of a normal 
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pregnancy and delivery. He started to have 
occasional asthmatic attacks at 2} years, but these 
had stopped by the age of 4. His father is currently 
in good health but he, too, had suffered from 
bronchial asthma in childhood. 

A complaint of fatigue brought him to medical 
attention at the age of 4 years and 10 months, when 
an eosinophilia of 16%, 1-6 x 109/1 was first noticed. 
He had no other complaints. 

On examination, the liver edge was 4 cm below the 
costal margin, soft and nontender. Optic fundi were 
normal. Blood count showed a pronounced eosino- 
philia of 59%, 12-6 :109/l, while other haemato- 
logical values including platelets, reticulocytes, 
serum iron, and total iron binding capacity were 
normal. Bone marrow showed a hyperplasia of the 
eosinophilic series. Serum total protein 7-5 g/100 ml, 
albumin/globulin ratio 1:5, glutamic-oxalacetic 
transaminase 26 U/l, glutamic-pyruvic transaminase 
14 U/l, and lactic dehydrogenase 491 units. Although 
the levels of serum IgG, IgA, and IgM were normal, 
IgE was greatly increased (6000 U/ml: normal 
<500 U/ml). Isohaemagglutinins (anti-A) were 
positive at 1 : 512. Skin tests for house dust, wool, 
ragweed pollen, and ‘tatami’ (Japanese floor mats 
made from Juncus effusus var. decipiens) were 
positive. Occult blood test in stools was negative. 

Repeated stool examinations showed no ova or 
parasites. However, when the patient’s serum was 
tested in Ouchterlony gel diffusion against various 
parasite extracts, antibodies against Toxocara canis, 
Ascaris suum, and Parascaris equorum antigens were 
detected (Fig. 1). Because of their high antigenicity, 
cross-reactions between these antigens and anti- 
bodies against other kinds of nematode are generally 
observed. It was now suggested that the patient had 
contracted a nematode infestation. Faecal specimens 
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from the dog showed numerous ova of Trichuris 
vulpis. Many ova of this parasite were also found in 
the house dust. The results of immunoelectro- 
phoresis of Trichuris vulpis and Toxocara canis 
antigens are shown in Fig. 2. Four arcs of precipitate 
were observed between Trichuris vulpis antigen and 
the patient's serum. Sera from other patients with 
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Fig.3 Temporal changes of peripheral leucocyte 
count, eosinophilia, and serum IgE levels in Case 1 
(closed circles) and Case 2 (open circles). 
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Fig. 1 (Case 1) Ouchterlony gel diffusion: 
central well was filled by patient's serum. 
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Toxocara canis or Toxocara cati infestation caused 
only one or two bands (data not shown), indicating 
that Trichuris vulpis antigen is different from 
Toxocara canis or Toxocara cati antigen. The 
results indicated that our patient had contracted 
Trichuris vulpis infestation. 

Two arcs of precipitate against Toxocara canis 
antigen were also detected, but these are not specific 
bands of Toxocara canis antigen.? 

At age 5 years and 7 months, our patient was given 
thiabendazole (25 mg/kg per day) for two days. The 
number of eosinophils in the blood gradually 
decreased (Fig. 3) and he became well. 


Case 2. This 31-month-old boy is the younger brother 
of Case 1. During investigation of the family an 
eosinophilia of 15%, 17 x 10°/] was found. He had 
no signs or symptoms suggesting VLM, and physical 
examination was negative except for some eczema. 
Complete blood count was normal except for the 
mild eosinophilia. Serum IgE was increased (3680 
U/ml). 

Stool examination showed no ova or parasites, 
Antinematode antibodies were also detected, and 
immunoelectrophoresis showed four arcs of pre 
cipitate against Trichuris vulpis antigen (Fig. 2). 

After administration of thiabendazole, the level o 
serum IgE gradually decreased. 


Discussion 


The VLM syndrome, occurring in young children 
is characterised by chronic eosinophilia and hepato 
megaly, but sometimes lungs, eyes, central nervou: 
system, heart, or other organs can be affected as ¢ 
consequence of local larval migration. *7-? Clinica 
symptoms are dependent on the severity of thi 
infestation and the extent of tissue involvement 
Smith and Beaver? demonstrated that patients who 
had been given a small number of embryonated ovt 
of Toxocara canis remained clinically asymptomati! 
despite mild eosinophilia. Both our patients wer 
asymptomatic except that Case 1 tired easily. 
Because of the absence of ova in the stools 
Snyder? insisted that the conclusive proof o 


diagnosis in suspected cases required liver biopsy 
and that such biopsy was justifiable in any patient 
with hepatomegaly and eosinophilia. However, 
although identification of parasites in the tissues of 
the host is the final proof of the infestation, their 
absence does not exclude VLM. This is especially so 
if the invading parasites are scanty. Under these 
circumstances, immunological studies are of great 
value in diagnosis.!? 

In relation to human infestation with Trichuris 
vulpis, a 4-year-old boy was reported by Hall and 
Sonnenberg.!! Stools from this patient contained 
the trichurid ova and a portion of an adult female 
trichuris was also recovered. Thus, this patient 
seemed to have suffered from intestinal infestation. 
Our patients were different from Hall's case, because 
they contracted VLM. 

There is no effective specific treatment for VLM 
as yet. Thiabendazole, a broad-spectrum anti- 
helminthic agent, seems to be effective, because after 
treatment with this agent the number of arcs of 
precipitate and eosinophils in peripheral blood 
decreased, although not to a normal value. Although 
the possibility of incomplete removal of the parasites 
cannot be excluded, the remaining eosinophilia may 
be due to the allergic character of these patients. 


Addendum 


Since this article was submitted for publication, an 
immunoelectrophoretic study at age 63 years showed 
that antinematode antibodies had disappeared from 
the serum of Case 1. 


This work was supported in part by a Grant-in-Aid 
from the Japan Medical Research Foundation. 
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Short reports 


Maternal phenylketonuria: abnormal baby despite low phenylalanine 


diet during pregnancy 


T M SCOTT, W MORTON FYFE, D MCKAY HART 


Stobhill General Hospital, Glasgow 


SUMMARY During a screening programme of 10 000 
pregnant women by the Guthrie test, a previously 
unrecognised phenylketonuric woman was detected. 
A low phenylalanine diet introduced from the 16th 
week of gestation failed to prevent fetal abnormality 
and mental retardation. Maternal phenylketonuria 
requires earlier diagnosis than can be achieved at the 
initial antenatal clinic visit if its teratogenic effects 
are to be prevented. 


Women with phenylketonuria (PKU) run a high risk 
of giving birth to infants with intrauterine growth 
retardation, mental retardation, microcephaly, or 
congenital heart disease. The possibility that a low 
phenylalanine diet started in early pregnancy might 
protect the fetus from the harmful effects of maternal 
PKU during the rest of the pregnancy led to a pilot 
scheme by the PKU screening laboratory at Stobhill 
Hospital, and 10 000 pregnant women were screened 
for hyperphenylalaninaemia by the Guthrie test. 
Among those screened was a 27-year-old 
primigravida, who, when she booked for hospital 
confinement at 11 weeks' gestation, had a blood 
phenylalanine level above 20 mg/100 ml (>1:2 
mmol/l). She was started on a low phenylalanine diet 
at 16 weeks’ gestation (14 weeks from conception) 
and continued on this diet until she gave birth to a 
light-for-dates infant who was microcephalic and had 
the Pierre Robin syndrome. 


Case report 


A 27-year-old primigravida booked for hospital 
confinement at 11 weeks’ gestation. She had fair hair 
and blue eyes, her height was 154 cm and her weight 
57 kg. Her IQ (Weschler adult intelligence scale) was 
92, with a verbal subscale of 99 and a performance 
subscale of 84. Blood phenylalanine by the Guthrie 
test was above 20 mg/100 ml. Serum phenylalanine 
concentration by chromatography was 22:3 mg/100 


ml (1:35 mmol/l) and serum tyrosine 0-048 mmol/l. 
Her urine contained phenylpyruvic acid and 
o-hydroxyphenylacetic acid. 

A low phenylalanine diet was started at 16 weeks 
and adhered to during the rest of her pregnancy. 
Blood phenylalanine levels were monitored by 
twice-weekly Guthrie tests and serum phenylalanine 
levels were determined by fluorimetry monthly, or 
when indicated by the Guthrie test. Between the 19th 
and 22nd weeks of gestation levels of —2 mg/100 ml 
(0-12 mmol/l) were detected by the Guthrie method. 
However, fluorimetric estimation of phenylalanine 
at 21 weeks was 1:9 mg/100 ml (0-11 mmol/l) and 
again at 22 weeks was 2-7 mg/100 ml (0: 16 mmol/l). 
Thereafter, with three exceptions, Guthrie levels 
varied between 4 mg/100 ml (0-2 mmol/l) and 
10 mg/100 ml (0:6 mmol/l) (Fig. 1). 

Spontaneous onset of labour occurred at 40 weeks. 
Fetal distress was indicated by the drainage of 
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Fig. 1 Dietary control of phenylalanine levels and 
phenylalanine intake during the pregnancy. 
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meconium-stained liquor and a Kielland’s rotation 
and delivery were performed when fetal tachycardia 
developed during the second stage. 

The baby had a one-minute Apgar score of 5, and 
regular breathing was established by 3 minutes. He 
weighed 2-72 kg (< 10th centile on the Gairdner and 
Pearson chart?) (Fig. 2), occipitofrontal circum- 
ference was 33 cm ( — 10th centile), and he was found 
to have a hypoplastic mandible (Fig. 3) with a 
posterior cleft palate. He began bottle feeding with 
Ostermilk Complete formula, but feeding difficulties 
due to respiratory difficulty were evident from birth, 
and each feed took between 60 and 90 minutes. 
Guthrie tests at 2 and 8 days gave phenylalanine 
levels of 2 mg/100 ml, while his mother, now taking 
an ordinary diet, had reverted to hyperphenyl- 
alinaemia (1:6 mmol/l). At outpatient review, 
aged 17 days, his weight had fallen to 2-65 kg and 
he was admitted to hospital because of persistent 
failure to complete feeds. Nasogastric feeding did 
not produce a significant weight gain and was 
abandoned in favour of spoon feeding. On discharge 
aged 2 months, length, weight, and occipitofrontal 
circumference were each <3rd centile with no 
evidence of catch-up growth at 18 months (Fig. 2). A 
Griffiths’s developmental test when aged 47 weeks 
gave a General Quotient of 70 (locomotor subscale 
of 80, personal-social 73, hearing and speech 63, 
eye and hand co-ordination 70, performance 63). 
Chromosome analysis showed an apparently normal 
male karyotype. 
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Fig. 2 Growth record from birth to 18 months 
(Gairdner and Pearson chart ). 





Appearance at birth. 


Fig. 3 


Discussion 


Allan and Brown? recommended that women with 
blood phenylalanine levels >10 mg/100 ml should be 
treated throughout pregnancy with a low phenyl- 
alanine diet, but no patient adequately treated in this 
way has been reported. Despite dietary control from 
as early as the 6th week of gestation, a woman gave 
birth to an infant with congenital heart disease.’ 
Other women with PKU, including our patient, 
treated with a low phenylalanine diet during a 
substantial period of their pregnancies have also 
given birth to infants with congenital abnor- 
malities.” However, normal infants have been 
born to mothers with PKU treated from the 
l6th week of pregnancy,? and from the 20th week.” 
The high incidence of congenital abnormalities. 
including congenital heart disease, in the offspring of 
such women suggests that PKU has a teratogenic 
effect in the early weeks of pregnancy and that 
prevention of these abnormalities will depend on 
treatment being started before conception. Neverthe- 
less, when a low phenylalanine diet is not started 
until some time after conception, it might still be 
expected to halt progressive damage to the fetal 
nervous system in the same way as a low 
phenylalanine diet from early infancy successfully 
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prevents major neurological impairment in most 
PKU children. 

Thus, on the basis of clinical experience to date, it 
is uncertain whether treating women who have PKU 
with a low phenylalanine diet during pregnancy 
lessens the harmful effects of phenylketonuria on the 
fetus. However, there are grounds for believing that 
such treatment may be beneficial, especially if 
started before conception. 


The pilot study which led to the detection of this case 
was designed by Professor J Farquhar, Department 
of Child Life and Health, Edinburgh University, in 
collaboration with Dr J S Stevenson, Consultant 
Bacteriologist, Stobhill General Hospital. We thank 
Mr Robert Kennedy for doing the Guthrie tests, 
Dr M L McDonald for the Griffiths's test, Mr J De 
Courcy for the Weschler intelligence quotient, and 
Miss C M Fleming for advising on the diet. 
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Commentary 
J W FARQUHAR 


Department of Child Life and Health, University of 
Edinburgh 


Successfully treated PKU girls are reaching child- 
bearing age. The number will grow even faster as 
those who were diagnosed by the Guthrie test reach 
maturity. Many have already stopped the diet. Most 
are eligible for marriage and some may believe that 
they will have normal children if they return to diet 
before or during pregnancy. Early experience of such 


dietary manipulation must make us pause and con- 
sider. It ranges in Britain from some reassuring 
success to rather more disturbing failure without 
suggesting a clear reason for the difference. The 
above case falls into the unsuccessful group and even 
in the recent series from Manchester,! success, 
although impressive at an early stage in develop- 
mental testing, is not perfect. Buist et al. in Oregon? 
similarly have had mixed fortunes with a small group 
in whom the maternal serum phenylalanine was 
controlled from 8 to 30 weeks of gestation. 

A worldwide review of  phenylketonuric 
pregnancies was presented by Lenke and Levy? at a 
meeting of the American Society of Human Genetics. 
In untreated pregnancies, in which the maternal 
serum phenylalanine level exceeded 1:2 mmol/l, 
microcephaly and mental retardation occurred in 
90 75. When the maternal level lay between 0-96 and 
1-2 mmol/l they were found in 75% of children. 
Congenital heart disease was also present in many. 
It was concluded that treatment started after concep- 
tion but before the 20th gestational week prevented 
microcephaly but not congenital heart disease. 
Recently Nielsen ef al.* reported the birth of an 
apparently normal baby to a relatively mild phenyl- 
ketonuric woman whose blood phenylalanine level 
was held in an acceptable range (0-48 to 0-61 
mmo]/I) before conception and in the range 0°18 to 
0:48 mmol/l from conception to delivery. l 

So far no absolutely consistent relationship has 
emerged between outcome and maternal serum 
phenylalanine level (or urinary phenylketones) at 
conception or later, the week of pregnancy at which 
control was achieved, age, or maternal intelligence. 
Future studies must ensure that there are no other fetal 
insults in each pregnancy. They will need to identify, 
if possible, the defect in maternal phenylalanine 
metabolism (including the rare biopterin deficiency). 
They will need to document phenylalanine levels 
during the prenatal weeks and throughout pregnancy 
and to record levels below 0-12 mmol/l as carefully 
as those above 0-6 mmol/l. Those with expertise in 
transplacental nutrition should examine the possi- 
bility that the low phenylalanine diet may impair fetal 
growth and development. Aborted fetuses should not 
be discarded without careful examination. It seems 
unlikely that poor PKU control in childhood and 
adolescence could by itself be mutagenic. Experience 
may now grow quickly and must be shared. The wiser 
PKU women may prefer to delay child bearing for 
a few more years until better informed advice can be 
given. The recent discovery? that phenylalanine 
ammonia lyase (or PAL) may enable a PKU woman 
to eat a relatively normal diet while maintaining 
normal blood phenylalanine levels could greatly 
facilitate prepregnancy and pregnancy control. 
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Biopterin defect in a normal-appearing child affected by a transient 


phenylketonuria 


FRANCOISE REY, ROBERT J LEEMING, JOHN A BLAIR, AND JEAN REY 
Unité de Recherches de Génétique Médicale (INSERM), Hôpital des Enfants Malades, Paris, France, 


and General Hospital, Birmingham 


SUMMARY A child diagnosed as having transient 
phenylketonuria was found to have reduced 
synthesis of tetrahydrobiopterin and an abnormal 
clearance of phenylalanine, but he remained clinically 
normal when on a normal diet. A small amount of 
7,8-dihydrobiopterin was found in his serum; this 
distinguishes the case from that of malignant 
hyperphenylalaninaemia. 


A defect in biopterin metabolism has been found in a 
few patients with hyperphenylalaninaemia although 
their hydroxylase and reductase activities have been 
normal.-* In two of these patients the serum 
biopterin concentration, as assayed by Crithidia 
fasciculata, àid not rise after an oral or an intravenous 
phenylalanine load as it does in normal subjects and 
in those with the usual variants of phenylketonuria 
(PKU), and in patients affected by dihydropteridine 
reductase deficiency." The mechanism of the bio- 
pterin response to the rise of plasma phenylalanine 
level is unclear, but this characteristic distinguishes 
without liver biopsy, among the new variants with 
progressive neurological illness, those who are 
affected by dihydropteridine reductase deficiency and 
those suffering from a defect in biopterin synthesis.® 
We now report a case of so-called transient PKU? in 
which a low biopterin serum level and an atypical 
zero-order kinetics of phenylalanine disappearance 
were present at 5 years of age in a seemingly normal 
child. 


Methods and results 


This boy was born on 9 December 1973, and was the 
second child of healthy unrelated parents. Birth- 
weight was 3:82 kg. At 5 days a Guthrie test showed 
a serum phenylalanine level of 0-6 mmol/l (10 
mg/100 mf). The infant was bottle fed with dried 
cows' milk formula (protein intake 6 g/kg per day) 


i 


and one month later the phenylalanine plasma level 
was 3:5 mmol/l (58 mg/100 mI), but with a protein 
intake of 3 g/kg per day (adapted formula) it 
returned within 4 days to 1-1 mmol/l (18:2 mg/100 
ml) (tyrosine 0-72 mg/100 ml (0-04 mmol/I)). A low 
phenylalanine diet (Lofenalac) was started on the 36th 
day of life. It was possible rapidly to increase the 
phenylalanine intake from 300 to 450 mg/day and at 6 
months, when a normal diet was reintroduced, the 
phenylalanine level remained below 0-2 mmol/l (3:3 
mg/100 ml). Lofenalac was stopped and until he Was 
1 year old he received a restricted natural protein diet 
(2-5 g/kg). Subsequently a regular diet was instituted 
and since then the phenylalanine plasma level, 
measured by fluorimetry, has not exceeded 0-2 
mmol/l. The physical and intellectual development 
have been normal: at 5 years IQ is 108. ! 

An intravenous phenylalanine load was performed 
at age 1 year; the plasma concentration returned 
from 2-7 mmol/l (44-6 mg/100 mI) to normal values 
within 2 days, after a very slow and atypical kinetics of 
disappearance; phenylpyruvic acid and o-hydroxy- 
phenylacetic acid were present during the load. 
At 3 years, very low biopterin levels were found in 
serum (0-4 ng/ml); at this age chromatography of 
serum! showed only 7,8-dihydrobiopterin to be 
present. At 5 years, after an oral load which increased 
the phenylalanine level to 2:1 mmol/l (34-7 mg/100 
ml) after 2 hours, and to 2-8 mmol/1(46-3 mg/100 ml) 
after 4 hours, the initially low biopterin concentration 
in serum (0:2 ng/ml) rose to0- 6ng/mlatthei3rd hour 
and to 0-55 ng/ml at the 6th hour. The phenylalanine 
plasma level was still high (0:9 mmol/l; 14:9 
mg/100 ml) 18 hours later. During this 'time the 
child was unusually sleepy. The parents did not give 
permission for a needle biopsy. 

Both parents had normal fasting phery 
plasma levels and their phenylalanine/tyrosine 
molar ratios were also normal. | 
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Transient hyperphenylalaninaemia or, to be precise, 
pseudotransient PKU is a rare condition that can be 
mistaken in the neonatal period for a classical or an 
atypical PKU; however it differs in that the phenyl- 
alanine tolerance increases with time, so that by 
about age 6 months the phenylalanine plasma level 
is no higher than 0-2 or 0-3 mmol/l on a regular diet. 
Furthermore, when parents are investigated, neither 
a raised fasting phenylalanine level, nor a 
phenylaline/tyrosine molar ratio increase is 
found,’ unlike the common variants of the disease, 
thus showing a transient defect. It is distinct from the 
immaturity of the phenylalanine hydroxylating 
system in which the response to a phenylalanine load 
is clearly normal after the normalisation of the 
phenylalanine plasma level. H-1 In so-called transient 
PKU a delayed clearing of phenylalanine can be 
found several months or years later, showing the 
persistency of a metabolic disorder.’ 14 Until now, 
the primary defect has been unknown but in view of 
the very slow phenylalanine disappearance after 
intravenous perfusion, which suggests the accumula- 
tion of an intermediate (the concentration of which 
remains constant during the hydroxylation process), 
a phenylalanine-hydroxylase stimulating protein 
deficiency has been suggested.® 

From these criteria, the findings in our patient 
clearly correspond to this diagnosis. Unfortunately 
no enzymatic studies were performed as the parents 
refused to give permission for a liver biopsy in this 
seemingly normal 5-year-old boy. However, unlike 2 
other patients who were apparently affected by the 
same phenotype but in whom biopterin derivatives 
were not depressed, this child had a very low 
biopterin level in his plasma and urine with only a 
small increase after an oral phenylalanine load. 
Indeed in normal subjects and in heterozygotes for 
PKU, as well as in classical PKU or its variants, a 


4- to 5-fold increase in biopterin concentration is 
observed after a rise in phenylalanine plasma level, 
the biopterin/phenylalanine ratio being above 15 
when the phenylalanine level is in the normal range, 
and at about 5in untreated PKU or in phenylalanine- 
challenged subjects.*9 The increase in biopterin 
concentration is even greater in dihydropteridine 
reductase deficiency and in such cases large amounts 
of dihydrobiopterin and dihydroxanthopterin are 
found in urine. 15 

Malignant hyperphenylalanimaemia is the only 
condition in which a biopterin deficiency has been 
described and small amounts of crithidia factors 
which co-chromatographed with neopterin, 
biopterin, and tetrahydrobiopterin were found in 
urine and serum.! These compounds were initially 
taken for neopterin or biopterin® but it has recently 
been proved by using high voltage electrophoresis 
followed by ultraviolet detection that the species 
were neopterin and 7,8-dihydroneopterin and not 
7,8-dihydrobiopterin, indicating a 7,8-dihydro- 
biopterin-synthesis deficiency. 

The condition: differs strikingly from malignant 
hyperphenylalanimaemia, since our patient is 
normally developed and shows no symptoms of 
impaired neurotransmitter synthesis. He can be 
distinguished also on biochemical grounds as small 
quantities of 7,8-dihydrobiopterin were found in 
serum chromatography, suggesting a partial defect 
of 7,8-dihydrobiopterin synthesis. The site of this 
defect in the synthesis of tetrahydrobiopterin may be 
shown by analysing urinary pterins—such as 
neopterin. In this case the synthesis of dihydro- 
biopterin, although adequate for a low serum 
phenylalanine level, was not sufficient to remove 
serum phenylalanine after challenging doses; this 
explains the apparent ‘inhibition’ of the hydroxy- 
lating system suggested by the zero-order kinetics 
of disappearance. 

In such a partial enzymatic defect the child may be 


Table Enzymatic data and biopterin values in malignant hyperphenylalaninaemia and in our patient 








Phenylalanme- DHPR In vvo Fasting and maximum values after load 
hydroxylase activity* activityt phenylalanine 
disappearance Phenylalanine Bropterin 
ratet Gnmol{f) (ng/ml) 
DHPR deficiency 
Caso 15 61 0 3.2 0 07 2-10 55 30 
Biopterin synthesis deficlency 
Case 2 49 61 25 0-26 2.48 0.8 {1-2 
Caso 3 51 i 60 08 0-07 2 70 0 2 0.5 
Present case 0 0.2 28 0.2 0-6 
*umol tyrosine/hour per g protein, 
tomo! NADH oxidised/min per mg protein, 


tpercent of normal (1 37 0.45 x 10-2 pmol/ml per minate). 
DHPR = dihydropteridine reductase. 


Conversion traditional to SI untts—biopterin: 1 ng/ml «4.2 nmol/l 
SI to traditional units—pbenylalanine: 1 mmol/1&16-5 mg/100 ml. 


heterozygote for 7,8-dihydrobiopterin synthesis 
deficiency as the parents of a child affected by 
malignant hyperphenylalaninaemia (Case 2, 
Table)! 5 have similar very low biopterin levels 
(1979, unpublished data). | 


This case shows that a low serum C. fasciculata . 


activity together with high serum phenylalanine 
concentration does not necessarily mean that the 
child is affected by a  malhgnant hyper- 
phenylalaninaemia unless chromatographig analysis 
of the serum also shows lack of 7,8-dihydrobiopterin. 
It also demonstrates that transient hy henyl- 
alaninaemia is a heterogenous condition and can be 
caused by reduced biosynthesis of 7,8-dihydro- 
biopterin. 


This investigation was supported by a research grant 
(ATP: 37.76.69) from the Institut National de la 
Santé et de la Recherche Médicale (INSERM). 
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SUMMARY Two siblings had sublingual thyroid 
glands anc hypothyroidism. A third sibling had a 
left lobe agenesis of the thyroid, but normal function 
of the gland. This is the second such family to be 
described. 





The ectopic position of the thyroid gland is not an 
uncommon anomaly, with an incidence of about 1 in 
4000 of all thyroid diseases.! Generally only one 
sibling is affected but familial occurrences have 
occasionally been reported.*^ This anomaly is the 


most frequent cause of hypothyroidism in babies, 
with an incidence of between 36 and 6895977 A 
family is described with 3 affected siblings; 2 siblings 
had sublingual thyroids and the third had hemi- 
agenesis of the gland. 


Case reports 


Case 1. A 4-year-old girl was examined because of 
stunted growth and slow physical and psychomotor 
development. She was the product of a term, 
uncomplicated pregnancy and delivery. There was no 
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Table Clinical, hormonal, and biochemical findings in 3 children with familial thyroid ectopy 





Case Sex Age Height age Bone age TSH Tal 3(%) FII PBI Cholesterol  Thyroidal 31I Thyroid 
) (years) (ng/ml) (ig/ml) retention umt (ug/I100ml) (nmol/l uptake % scan 
2h ith 

1 F 4 2-4 1:5 42 4.8 13 16 Sublingual 
2 F 3.6 2:6 1*6 4.8 7 7 13 Sublingual 
3 M 3 3.4 2-6 0.85 4.6 42 4 4-5 4-2 10 26 Agenesis of 

left lobe 
Normal values <1 2:5-8 39-55 2:69 4-8 4.6-8.5- 12+4 34412 


Conversion: traditional umts to SI—Tal: 1 ug/100 ml w12-87 nmol/l, PBI 1 ug/100 ml «78-8 nmol/l, cholesterol 40 mg/100 ml #1 mmol/l, 


consanguinity in the family. No abnormality was 
found until age 3 years. During her fourth year, the 
mother observed a progressive retardation in the 
somatic growth and in intellectual performance. 

The diagnosis of hypothyroidism was established, 
based on delayed bone age as shown on x-rays, 
retarded growth ( «3rd centile), and low 1™I uptake. 


Scan of the thyroid showed a sublingual position of . 


the gland. Results of the thyroid function tests are 
given in the Table. Treatment with desiccated thyroid 
extract was started and changed later to L-thyroxine. 
After 8 years of treatment our patient is normally 
developed, the height 25th centile, and the bone 
age has caught up with chronological age. 


Case 2. The 34-year-old sister of Case 1 was examined 
for stunted growth and constipation. She too had 
been born after an uneventful pregnancy and 
delivery, and no problems had been encountered 
during the neonatal or infantile period. The physical 
examination was normal except for her height, which 
was «10th centile. 

Hypothyroidism was suggested by the growth and 
bone age retardation, and the low !*!T uptake by the 
thyroid (Table). Again the scan showed the ectopic, 
sublingual position of the thyroid gland. L-thyroxine 
was given for replacement therapy, and now, after 
7 years of treatment at age 104 years, she is a 
perfectly developed girl and her beight has reached 
the 50th centile. 


Case 3. A 3-year-old brother of Cases 1 and 2 was 
normally developed and without symptoms related 
to the thyroid gland. He was examined during the 
investigation of the entire family and although 
clinical and laboratory findings were normal (Table), 
the thyroid scan showed left hemilobar agenesis. 

Both parents and 2 more siblings were found to be 
normal in all the tests. The maternal grandmother 
has been treated for thyrotoxicosis. 


Discussion 


Although ectopic thyroid glands have been 
reported,® 9-? familial thyroid ectopy is rare and only 


3 such families have been thoroughly documented. 4-9 

In many children the ectopic, underdeveloped 
thyroid can supply the metabolic needs of the 
organism up to a certain age, and signs of hypo- 
thyroidism may appear late when the requirements 
for thyroid hormones are increased." Therefore, 
various degrees of hypothyroidism, from barely 
detectable to severe cretinism, have been described in 
the presence of ectopic thyroid tissue1° Little 
et al.” suggested the name ‘cryptothyroidism’ for 
ectopically situated thyroid glands, by analogy with 
cryptorchidism. 

The family described by Orti et al.* was similar to 
ours: 2 siblings with sublingual thyroids and one with 
hypoplasia of a thyroid lobe. Kaplan et al.® described 
2 siblings with sublingual thyroids, with slight 
hypothyroidism in one and no clinical signs in his 
brother. The estimation of basal serum thyroid 
stimulating hormone (TSH) was of value for the 
early detection of incipient hypothyroidism. Our 
patients were diagnosed at a time when only protein- 
bound iodine (PBD, 131 uptake, and scanning of the 
thyroid could be tested. However, the low !*!T uptake, 
retarded bone age, growth retardation, and the 
ectopically-situated thyroids leave no doubt about 
the diagnosis of hypothyroidism, confirmed by the 
result of thyroid hormone therapy. The brother, who 
only had agenesis of the left lobe of the thyroid, 
was perfectly compensated, as shown by his normal 
development, normal PBI, thyroxine, triiodo- 
thyronine, Sephadex uptake, and TSH. 
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SUMMARY  Life-threatening lingual haemorrhage 
was successfully treated in a 3-year-old haemophiliac 
who had a high level of inhibitor in his plasma. 
Repeated plasma exchange with high-dose factor 
VIII concentrate led to a cessation of bleeding. 
Immunosuppressive treatment introduced at the 
time of plasmapheresis and carried out for 6 weeks 
seems to have prevented the return of the inhibitor. 


The presence of inhibitors in patients with severe 
haemophilia À presents a serious clinical problem. 
Patients who had previously been well managed on 
'average' replacement therapy, fai] to respond to 
large doses of factor VIII concentrates. About 10% 
of haemophiliacs eventually develop inhibitors 
although the time they take to do so varies. 
Attempts at overcoming this problem started soon 
after it became recognised. Approaches have been 
found to be beneficial by some and ineffective by 
others. The use of high-dose factor VIII concentrates 
with concomitant immunosuppression was 
advocated by Nilsson and Hedner.? Several authors 
have reported success with the use of activated or 
nonactivated prothrombin complex concentrates.? 
Others have failed to confirm these findings, and 
furthermore have warned of the possibility of severe 
untoward effects—such as disseminated intravascular 
coagulation—after the use of such compounds.4 
Plasmapheresis as a prompt measure for the 
control of severe bleeding has been successfully tried 
at a number of centres for haemophiliacs.9-8 In some 
of these patients plasmapheresis was followed by 
short-term immunosuppressive treatment. In most 
patients however, the inhibitor level returned to pre- 


treatment values within days or weeks of plasma 
pheresis. Continuous flow plasmapheresis has ban 
suggested for adult patients but these instruments are 
expensive and somewhat difficult to use with small 
children. 

We report a case of haemophilia A with iübibnos 
in a 3-year-old boy, who had repeated life- 
threatening bleeding from his tongue. Bleeding was 
successfully controlled by ‘conventional’ plasma 
exchange with factor VIII concentrate and fresh 
frozen plasma. Immunosuppression, introduced at 
the time of plasmapheresis, seems to have led to the 
disappearance of the factor VHI inhibitor. > , 


Case report 


There was no history of haemophilia in the family of 
our patient nor was there history of any other 
bleeding disorder. Our patient’s mother subsequently 
was found to be an asymptomatic carrier for 
haemophilia A. The patient was first investigated for 
suspected haemorrhagic disorder when he. had 
prolonged bleeding after a diphtheria-pertussis- 
tetanus vaccination. The diagnosis of haemophilia 
A was established at age 4 months. Factor VIIL level 
was found to be less than 1 %. He repeatedly received 
cryoprecipitate and transfusions for gum and' nose 
bleeds. 10-20 units per kg factor VIII were then 
adequate for the control of bleeding. Altogether he 
was treated on 33 occasions before the age' of 2 
years. At 25 months gingival haemorrhage started 
and this time it did not respond to ‘conventional’ 
treatment. A factor VIII inhibitor was detected in 
his plasma with a concentration of 10 Bethesda units 
per ml. The bleeding was eventually controlled by 
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Table Coagulation studies and treatment of haemorrhages in patient 





Age (months) 
22 25 


Coagulation 
Bleeding Inguinal 
Haemoglobin (g/d!) (lowest, before transfusion) 63 
Partial thromboplastin time (seconds) >180 170 
Factor VIII level (% <1 «1 
Factor VIII mhibitor (Bethesda vnits) 0 10 


Treatment 
Blood transfusion (ml) total 800 
Factor VIII concentrate 
FEIBA 
Fresh frozen plasma 250 
Plasmapheresis (ml) 
Prednisolone 
Cyclophosphamide 


1720 
7000 


Gingival, nose, joints — 
2 


333 37 





7000 units factor VIII in cryoprecipitate. There was 
a transient rise in the inhibitor level after replacement 
therapy (Table). 

Six months later severe bleeding started from his 
tongue. Large doses of activated prothrombin 
complex concentrate (FEIBA, Immuno Ag, Vienna) 
were tried without success to control the bleeding. 
Haemorrhage continued despite the simultaneous 
use of FEIBA and cryoprecipitate given in a total 
dose of 12000 and 1800 units respectively, over a 
period of 5 days. Finally ‘intensive’ factor VIII 
treatment, using 1000 units Cryobulin (immuno Ag, 
Vienna) every 8 hours for 3 days brought the 
haemorrhage under control. The child then spent 8 
weeks at home; during this time he was symptom- 
free. He then bit his tongue again and was admitted 
to hospital with severe blood loss. The presence of 
high-titre inhibitor and the difficulty in achieving 
haemostatic factor VIII level prompted us to carry 
out plasma exchange. The procedure was as follows: 
after cannulation of the left saphenous vein, plasma- 
pheresis was performed with disposable blood- 
collecting bags. The bags were centrifuged at 3000 
rev/min for 10 minutes in a Sorvall RC-3 centrifuge. 
Plasmapheresis was accomplished on 2 consecutive 
days. Each day 600 ml of blood were plasmapheresed 
giving about 340 ml of plasma. The exchange was 
carried out in 100-150 ml aliquots to avoid problems 
with the volume. Although transient tachycardia and 
tachypnoea were observed, these were easily 
controlled by transfusion with donor blood. The 
patient's own erythrocytes were,transfused back with 
100 mi fresh frozen plasma and 200 ml cryopre- 
cipitate (factor VIII concentration: 600 units). After 
the plasmapheresis, cyclophosphamide was given 
in an initial dose of 150 mg intravenously, followed 
by a ‘maintenance’ dose of 50 mg (3-6 mg per kg) 
daily, with 25 mg prednisolone (2 mg per kg) 
(Figure). 

The bleeding from the patient's tongue stopped 
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Figure Effect of combined plasmapheresis and 
immunosuppressive treatment on factor VIII inhibitor 
activity. 


during the second day of plasmapheresis, but oozing 
started again 4 days later. High-dose factor VIII 
treatment (total 10000 units) this time failed to 
control the haemorrhage, and the patient’s condition 
quickly deteriorated. 

A second course of plasmapheresis was carried out 
2 weeks later and a total of 1000 ml blood was 
plasmapheresed in one day. The discarded plasma 
(650 ml) was substituted for fresh frozen plasma, and 
10 000 units of factor VIII (Cryobulin) given in an 
initial dose of 1000 units every 8 hours. Anaemia 
due to blood loss also necessitated red cell replace- 
ment. The lingual haemorrhage promptly stopped 
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during plasmapheresis. Immunosuppressive treat- 
ment was carried out for a period of 6 weeks. 

The level of factor VIII inhibitor was measured 
using the method of Kasper et al.’ Three, 4, and 10 
months after the second plasmapheresis, there was 
no detectable inhibitor in the patient's serum 


(Figure). 
Discussion 


Plasma exchange with fresh frozen plasma and factor 
VIII concentrates led to the lingual haemorrhage 
stopping in our patient, who had a high,level of 
factor VIII inhibitor in his plasma. Serial analysis of 
the inhibi-or level showed that it dropped from 10 
to 3 Bethesda units after the first 2 days of plasma- 
pheresis. Two days later however, it had returned 
to preplasmapheretic values, and it even rose to 12 
units, corresponding probably to a rebound from 
the tissue pools. It was not surprising that bleeding 
started again a few days later, reaching a life- 
threatening rate in 10 days. After the second course 
of plasma exchange, bleeding stopped, and the level 
of the inhibitor fell to 2 units. Probably as a result of 
immunosuppressive treatment introduced at the 
time of the first plasmapheresis, the inhibitor level 
has remained low ever since. 10 months after 
plasmapheresis, the inhibitor level was nil, and the 
patient was symptom-free. 

Plasmapheresis can lead to a rapid improvement of 
the clinical state in severe haemophilia with 
inhibitors. The secondary rise in the inhibitor level 
can most probably be avoided by more-prolonged 
intensive plasma exchange or by the simultaneous 
use of immunosuppressive treatment. Furthermore, 


as seems to be the case so far in our patient, the 
inhibitor may even disappear completely. Although 
the disappearance might have occurred spon- 
taneously there is reason to believe that it was 
connected with the therapeutic procedure; however 
it is not possible at present to give a sound explana- 
tion. We recommend therefore a combination of 
plasmapheresis with simultaneous intensive immuno- 
suppression. 
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SUMMARY Although nonaccidental poisoning in 
childhood is now more often recognised, it is still 
difficult to establish a diagnosis despite correct 
investigative procedures. In 1978 we were unable, 
initially, to establish the cause for intermittent 
episodes of loss of consciousness in a boy admitted 
to Sheffieid Children's Hospital. Subsequently ıt 
was conclusively shown that his mother systematic- 
ally poisoned him with Tuinal (amylobarbitone and 
quinalbarbitone) both before admission and while 
he was being treated in the hospital. 


Most paediatricians are aware of the possibility of 
nonaccidental poisoning as part of the syndrome of 
child abuse, and a recent publication! has heightened 
our own awareness of the possibility. Meadow? 
described 2 cases which he attributed to a form of 
'Munchausen's syndrome by proxy, in which 
the children were deliberately and systematically 
poisoned by their parents. Verity eż al.? reported 2 
similar patients who were being persistently.poisoned 
by their mother. The main barrier to establishing a 
firm diagnosis is often the ingenuity of the parents in 
offering plausible explanations for the child's 
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symptoms and ensuring that the child is admitted to 
various hospitals, so that investigations are never 
carried to a firm conclusion at any one. This, indeed, 
was the case with our patient but further difficulties 
were encountered which delayed the diagnosis. The 
problems described illustrate not only the importance 
of a high index of suspicion and appropriate 
investigations, but also that the entire investigation 
screen should be repeated if the initial results are 
negative. 


Case history 


A 2-year-old boy was admitted to a peripheral 
hospital because his mother said he had had a 
painful foot for some days. Physical examination was 
negative, but during a period of observation a plaster 
cast was applied to the foot. The child suddenly 
became unconscious and was transferred to the 
Neurosurgical Unit in Sheffield. A history of possible 
head injury was elicited. A computerised tomography 
scan was normal and an electrocardiogram showed 
gross excess of fast activity associated with a 
moderate excess of slow activity, particularly on the 
right. The changes were said to be unusual and were 
correspondingly difficult to interpret, but they were 
similar to those seen as a result of barbiturate and 
other forms of intoxication. However, the boy 
recovered consciousness fairly rapidly and seemed 
perfectly normal. He was therefore returned to the 
first hospital, but as soon as he arrived there he 
again lost consciousness and was sent back to the 
Neurosurgical Unit. As there was no obvious neuro- 
surgical explanation for his illness, he was transferred 
to the care of one of us (J L) at Sheffield Children’s 
Hospital. There were no abnormal neurological 
findings and no focal signs, apart from the fluctuating 
level of consciousness. Poisoning, accidental or 
otherwise, seemed the likely explanation and his 
parents offered the suggestion that there were some 
fungi in the garden which he might have eaten. These 
were obtained and examined, but pronounced 
harmless by Professor A J Willis, Professor of 
Botany at the University of Sheffield. A toxicology 
screen was carried out, which showed only the 
presence of dexamethasone, which the patient had 
been given whilc on the neurosurgical ward. His 
parents denied that he had access to drugs of any 
kind. During his subsequent stay in hospital his 
mother was extremely critical of the nursing care 
given to the boy, pointing out that she herself was a 
nurse and knew what was required. She repeatedly 
asked that he should be transferred to another centre 
for further assessment. In the 14 days after his 
admission, he lost consciousness on at least 9 
occasions (Table). During 2 of these episodes he had 


Table Episodes of unconsciousness and 
accompanying clinical features 


Unconscious Number of Additional features 
episodes 

12 August 2 Rash 

13 August 1 Rash. Plantars 11. 
Hypothermia 

14 August ` 1 Reported by mother at onset. 
Rash. 
Normal pupillary responses 

15 August I Respiratory arrest (IPPV). 
Hypothermia 

17 August 1 Hypothermia 

20 August 2 Intensive care unit 

23 August 1 Respiratory arrest (IPPV) 


IPPV = intermittent positive pressure ventilation. 
4 


cardiorespiratory arrests requiring vigorous re- 
suscitation with intubation and intermittent positive 
pressure ventilation, and once he required external 
cardiac massage. Extensive haematological and 
biochemical investigations were negative. In spite of 
the initia] negative results, a repeat toxicology 
screen was carried out and this showed the presence 
of amylobarbitone 1:0 mg/100 ml and quinal- 
barbitone 0-4 mg/100 ml (constituents of Tuinal) in 
his blood. At the time this sample was taken, it was 
explained to his mother that further intensive 
laboratory investigations were being carried out in 
the hope of establishing a diagnosis. 

The mother however, complained of a swollen, 
painful right leg and an episode of fainting. She was 
referred to the adult physicians (J P D R) and 
admitted to hospital. She gave a history of right deep 
venous thrombosis in December 1974, while she 
had been on oral contraceptives, and said she had 
been treated with anticoagulants. In July 1977, she 
had had a further episode of deep venous thrombosis 
in the same leg with pleuritic chest pain. She main- 
tained that lung scan had been positive and that a 
diagnosis had been made of pulmonary embolus. 

On this occasion she had difficulty in walking, 
with local tenderness in the calf, and Homans's sign 
was positive. There was no gross swelling and the 
muscle was soft. She was admitted for antico- 
agulation in view of her medical history. Within a 
few days she developed severe pleuritic chest pain, 
associated with a swinging pyrexia, but there were 
no Jocalising signs and her chest was clear. She had 
headaches, photophobia and diplopia, neck stiffness, 
and a coarse nystagmus. She had a rigor associated 
with a pyrexia of 44°C. At this time, anticoagulation 
difficulties were experienced and she required 
vitamin K, for reversal of the anticoagulation. 

Although she appeared quite unwell, the hyper- 
pyrexia was inappropriate, and a rectal temperature 
was consistently recorded at 36 -59C. It was thought 
possible that there was anticoagulant noncompliance, 


with the tablets saved and taken as a single dose 
later. 

Further enquiries into the family history were 
made. Álthough no mention was made of this, it 
was discovered that the mother had been married 
previously and that 2 children by that marriage were 
in care. The general practitioner with whom the 
family were supposedly registered in the south of 
England, before moving to Derbyshire, had no 
record of the family. Previous addresses provided by 
the mother, in different cities, were found to be false 
and the general practitioner with whom she claimed 
to be registered with currently, had no knowledge of 
either the mother or the child. A London hospital 
had ‘lost’ all records of her admissions to them in 
1974 and 1977, but an admission to hospital in 1976, 
during pregnancy, was confirmed. She had been an 
unbooked pregnancy, had been admitted 1n labour, 
and delivered at 38 weeks' gestation. She had claimed 
to have been a state registered nurse, but enquiries 
with the General Nursing Council showed that she 
had not so qualified. The hospital where she was 
said to have trained had no record of her. 

As a result of these intensive investigations, further 
information came to light. In January 1974 the 
mother had had a complete abortion. Five months 
later, she complained of abdominal pain and was 
found to be 10 weeks' pregnant. A month later, she 
was said to have had an antepartum haemorrhage 
while in Stockholm and to have been admitted to 
hospital with a threatened abortion. She had a 
similar episode a month later on her return to the 
UK. She was eventually admitted with premature 
labour and had a stillbirth. Multiple admissions at 
3 hospitals during this pregnancy were discovered 
only when she failed to attend at 40 weeks' gestation 
at one of the hospitals where she was booked for 
delivery. Despite this, no firm conclusions were made 
at this time. 

In the light of all this evidence, a locker search 
was made and about 100 loose capsules of Tuinal 
were found, half of which were empty. Empty 
bottles labelled Tuinal in a different name were 
found, together with a foil pack of Triptafen 
(amitriptyline). An FP10 prescription pad and an 
enormous amount of paper relating to a deputising 
service, with which she was associated, were also 
found. Two thermometers, one reading 39:9°C and 
the other 41°C, were found in her bed and in her 
locker. At this stage it was clear that her illness was 
not organic, except for the signs possibly induced by 
barbiturate ingestion. However, examination of her 
serum for barbiturates was negative. 

Reanalysis of the first blood sample from the 
boy, taken at the time of admission to hospital, 
showed that indeed there were amounts of quinal- 
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barbitone and amylobarbitone present, which had 
not been detected 1n the first assay. 

As a result of these investigations, the notet was 
interrogated and charged by the police. The matter 
has been dealt with in Court and the mother: was 
sentenced to 3 years' imprisonment. The boy has 
remained perfectly well and has had no other 
episodes of unconsciousness. He has been placed 
in the care of his grandparents. 


Discussion 


In their excellent article, Rogers et al.* described the 
various modes of presentation in cases of non- 
accidental poisoning. They also outlined a' pro- 
gramme of management which is thorough and 
comprehensive. However, as our experience demon- 
strates, further problems may be encountered despite 
a high index of suspicion. The bizarre nature of the 
presenting symptoms without any logical organic 
cause resulted in toxicology screening being carried 
out on our patient when he was first seen by the 
paediatrician. Difficulty in the interpretation of this 
screening test arose for 2 reasons: (1) The admunistra- 
tion of dexamethasone itself produced a peak on 
analysis which may have obscured the presence of 
barbiturate. (2) ‘Blind’ toxicology screening is less 
likely to be successful than a search for specific drugs, 
and at that time we had been unable to give any 
guidance to the laboratory on which drugs might be 
involved. The negative toxicology screen therefore 
had put us off our guard and subsequent samples 
were sent for analysis some time later in the illness. 
Indeed, the initial testing of these samples was also 
negative and only when it was found that the mother 
had a large supply of Tuinal in her handbag was 
further analysis stimulated and all previous samples 
then were found to give positive results. 

Apart from this problem, the outstanding features 
of this case were the mother's plausibility and her 
apparent desperate concern for her child's welfare. 
The extraordinary sequence of events in her own 
history before the boy's admission to hospital did 
not come to light until she herself was admitted to 
hospital, apparently at a time when she felt it was 
likely that the boy's iliness might be diagnosed. It is 
not clear why this woman tried to poison her son. 
She was seen by a psychiatrist who felt that she had 
a psychopathic personality and was a pathological 
liar. She demonstrates a history similar to that of the 
mothers described by Meadow.* 

Analysis of this and other cases has abid us to 
come to the following conclusions. We offer them 
in the hope that similar difficulties may be avoided. 
(1) If nonaccidental poisoning is suspected, samples 
of blood, gastric washings, and urine should be taken 
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at times when the patient is symptomatic, so that 
toxicology screening may be carried out. Tricyclic 
antidepressants are more difficult to detect in blood 
than in gastric washings or urine. 

(2) The importance of a detailed family history with 
a further check on conflicting items of information is 
stressed here, and had the mother not developed 
'symptoms' herself, it is possible that the outcome 
might have been less satisfactory. Therefore, it is 
important to pursue vigorously all elements of the 
medical history of the family, with specific documen- 
tation. 

(3) A period of isolation of the patient from his 
parents should confirm whether symptoms are 
related to the presence of the parents. Although this 
might be difficult to achieve in cases where the 
diagnosis is suspected but not proved, it would 
provide vital information and could be achieved by 
excluding the parents from all physical contact with 
the child. Additionally, only the nursing and medical 
staff should be allowed to administer food, drink, or 
drugs to the patient during the period of observation. 
If necessary, a Place of Safety Order should be 
obtained. 

Among the many suggestions offered to us as a 
result of our plea for assistance,® was the availability 
of a special room with closed circuit television so 
that the patient could be watched throughout the 
24-hour period, and any attempt by the parents to 
give him drugs could then be seen. This would appear 
to be the ideal way to monitor the child, but such 
facilities are not readily available in our hospitals. It 
is, however, quite clear that any attempt to give 
drugs to a child would only be made when the 
person thought she was not being observed. 

This patient nearly died despite intensive efforts to 
establish a diagnosis. The fact that the cause of his 
illness was eventually ascertained was probably 
fortuitous. We hope that we and others can learn 
from this case and therefore prevent possible 
tragedies. 

We thank the readers of the Lancet for their speedy 
and helpful response to our plea for assistance, and 
we note that the majority of our medical replies 
were on the right track. It is interesting to relate that 
we also received a large number of replies from lay 
people who provided a wide variety of less likely 
explanations and treatments for this unusual illness. 


We thank the staff of the Biochemistry Laboratories 
at the Children's Hospital and the Hallamshire 
Hospital, Sheffield, for their valiant efforts to assist 
us in the management of this case, and Mrs J Gill 
and Mrs G Wilson for secretarial assistance. 
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Commentary 
D GAIRDNER 
17 Rutherford Road, Cambridge 


Child abuse is, of course, nothing new although it 
came to be widely recognised as all too common in 
our society only after Kempe wrote about it in 1962, 
and endowed it with the arresting title ‘the battered 
child syndrome’. Soon after the last war, that is some 
35 years ago, I was concerned with a case in 
Newcastle which bore many similarities to the case 
described above, and was equally bizarre, but with 
an even more catastrophic dénouement. 

A well-spoken, middle-aged woman brought to 
hospital her 2-year-old child in a coma. She stated 
calmly that she knew what was wrong with her 
child—tuberculous meningitis—since she had lost 
her 2 previous children, both of whom had died from 
this disease. She explained that the source of 
infection was her husband, who had advanced 
pulmonary tuberculosis, but who was a hopeless 
ne’er-do-well who had refused all medical attention. 
The child, she stated, had gradually become more 
and more drowsy during the last week or so, just 
as had her 2 older children, who had eventually died 
in hospitals elsewhere in the country as a result of 
proved tuberculous meningitis. All she wanted, she 
went on, was for us to confirm that the child did 
have tuberculous meningitis (at that time an in- 
variably fatal condition) after which she would nurse 
the child at home until he died. 

On examination the child was in deep coma, but 
not wasted or febrile or otherwise ill. He presented 
the ‘Sleeping beauty’ picture as often seen in children 
with tuberculous meningitis in those days, when that 
disease was not uncommon. 

A lumbar puncture was done and to everyone's 
surprise the CSF proved normal. A Mantoux test 


after 72 hours was also negative. At this stage the 
child began to regain consciousness, and by the end 
of a week he was perfectly well and running about 
the ward. The mother, when she came to take the 
child home, was told that he certainly had not had 
tuberculous meningitis or any other form of tubercle, 
but that the cause of the coma, from which he had 
now recovered completely, remained undiagnosed. 
The usual hospital summary of the case was in 
due course made and a copy sent to the general 
practitioner, who received the notification about 10 
days after the patient's discharge. He at once 
telephoned the hospital in great alarm to say that 
he had just received the discharge summary with its 
diagnosis ‘Coma, cause undetermined, with com- 
plete recovery’. About 3 days after the child had 
been discharged the doctor had been summoned to 
the home by the mother, who showed him the body 
of the dead boy. She told him that the hospital had 
confirmed her suspicion of tuberculous meningitis, 
and had let her take the child home to die. The 
doctor had accordingly signed a death certificate 
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with this diagnosis and the child had been 'duly 
buried the next day. Only when the general practi- 
tioner received the discharge summary from the 
hospital did he realise that he had been duped by the 
mother. 

The doctor had only recently started in that 
practice, and knew nothing of the previous family 
history. Medical records at the end of the war were 
often nonexistent. The mother had told him she was 
epileptic and that she was dependent on pheno- 
barbitone, so he had agreed to supply her with this 
drug. 

It was now abundantly clear that the child’s coma 
had been due to poisoning by the mother, pre- 
sumably with barbiturates to which she had access, 
and that she had finally succeeded in murdering the 
child by the same method. 

To prove this would have been difficult; the 
mother had no other children alive and her age was 
such that further pregnancy was unlikely. After a 
great deal of debate, it was decided to do nothing 
further. 


Prolactin deficiency, obesity, and enlarged testes — a new syndrome? 


ABRAHAM ROITMAN, SARAH ASSA, RIVKA KAULI, AND ZVI LARON 
Institute of Paediatric and Adolescent Endocrinology, Beilinson Medical Centre, Petah Tikva, and the 


Sackler School of Medicine, Tel Aviv University, Israel 


SUMMARY  À 4-year-old boy is described who was 
obese and slightly mentally retarded. His testes were 
enlarged. The only endocrine disorder present was a 
failure to increase plasma prolactin after stimulation. 


Prolactin deficiency not associated with deficiency of 
other pituitary hormones is rare. Jt has been 
reported in 2 women with failure of lactation,* in 2 
families with pseudohypoparathyroidism,* and in a 
boy whose growth and sexual development were 
retarded. We describe an obese child with pro- 


Abbreviations: 

11-OHCS: = 11-hydroxycorticosteroids 

T4: thyroxine 

TSH: thyroid-stimulating hormone 

TRH: thyroid-releasing hormone 

LH—RH: luteinising hormone—releasing 
hormone 

FSH: follicle-stimulating hormone 





lactin deficiency and enlarged testes in whom the 
clinical findings were entirely different. 


Case report 


The infant was referred at age one year because of 
excessive obesity and bulimia (hyperphagia) which 
had been present at birth and had thereafter pro- 
gressed steadily. His birthweight had been 4160 g. 
At 7 months he had weighed 11-9 kg, and at 4 years 
his weight reached 27 kg (10 kg above 50th centile), 
with skinfolds measuring 24 mm (triceps) and 
17 mm (subscapular) Linear growth was con- 
sistently on the 75th centile with a slight bone age 
retardation. His mental development .was also 
slightly retarded. Apart from obesity, the main 
finding was the enlargement of the testes (3-4 ml) 
(Figure); this was neither progressive nor was it 
associated with any other sign of sexual precocity. 
A thorough investigation of the central nervous 
system, including at age 4 years a computerised 
tomography scan, showed no disease. Routine 
tests of blood chemistry (including calcium and 
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Figure A 4-year-old boy with hypoprolactinaemia, 
obesity. and enlarged testes. (The testes were equivalent to 
size 4 of the Prader orchidometer.) 


phosphorus levels), and urine analysis, gave normal 
results. 

Endocrinological investigation gave normal values 
of plasma growth hormone (peak response >20 
ng/ml after insulin hypoglycaemia), and normal 
cortisol secretion (11-OHCS rose from 10 to 16 
ug/100 ml in the same test). Levels of T4 were 
repeatedly found to be in the low to normal range: 
4:9 to 6-9 ug/100 ml (63 to 89 nmol/l), normal 
4-7 to 11:6 ug/100 ml (61 to 151 nmol/D, and the 
181T uptake was slightly low (13% at 24 hours). At 
age 1 9/12 years the TSH response to TRH was 
normal (7:3 to 16:2 wU/ml) but on two later 
occasions it was fairly low (1:5 to 3:6 and 1:8 to 
7 U/ml). In tests performed between 2 3/12 and 
4 years, the response of plasma LH. to intra- 
venous LH—RH (50 ug/m*) was adequate, but the 
FSH rose from normal basal levels to high levels of 
4-1, 4-5, and 7:8 mU/ml (normal values for pre- 


Table Prolactin secretion in a child with obesity and 
enlarged testes 


Test Age (months) Prolactin (ng/ml) 
Basal Peak 
Basal levels 19 to 43 2:5:3.0; 1.3 = 
0,1-4;4-4 
TRH* 19 2.9 4.5 
TRH* 39 2:3 2-8 
ITT -TRHt 46 07 1-2 
Metoclopramidet 39 1-5 3.8 
Metoclopramide** 46 0 1-5 
Metoclopramide** 46 0 3-8 





*100 g/m? intravenously; tintravenous insulin 0-1 U/kg, Intravenous 
TRH 200 ng/m?, $15 mg orally; **10 mg intramuscularty, 
ITT = insulin tolerance test. 


pubertal boys in our laboratory are up to 3 mU/ml). 
There was also an exaggerated response of plasma 
testosterone to the administration of human 
chorionic gonadotrophin (1500 units x 3, given on 
alternate days) with levels rising from 19 to 300 
ng/100 ml; 0-6-10-5 nmol/l (normal values for pre- 
puberty in our laboratory are up to 180 ng/100 ml; 
6:3 nmol/D. The most striking endocrinological 
finding was tbe very low secretion of prolactin 
(determined by radioimmunoassay) as shown in 
repeated tests (Table). After stimulation, a normal 
response is a rise of plasma prolactin of at least 
10 ng/100 mi, in most instances >15 ng/100 ml. 

The father, mother, and the younger brother of 
our patient were slightly obese, with normal blood 
glucose levels. Their plasma T4 levels were 7-4, 
8:6, and 10-4 ug/100 ml (96, 114, 135 nmol/D), the 
peak TSH levels after TRH were 14:5, 19, 22:5 
“U/ml, and the peak prolactin levels in the same 
test were 22-8, 38-8, and 20 ng/100 ml respectively— 
that is normal values. 


Discussion 


The child we describe proved to have a clear 
deficiency of prolactin, as shown by stimulation 
tests aimed at the hypothalamic level (hypo- 
glycaemia), the pituitary level (TRH), and both 
levels (metoclopramide). The endocrinological in- 
vestigation showed that prolactin was the only 
pituitary hormone lacking, although a slight 
disorder along the TSH axis was suspected. 
Testicular enlargement with primary hypo- 
thyroidism associated with hyperprolactinaemia is 
a well known syndrome.‘ In our case it was interest- 
ing to find an enlargement of the testes associated 
with thyroid function in the low to normal range, 
and hypoprolactinaemia. The response of testo- 
sterone to human chorionic gonadotrophin showed 
that this enlargement was a result of early testicular 
activation, probably due in turn to early activation 
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of the gonadostat, as shown by the greater response 
of FSH to LH—RH. 

A connection between obesity and disturbances 
of circadian rhythm of prolactin has been reported 
in women,° but it is difficult to judge the relevance 
of this observation to our case. 

While the obesity with bulimia and the early 
gonadal activation point to a hypothalamic dis- 
turbance, the low prolactin and, perhaps, the TSH 
response to TRH would more logically point to- 
wards a pituitary disorder, the lactotrophic cells 
being either absent or unresponsive. As it is un- 
likely that the hypothalamic and the pituitary 
disorders are not interrelated, it is tempting to 
explain the low pituitary prolactin secretion as 
originating from a hypothalamic disturbance. 
There are several possibilities. (1) A deficient TRH 
secretion. A high and delayed TSH response to 
TRH would have been expected as is usual in 
hypothalamic disturbances, but the contrary was 
observed in our patient. (2) An excessive prolactin 
inhibitory factor (dopamine) secretion. The lack of 
significant rise of prolactin after the potent anti- 
dopaminergic agent metoclopramide argues against 
this possibility. (3) A deficient secretion of the still 
hypothetical prolactin releasing factor. (4) A 
developmental defect of lactotrophic cells due to a 
fetal hypothalamic disturbance. The early onset of 
the disorder fits this possibility but the normal 
prolactin secretion found in anencephaly? makes it 
less likely. (5) In view of the known central nervous 
system actions of TRH and its wide distribution 
in the brain, it may serve as a central neurotrans- 
mitter.’ Its high concentration in the hypothalamus 
suggests that it could act directly on the hypo- 
thalamic centres. It could be that in our patient the 
receptors mediating such action are defective, 
together with similar receptors mediating the TRH 


action on the pituitary cells secreting prolactin and 
TSH. 

The high birthweight, large testes, and slight 
mental retardation suggest a possible relationship 
between the syndrome described and the reported 
X-linked syndrome of mental deficiency and megalo- 
testes. However, obesity is not generally a feature 
of this syndrome and no clear endocrine disturbance 
was found; the prolactin secretion has yet to be 
determined. 

In conclusion this child appears to T features 
of a hypothalamic-pituitary syndrome , hitherto 
undescribed. 
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A retrospective study of phenobarbitone as an adjunct 
to phototherapy in rhesus haemolytic disease in the 
newborn. R. Alvez and J Osborne. Department of 
Paediatrics, Southmead Hospital, Bristol. 


The efficacy of phenobarbitone, in addition to photo- 
therapy, in preventing hyperbilirubinaemia due to 
rhesus haemolytic disease was investigated in a 
etrospective study of 115 uncomplicated cases. The 
selection of treatment has varied with current trends 
and has not depended on the expected severity of the 
disease. Phenobarbitone was given to the mother 
alone (60 mg orally three times a day for at least 14 
days before delivery), or to the mother (as before) 
and the baby (5 mg/kg per dose given intra- 
muscularly twice a day until the bilirubin level fell 
below 170 mol/l; 9-9 mg/100 ml), or to neither the 
mother-nor the baby. The 115 cases were not com- 
parable in severity. No significant difference was 
detected in mean maximum bilirubin or the number 
of exchange transfusions required. Random selection 
of equal numbers of severe, moderate, and mild cases 
for each treatment group provided 90 comparable 
cases. There was still no significant change in the 
mean maximum bilirubin concentration or the 
number of exchange transfusions required. Com- 
bining the two treatment groups did not affect the 
results. À prospective controlled trial of pheno- 
barbitone as an adjunct to phototherapy in the 
treatment of rhesus haemolytic disease is justified. 


Serum 25-hydroxy-vitamin D (25-OHD) and 1,25- 
dihydroxyvitamin D (1,25 (OH);D) after vitamin D 
administration during the first week of life in pre- 
mature infants. L David, E Delvin, F Glorieux, G 
Putet, and B L Salle. H6pital Edouard Herriot, 
Neonatal Department, Lyon, France, and McGill 
University, Shriners Hospital Genetics Unit, 
Montreal, Canada. 


In order to evaluate vitamin D intestinal absorption 
and activation by the liver and the kidney in pre- 
term infants we studied two groups of 7 preterm 
infants (gestational ages 32-36 weeks, birthweights 
1600-2250 g); group 1 was a control group and group 
2 received a daily oral dose of 60 ug vitamin D3 


from 3 to 120 h after birth. Serum samples were 
obtained at 1-2 and 120 h. There were no differences 
in serum calcium, phosphorus, or parathyroid 
hormone between the two groups. At 1-2 h serum ` 
25-OHD was 8-3+4 ng/ml (mean and SD), and 
125 (OH),D 39-3+12-4 pg/ml (mean and SD) 
(n — 11). In the control group 25-OHD remained 
low 7:8--4-7, and 1,25 (OH),D increased slightly to 
56:4 4-22-3 (P 0-5). In group 2, 25-OHD, increased 
to 29:31-7.2 (P<0-001), and 1,25 (OH),D to 
154-4+43 (P<0-001). 

These data indicate that vitamin D in preterm 
infants is adequately absorbed in the gut and is 
hydroxylated in the liver and the kidney. 


Role of aldosterone for full development of renal 
sodium homeostasis. A Aperia, L Larsson, and R 
Zetterstróm. Department of Paediatrics, St Góran's 
Children's Hospital, Stockholm, Sweden. 


The importance of aldosterone for the control of salt 
balance was examined in preterm infants (gesta- 
tional ages 28-34 weeks) and. in term infants. The 
postnatal age varied from 2 to 21 days. The sodium 
excretion was significantly higher in preterm infants 
than in term ones during the first 6 days of life. 
During the first week of life the sodium balance 
was negative in preterm infants and positive in 
term ones. Aldosterone excretion was high during the 
first week of life and increased still more between the 
second and third week of life both in preterm and 
term infants. The correlation between aldosterone 
excretion and urinary potassium/sodium quotient 
was 0-87 in term infants, 0:57 in preterm infants 
aged 13-20 days, and was nonexistent in preterm 
infants aged 2-10 days. Those observations suggest 
that the high excretion in newborn preterm infants 
can partly be explained by a lack of response to 
aldosterone at this developmental stage. It is also 
suggested that aldosterone influences the develop- 
ment of sodium reabsorption by inducing the 
formation of sodium potassium activated ATP-ase. 
Those hypotheses were examined further in 
experimental studies on developing rat kidneys. The 
outer cortex of 8-day, 24-day, and 40-day-old rats 
was studied with regard to ATP-ase content, 
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structural development (by electron microscope), 
and functional development (by micropuncture). 
The structural and functional development of the 
superficial nephrons in te rat kidney between 24 and 
40 days will correspond to the overall renal develop- 
ment in infants between the 30th postmenstrual 
week and the first year of life. It was found that the 
A'TP-ase content of proximal tubular cells increased 
linearly between 8 and 40 days of age. The induction 
of ATP-ase could be accelerated by steroid 
hormones, but aldosterone was by far the most 
potent inductor. 


Postnatal development of renal function in preterm and 
term infants. A Aperia, O Broberger, P Herin, and 
R Zetterstróm. Department of Paediatrics, St 
Góran's Children's Hospital, and Huddinge Hospital, 
Stockholm, Sweden. 


This study was designed to examine the effect of 
gestational age on the immediate postnatal develop- 
ment of renal function. Term infants were compared 
with infants of gestational ages <34 weeks. This 
limit was chosen because earlier studies had implied 
that renal functional development was accelerated 
between the 34th and the 36th gestational week, an 
acceleration which coincides with the completion of 
nephrogenesis. One of the main purposes of this 
study was to find out if thestructural immaturity that 
exists before the 35th or 36th week of life predisposes 
to a functional heterogeneity. À secondary purpose 
was to find out if a functional heterogeneity could 
have any importance for the homeostatic properties 
of the kidney. For this reason 3 aspects of renal 
function were determined: glomerular filtration rate, 
B-2-microglobulin reabsorption representing a single 
tubular transport process, and sodium excretion 
representing an important homeostatic function of 
the kidney. The results show that the glomerular 
tubular balance differs greatly between preterm and 
term infants, at least during the first 3 weeks of life. 
This implies that the homeostatic properties of the 
kidney will, at least during the first 3 weeks of life, 
differ between preterm and term infants. 


Lung mechanics in preterm newborn rabbits aiter 
antenatal treatment with terbutaline or hydrocortisone. 
U Freyschuss, B Bergman, G Grossmann, T Hedner, 
R Nilsson, and B Robertson. Department of Clinical 
Physiology, Karolinska Institute, Serafimer Hospital, 
Department of Paediatric Pathology, Karolinska 
Institute, and Department of Clinical Pharmacology, 
sahlgrenska Hospital, Gothenburg, Sweden. 
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There is now evidence that terbutaline! a B 
adrenergic agonist, inhibits the secretion jof fetal 
lung liquid and induces release of surfactant phos- 
pholipids in the premature fetus. We wished to find 
out how antenatal treatment with terbutaline or 
hydrocortisone affected the in vivo lung mechanics 
of preterm newborn rabbits. 

Rabbit fetuses were delivered on day 28 of 
gestation: group 1, three hours after receiving intra- 
muscular injection of terbutaline 0-1 mg in 0-1 ml 
saline or saline only, group 2 after intramuscular 
injection of 2 mg hydrocortisone or the vehicle 2 days 
before delivery. The fetuses were tracheotomised 
and pneumotachograms and  intracesophageal 
pressure were recorded during spontaneous 
breathing. The recordings were made during the first 
breath and subsequently at 15, 30, 60, and 120 
minutes after delivery. 

Animals treated with terbutaline had bigger tidal 
volumes and increased dynamic compliance 15-30 
minutes after birth, whereas steroid-treated animals 
had bigger tidal volumes only and these were during 
the first breath and after 60 minutes. The improve- 
ment of lung mechanics in terbutaline-treated 
animals was accompanied by increased lecithin/ 
sphingomyelin ratio in Jung wash. 


Lung volumes and lung mechanics in babies born 
vaginally and by elective and emergency lower segment 
caesarean section. A. W Boon, I E Hopkin,.and A D 
Milner. Department of Neonatal Medicine and 
Surgery, City Hospital, Nottingham. 


Serial measurements of lung volumes and lung 
mechanics were made within the first 3 days of life 
in a group of 56 babies. 31 of the babies were born 
by vaginal delivery, 15 by lower segment caesarean 
section (LSCS) where labour had not been estab- 
lished (elective LSCS), and 10 by LSCS in established 
labour (emergency LSCS). 

The study confirmed the striking differences in the 
thoracic gas volumes between babies born vaginally 
and by elective LSCS.! The babies born by emergency 
LSCS formed an intermediate group. Corresponding 
differences were seen in the lung mechanics of the 
three groups. By the age of 48 hours the differences 
in lung volumes and lung mechanics had disappeared. 

It is concluded that both labour itself and passage 
down the birth canal promote the clearance of fetal 
lung liquid. 
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Evaporative and nonevaporative heat loss of low 
birthweight infants in a metabolic chamber and in a 
convection incubator. A Okken. Department of Paedi- 
atrics, University Hospital, Groningen, Holland. 


Oxygen uptake (Vo,), insensible water loss (IWL), 
and the storage of heat in the body (H,) were 
measured simultaneously in low birthweight infants 
in a metabolic chamber and in a single-walled 
convection incubator. Total heat loss, evaporative 
heat loss, and nonevaporative heat loss were 
calculated from Vo, IWL, and H,. Paired data were 
obtained from infants in the metabolic chamber and 
in the convection incubator. Measurements were 
taken for 29 infants. 

In most infants total heat loss was greater in the 
convection incubator than in the metabolic chamber. 
The increase in total heat loss was almost entirely 
due to the increase in evaporative heat loss. Sur- 
prisingly, there was very little increase in non- 
evaporative heat loss in the infants in the convection 
incubator despite the relatively cold incubator walls. 
A study is now being undertaken to assess the 
influence of wall temperature of the convection 
incubator on heat loss of thelow birthweight infants. 


Methods for reducing water loss in low birthweight 
babies—a comparison of two methods. J Brice, D 
Hull and N’ Rutter. Department of Neonatal 
Medicine and Surgery, City Hospital, Nottingham. 


The importance of keeping low birthweight babies 
warm has often been stressed. Previous studies have 
shown a high insensible water loss through the skin 
in the preterm very low birthweight neonate. This 
water loss represents a considerable evaporative 
heat loss. The application of soft paraffin to the skin 
‘waterproofs’ the babies and reduces this high 
insensible water loss. The effectiveness of regular 
paraffin applications was compared with the use of 
a plastic ‘thermal blanket’ in reducing insensible 
water loss. 44 very low birthweight («1:5 kg) babies 
were placed alternately in one of two treatment 
groups. The paraffin group received 6-hourly 
applications of paraffin to their whole bodies. The 
thermal blanket group were nursed continuously 
under the blanket, so far as this was possible. Each 
group was nursed in incubators and studied for 2-4 
weeks from birth, and treatment was otherwise 
similar. Temperature control, fluid balance, weight 
loss/gain, and clinical progress were carefully 
monitored. 

In babies «1 kg the paraffin group had better 
temperature control, and this was just statistically 
significant. Temperature control in the heavier babies 


was comparable in both groups, and other measures 
of morbidity and mortality were similar. The only 
complication noted from paraffin application was 
a higher incidence of benign neonatal urticaria. 

Paraffin application to the skin is simple and may 
have a useful place in reducing insensible water loss 
and improving temperature control in the very low 
birthweight neonate. 


Mucosal receptors for IgA in the breast-fed neonate. 
S A Roberts and G Wincup. Paediatric Department 
and Neonatal Unit, John Radcliffe Hospital, Oxford. 


Lysozyme, IgA, lactoferrin, and carbonic anhydrase 
levels in the milk of mothers of preterm and term 
infants. O G Brooke, N D Carter, C M West, and 
C Wood. Department of Child Health, St George's 
Medical School, London. i 


It has been reported! that gross levels of nitrogen in 
the milk of mothers of preterm infants are signif- 
cantly higher than in the milk of mothers of term 
infants. We have assayed milk samples for IgA, 
lysozyme, and lactoferrin (all proteins with anti- 
infective properties), and for carbonic anhydrase (a 
zinc-containing enzyme). 

Milk samples were obtained from 14 mothers of 
preterm babies between the 4th and 36th day post- 
partum, and were compared with milk from 19 
mothers of babies born at term at similar stages of 
lactation. 

The Table gives the mean concentrations of 
lysozyme, IgA, lactoferrin, and carbonic anhydrase 
in milk after the 5th day postpartum. IgA was 
measured as a % of a standard of pooled colostrum. 
There was no significant difference in the levels of 
these proteins between the milk from mothers of pre- 
term infants and the milk from the mothers of term 
infants. 

We conclude that the increased nitrogen content 
of the milk of preterm mothers is not reflected by 
increases in anti-infective proteins. 








Table 

Preterm Term 
Lysozyme (ug/ml) 121-9 + 113-6 208-0 + 186.0 
IgA CO 5.9423 5.7 4+ 3.8 
Carbonic anhydrase (ug/ml) 1-3 + 0-6 15 + 1-2 
Lactoferrin (94) 16.5 + 7-4 14-8 + 4-2 
Se Nf ec ae Ie rE Le 
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Incubator cover. A R Newson and V Pucholt. 
Department of Neonatal Medicine and Surgery, City 
Hospital, Nottingham. 


Delay in diagnosing a significant pneumothorax and 
the subsequent delay in its prompt treatment 
constitutes a major hazard to the newborn. Diagnosis 
on clinical grounds can be difficult, and conventional 
x-ray methods have several disadvantages. 

Recognition of pneumothorax by transillumina- 
tion is an attractive alternative.-? It appears to be 
reliable, it is fairly economical, it does not disturb 
the baby, it avoids irradiation, and the result is 
known immediately. However, two requirements 
have to be satisfied: a source of bright light, such as 
fibreoptic light which is applied to the baby's chest, 
and adequate darkness surrounding the baby. The 
latter may be difficult to obtain during the day. Lack 
of sufficient darkness around the baby not only limits 
the use of transillumination but also makes it 
unreliable. 

For this reason a light-excluding incubator cover 
was designed and produced. It can be placed quickly 
over the incubator. It gives almost complete darkness 
around the baby, making transillumination a quick 
and reliable way of diagnosing pneumothoraces at 
any time. 
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Environmental factors and neonatal septicaemia. R 
Bennet, M Eriksson, and R Zetterstróm. Department 
of Paediatrics, St Góran's Children's Hespital, 


Stockholm, Sweden. 


Neonatal septicaemia is still a serious condition, and 
in the maternity hospitals referring babies to St 
Goran’s Children's Hospital the incidence has 
increased from 1:4 per thousand in 1969-73 to 3:1 
per thousand in 1974-8. The two 5-year periods 
were compared with respect to causative organisms 
and perinatal risk factors. No major difference could 
be found in the pattern of bacterial infection./During 
both periods most of the infants had several peri- 
natal risk factors. Nosocomial risk factors were also 
considered in relation to the care routine. It was 
found that bacterial colonisation took place very early 
and was not influenced by environmental factors such 
as intensive care or increased admission rate. 
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Research ethics 


Sir, 

The councils of the Medical Protection Society and the 
Medical and Dental Defence Union of Scotland have 
considered the guidelines which emanated from the 
Working Party set up by the British Paediatric Associa- 
tion. In the opinion of both councils these guidelines 
constitute a most valuable contribution towards the 
solution of the problem of the apparent conflict between 
the rights of the individual child and the need for paedia- 
tric research in the interests of all children. 
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Water intoxication by the oral route 
in an infant 


Sir, 

We read with interest the Short Report by Etzioni et al.! 
and we wish to say that cystic fibrosis can resemble 
water intoxication in infants, especially in countries with 
warm climates—such as Greece and Israel. During the 
last 16 years 10 infants with cystic fibrosis have been 
admitted to our unit with hyponatraemia and hypo- 
chloraemia. 

A typical case report concerns a 27-month-old girl, born 
after a normal pregnancy and delivery, the third child of 
the family. The first child had developed vomiting and 
dehydration at age 13 months and died in hospital within 
5 hours of the onset of the illness. His development had 
been normal (weight 13 kg, 97th centile). The second 
child, likewise of normal development, had died suddenly 
in a private clinic at age 3 months with a presumptive 
diagnosis of septicaemia. The third child thrived until 
14 months old when she suddenly developed vomiting, 


lethargy, and convulsions. Examination showed a well- 
nourished child who reacted weakly to painful stimuli and 
was unconscious for short periods. The following 
investigations were normal: haemoglobin, cerebrospinal 
fluid, urine microscopical examination, urinary chloride, 
blood, throat, urine, and stool cultures, blood sugar, 
serum phosphorus, serum bicarbonate, and serum 
potassium—the last two on many occasions. 

Abnormal investigations were: calcium 7-8 mg/100 ml 
(1-9 mmol/l), serum sodium 118-128 mmol/l, and serum 
chloride 62-85 mmol/l on four occasions, white cell count 
12-5-20-0 x 10°/1 on 3 occasions with an increased 
polymorph count. 

The infant was treated with intravenous 0-9% isotonic 
sodium chloride, hydrocortisone, and antibiotics. She 
improved in 24 hours and started extra salt by mouth. 
Hydrocortisone was stopped. She was discharged after 
one week taking only added salt by mouth. Serum 
electolytes were normal. No firm diagnosis had been made. 
For 4 months she remained well on salt which was then 
stopped. Eight months later, at 27 months, she again 
presented with the same sudden clinical picture of 
vomiting, dehydration, and collapse. Biochemical 
findings and treatment were the same as on the first 
admission. Sweat tests were abnormal (sweat chloride 100 
and 120 mmol/l), and a diagnosis of cystic fibrosis was 
made (2 further sweat tests a year later were abnormal 
also). 

The patient is now 16 years old and takes extra salt by 
mouth without pancreatic enzymes. She has had no 
further problems. 

We suggest that Etzioni et al. did not exclude in their 
patient the possibility of an atypical presentation of 
cystic fibrosis, In well-nourished infants with unexplained 
hypochloraemia, cystic fibrosis should be excluded. 
Barbero and Sibinga? reported a 5-year-old patient who 
presented for the first time with hypochloraemia. Pan- 
creatic enzymes in their patient were normal, but sweat 
tests were not. 
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Dr Etzioni and Dr Benderley comment: 


We agres with Lapatsanis et al. that cystic fibrosis should 
be included in the differential diagnosis of unexplained 
hypochloraemia. On the other hand, we do not think that 
one should exclude cystic fibrosis in cases of water 
intoxication, as Was Our case. 

In the case reported by Lapatsanis et al., and in the case 
reported by Barbero and Sibinga,! the patients suffering 
from cystic fibrosis who showed hyponatraemia and 
hypochloraemia also had severe dehydration. The reason 
for the hyponatraemia was excessive loss of fluids 
containing large amounts of salt. 

In water intoxication the situation is the opposite. These 
children are overhydrated and not dehydrated. While 
correcting abnormal electrolytes in our patient, she also 
lost 595 of her body weight. She had dilutional hypo- 
natraemia. 

Thus, when dealing with hyponatraemia and hypo- 
chloraemia in patients suffering from water intoxication, 
* one does not have to rule out cystic fibrosis if the patient 
is overhydrated and not dehydrated. 
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Effect of puberty on rates of bone 


growth and mineralisation 

Sir, 

In their recent paper Krabbe et al. described a prolonged 
acceleration of bone mineralisation in girls and boys 
towards the end of their pubertal growth spurt in height 
and after it. The data on which this finding rests were 
obtained by measuring bone mineral content in the 
forearm. As growth in width (or cross-sectional area) of 
the long bones is considerably slower by that time,? it 
seems reasonable to suggest that most of the increase in 
bone mineral content is due to a greater degree of 
mineralisation (or mineral density) of bone tissue. 

To explain the prolonged increase in bone mineral 
content Krabbe et al invoked the action of several 
hormones, but I feel this 1s not quite correct. In periods of 
rapid growth—such as during the pubertal growth 
spurt—bone tissue turnover is high, as shown by the 
high level of plasma alkaline phosphatase? which indicates 
an increased rate of bone formation, and the high rate of 
excretion of hydroxyproline,* which indicates in- 
creased bone resorption. This increased formation 
and resorption of bone and the pubertal growth 
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spurt all depend on the change in endocrine activity 
which is the hallmark of puberty. However, the 
prolonged increase in bone mineral content occurs at the 
end of the period of increased turnover and beyond it and 
therefore must be caused by a different mechanism. 

When bone turnover is high, a large proportion of the 
bone tissue consists of new, incompletely mineralised 
lamellar bone of low mineral density.»-9 After growth in 
stature is complete, rates of bone accretion and resorption 
diminish sharply, and the mineral density of the' bone 
gradually increases by secondary mineralisation of the 
incompletely mineralised new bone." This process is 
responsible for the increase in bone mineral content. It is 
dependent on the physicochemical properties of bone 
matrix and bone mineral, and there is no evidence that 
bone mineral content increases by the action of endocrine 
substances in the manner suggested by Krabbe et al. 
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Dr Krabbe and co-workers comment: 


We thank Dr Steendijk for his interest in our paper.) His 
main point is that the prolonged phase of accelerated 
mineralisation that follows the pubertal growth spurt is 
determined by local factors—that is the physicochemical 
properties of bone matrix and bone mineral. Teleo- 
logically, this view 1s a very restricted one. In our 'opinion 
it is not likely that local bone factors alone take care of the 
intense mineralisation of the entire skeleton. Móre than 
half of all the minerals finally deposited in the skeleton 
have to traverse the blood stream within the relatively 
few years after the pubertal growth spurt. This task, 
ideally, should be governed by one hormone which 
produces the bone matrix and keeps the supply of minerals 
at a suitably high level. In a forthcoming paper we present 
a unifying concept of bone growth and mineralisation, and 
describe blood mineral homeostasis during childhood and 


656 Correspondence 


Mineralised $ 
i —ÓÁ—MMÀ 
bone moss Ca x pt 


RE f 


| 1 AX 
Cartilage and 
bone matrix | TRCo4 1ACa4 1AP4 TRP 4 
1 
! Y 





SM$ "e. Prud — 125-090,0.! 





GH 


Figure A unified concept of the main actions involved 
in blood mineral homeostasis and bone formation 

and mineralisation during childhood (A) and adolescence 
(A+B). 


GH = growth hormone, SM == somatomedins, PTH = paratbyroid 
hormone, 1,25{OH)D; = 1,25-dihydroxy-vitamin D3, TRCa and 
TRP = tubular reabsorption of calcruam and phosphate, IACe 
and [AP » intestinal absorption of calcium and phosphate, and 
Ca x P = calcium x phosphate ion activity product in plasma. Lines 
indicate stimulation and the dashed lines inhibition. 


adolescence (S Krabbe ef al, in preparation). We 
consider growth hormone is the true endocrine governor 
of enchondral and periosteal bone growth and of 
endosteal remodelling, as well as of mineralisation 
(Figure). Growth hormone maintains the calcium x 
phosphate ion activity preduct at a suitably high 
level as long as it delivers bone matrix for mineralisa- 
tion at an accelerated rate. This concept is based on 
recent observations that strongly suggest direct stimu- 
latory actions of growth hormone on the parathyroids? 
as well as on the production of 1,25-dihydroxy-vitamin 
Ds.?-5 As gonadal hormones seem to promote growth 
hormone secretion,®-’ we now believe that they exert 
their main promoting action on adolescent bones and 
blood minerals through this mechanism. They may also 
promote periosteal bone formation, either directly or 
through promotion of skeletal muscle development. We 
ask you to consider this as a preliminary presentation of 
our unifying concept as it is impossible within the limited 
space of a letter to refer adequately to most of the clinical 
and experimental evidence on which the concept is 
founded. 

Dr Steendijk also comments on the interpretation of 
the declining levels of serum alkaline phosphatases after 
the growth spurt. We have discussed this phenomenon in 
greater detail recently. It seems likely that this decline 
reflects two opposite changes, at least initially. (1) A 
striking reduction of enchondral bone growth, probably 
caused by a direct action of gonadal hormones on the 
epiphyseal growth plate. (2) A moderate increase in 
periosteal bone formation. We thought that this might 
result from a direct action of gonadal hormones on the 
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conversion of periosteal fibroblasts into osteoblasts.? 
However, in the light of our unifying concept this action' 
may well be exerted through the stimulation of growth 
hormone secretion. In the adult dog? and man!? growth 
hormone is known to promote periosteal bone formation. 
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Prevention of adult height and 


bone mineral deficits in delayed 


male puberty with short stature 


Sir, 

In a recent paper! we demonstrated that the pubertal 
surge of testosterone secretion coincided with a height and 
mineralisation spurt in normal boys. Subsequently, the 
height velocity slowed down while bone mineralisation 
continued at a high rate, at least until age 20 years. In the 
absence of a sizeable increase in serum testosterone, as in 
delayed puberty with short stature, the spurts did not 
appear. At the same time Martin et al? consolidated 
scanty observations indicating that testosterone, endo- 
genous as well as exogenous, stimulated growth hormone 
secretion 1n this condition. They also commented upon 
the final height reached by such boys, stating that this was 
usually less than expected. Thus, these boys appeared to 
have lost linear growth potential in an irreversible 
manner. As the growth hormone stimulating action of 
testosterone appears to cease after adolescence,? Martin 
et al? suggested a more aggressive approach to the 
treatment of male delayed puberty associated with short 
stature. 

In the above letter we present a unifying concept 
strongly suggesting that growth hormone governs bone 
growth as well as the delivery of calcium and phosphate 
for optimal mineralisation. We also suggest that test- 
osterone, in part at least, exerts its actions on bone 
growth and mineralisation through its stimulatory action 
on growth hormone secretion. The clinical and experi- 
mental evidence for this concept will be presented 
(S Krabbe, I Transbgl, C Christiansen, in preparation). 
We certainly agree with Martin ef al.* who suggested that 
to achieve normal adult height in this ‘syndrome’, or 
extreme variant of normality, treatment has to be 
initiated earlier than usual, probably as early as age 13 
or 14 years. Although we have no data on the bone 
mineral content of adult males who have undergone 
delayed puberty, we suggest that earlier treatment may 
also serve to prevent subnormality respecting the ultimate 
storage of bone mineral. Although probably unimportant 
during the first decades of adult life such a deficit may 
reach clinical significance during senescence. 
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Congenital absence of the sternum 
Sir, | 
In response to the request made by Dr Haque’ I report a 
further case. | 

A baby girl weighing 3-84 kg was born on 13 September 
1970 to an apparently healthy primigravida aged 23 
years. Labour was induced at 42 weeks’ gestation and 
there was some hydramnios. The baby was normal apart 
from complete absence of the manubrium sterni and 
upper part of the body of the sternum. Aortic pulsation 
could be seen through the skin and herniation of the lung 
occurred when the baby cried. There were no respiratory 
problems, she fed normally, and her developmental 
progress was entirely normal. She was followed up until 
age 4 years during which time her growth was normal. 
Follow-up ceased because her family moved to another 
area. Her mother gave birth to a normal boy 2 years later. 
The mother's weight and blood count were normal and 
there was no suggestion that she had any nutritional 
deficiency. I do not know the aetiology in this case. 
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The place of noninvasive methods 
in the diagnosis of acute scrotum 
in newborns 


Sir, | 

Iread with interest the paper by Hitch et a/.1 The dilemma 
that faces one when dealing with patients in this category? 
has been reduced by routine use of the cord and scrotal 
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Doppler flowmeter examination The possibility of 
using a noninvasive procedure to differentiate easily and 
accurately between ischaemic and nonischaemic testicular 
lesions is welcomed, and this method should soon 
become indispensible in cases of acute scrotum; it 
would certainly help to avoid unnecessary urgent 
operations in newborn infants and children. 
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Dr Hitch and co-workers comment: 


Neonatal testicular torsion mandates early recognition 
and surgery if hormonal secretion, let alone spermato- 
genesis, is to follow. We believe that neonatal testicular 
torsion is recognisable and with the advent of testicular 
scanning’ it can easily be verified. Our preliminary 
experience with Doppler flow studies has been less 
encouraging. Further experience with these techniques 1s 
needed. 
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Continuous sodium valproate or 
phenobarbitone in the prevention of 
‘simple’ febrile convulsions 

Sir, 

Ngwane and Bower concluded their recent paper? with 


the recommendation that any child below age 18 months 
who presents with febrile convulsions should be treated 
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with either sodium valproate or phenobarbitone, but 
analysis of their paper gives only meagre evidence in: 
support of this proposition. A recurrence rate of 1 in 18 
for sodium valproate compared with 7 in 21 for the 
‘untreated’ group, when the necessary correction for 
small numbers is applied, gives y = 3:1 which is not 
significant (admittedly, Fisher’s exact test gives P = 0-03 
which 1s significant), No statistical test is given for the 
difference between a recurrence rate of 4 in 21 for the 
phenobarbitone group and 7 in 21 for the untreated 
group; in fact, with the correction for small numbers, 
x! = 0-49 which is not significant (and the exact test 
gives P = 0-16 which is also not significant). Moreover, 
an incidence of 7 recurrences out of 21 cases in the 
untreated group might be thought atypically high. Five 
recurrences out of 20 would be more in keeping with 
common experience, in which case the difference in 
favour of the phenobarbitone group for practical 
purposes vanishes completely. 

Do these results really suggest that in preventing . 
recurrence of simple febrile convulsions, either treatment 
(sodium valproate or phenobarbitone) 1s better than none? 
Perhaps this 1s so for sodium valproate, but for pheno- 
barbitone a more scientiflc conclusion would surely be 
‘not proved’? 


Reference 
1 Ngwane E, Bower B. Continuous sodium valproate or 
phenobarbitone in the prevention of ‘simple’ febrile 
convulsions. Comparison by a double-blind trial. Arch 
Dis Child 1980; 55: 171-4. : 


H McC Girzs 
Department of Paediatrics, 
Selly Oak Hospital, 
Birmingham B29 65D. 


Dr Ngwane and Dr Bower comment: 


When we applied a strict definition of 'simple' febrile 
convulsions in an attempt to obtain a uniform popula- 
tion, thereby reducing the numbers from 265 to 64, we 
realised that the small numbers would invite statistical 
argument. Nevertheless, we maintain that our recom- 
mendation that any child below age 18 months who 
presents with a febrile convulsion should be treated with 
either phenobarbitone or sodium valproate is validated 
by our results. We showed that the results for all treated 
subjects were statistically superior than for the untreated 
group (P<0-05). The treatment was either phenobarbi- 
tone or sodium valproate, administered in a double-blind 
manner, and the results were similar in the two treatment 
groups. We agree that the difference between the results 
in the phenobarbitone and untreated groups is not 
significant, nor did we claim the contrary. There is strong 
evidence from previous work (discussed in our article) 
that phenobarbitone is more effective than nothing, and 
our trial was designed to discover if sodium valproate was 
as effective as phenobarbitone. Dr Giles surely has his 
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tongue in his cheek when he attempts to abolish statistical References | 


"lir NS š | 
significance by substitution of a hypothetical number of , Wallace S J. Recurrence of febrile convulsions. Arch Dis 


recurrences for those which actually occurred. In fact, the Child 1974: 49: 163-5 

recurrence rate in our patients was the same as that for 1 Wallace S J, Aldridge Smith J. Successful prophylaxis 
‘simple’ febrile convulsions in Wallace's series. against febrile convulsions with valproic acid or pheno- 

If he remains unconvinced of the efficacy of the two barbitone. Br Med J 1980; 1: 3534. 

drugs perhaps the results of the larger series of Wallace 

and Aldridge Smith* will help to convince him. Admit- E NGWANE AND B BOWER 
tedly in that study patients were chosen with defined 'at Department of Paediatrics, 
risk’ factors which, with the exception of young onset, we John Radcliffe Hospital, 


excluded. Nevertheless their results are similar to ours. Headington, Oxford 0X3 9DU 
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Anaesthesia for Children, including Aspects 
of Intensive Care. By T C K Brown and 
G C Fisk. (Pp. 439: illustrated + tables. 
£29.50 hardback.) Blackwell: Oxford. 
1979. 


This book is based on the strong founda- 
tions of paediatric anaesthesia in Australia 
created by Dr Margaret McClelland and 
Dr John Stocks, notably in Melbourne. 

The brief and helpful introductory 
chapters concern anatomy, physiology, 
and pharmacology; these are followed by 
accounts of anaesthetic apparatus, and 
intravenous and monitoring equipment. 
There is an excellent chapter ‘The child in 
hospital’, which complements a brief 
account of the preoperative preparation 
and premedication of the patient, and a 
later account of particular medical 
diseases in children which are relevant to 
anaesthesia. 

The general principles of the manage- 
ment of babies and children undergoing 
anaesthesia are clearly explained, and 
there are chapters devoted to all the sub- 
specialties within anaesthesia. Special 
problems— such as burns, the manage- 
ment of fluid, electrolyte and acid-base 
disturbances, regional and local anaes- 
thesia, hypothermia, induced  hypo- 
tension, and day-case surgery are described 
also. The chapters concerning inten- 
sive care in children are selective and 
consider only intravenous nutrition, acute 
respiratory failure, and poisoning. 

The book is highly readable and infor- 
mative; there is no superfluous material 
and references have been kept to a mini- 
mum. This has meant that the account in- 
variably reflects the authors’ own practice 
and preferences and there is not a lot of 
scope to describe or discuss alternauves. 
However, the result is a superb and concise 
account of modern paediatric anaesthesia 
with many excellent accompanying 
illustrations and it should be in the 


possession of every anaesthetist. 
A P ADAMS 


Diagnosis and Management of the Fetus 
and Neonate at Risk. A Guide for Team 
Care, fourth edition. By S G Babson, 
M L Pernoll, and G I Benda, assisted by 
K Simpson. (Pp. 345; illustrated + 
tables. £15-50 hardback.) Mosby: St 
Louis. 1980. 


This 1s the fourth edition of a book 
published first in 1966 and last in 1975. 
The authors, two paediatricians and one 
obstetrician, with the assistance of a 
neonatal nurse, emphasise the need for a 
team approach to perinatal care and 
express the hope that, in particular, the 
book will help to guide physicians and 
nurses working in community hospitals 
(the USA equivalent to our district general 
hospital) who must, of necessity, give 
critical care to sick infants either until 
the problem is resolved or until the patient 
is transferred to a more specialised centre. 
The text is divided into 37 chapters, each 
with its own brief but comprehensive 
bibliography, and dealing with the main 
disorders of the perinatal period under the 
4 titles ‘Diagnosis and management’, 
‘Serious obstetric problems’, ‘Perinatal out- 
come’, and ‘Prevention’. Also there are a 
number of useful appendices dealing with 
matters such as newborn transfer and 
drug dosages. Much of the text 1s divided 
into note-like numbered sections which 
facilitate quick reference and enable a 
great deal of information to be packed into 
a relatively small space. After allowing for 
the differences in approach across the 
Atlantic, and the fact that the authors do 
not claim that they have dealt with peri- 
natal problems in great depth, 1t is then 
possible to recommend this book warmly 
for the purpose for which it was designed. 
Candidates for higher examinations in 
either paediatrics or obstetrics will find 
it particularly useful. 
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Topics in Perinatal Medicine. Edited | 
B A Wharton. (Pp. 176; illustrated 
tables. £10-00 hardback.) Pitman Medici 
Tunbridge Wells. 1980. 


In 1976 the Neonatal Symposium whi 
had been an annual event in Bristol sin 
1969 was taken under the aegis of t 
newly formed British Paediatric Perina: 
Group. Since then it has been held a 
different place each year and this bo 
is based on the symposium held 
Birmingham in 1978. It also incluc 
four Mary Crosse Memorial Lectures. 

One of the major difficulties in produci 
proceedings of any conference is the k 
of impact caused by the delay between . 
spoken word and publication. This bo 
had a gestation of 18 months but virtus 
all the papers have retained their value a 
are just as important today as they were 
1978. The stated aim was to rev 
perinatal mortality from the point of vi 
of its causes and prevention. The bo 
starts with a section on perinatal statis 
and antenatal care and goes on to sectii 
on the common causes of neonatal dea 
preterm delivery, respiratory distr 
syndrome, and malformations. There 1 
memorable paper by H Jolly on perni 
death and the family; and the last sect 
of the symposium is on organisation 
neonatal care with some warnings 
latrogenic hazards. The final section of 
book comprises the first four Mary Crc 
Annual Memorial Lectures. Dr Be 
Corner gave the first of these in 1975 
was a review of neonatal care from 
Crosse’s early days at the Sorre 
Hospital until 1975. The others were 
B A Wharton on the ‘Asian mother : 
her baby’, J D Baum on ‘The milk 
human kindness’, and P M Dunn 
'Perinatal care—here and there’. Tt 
lectures form a valuable addition to 
book and deserve to reach a wi 
audience. 
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EVANS TUBERCULINS 


Evans Medical Ltd., have discontinued their production of Old Tuberculin. Tuberculin PPD 
continue to be available. The DHSS has accepted the Joint Committee on Vaccination and Immuni l 
sation’s view that there is no need for the availability of both Old Tuberculin and Tuberculin T 
Tuberculin PPD is recommended for use in both the Heaf and Mantoux Tests. 


Tuberculin PPD together with Control Solution and Diluent will continue to be available in t 
following range of presentations:— 


Tuberculin PPD BP 
Undiluted (100,000 units per ml) 
For Heaf Multiple Puncture Test vial of 1ml 
vial of 5ml 
Tuberculin PPD Dilutions for Mantoux Test 
10 units per ml — 1/10,000 dilution vial of iml 
100 units per ml — 1/1,000 dilution vial of 1ml 
1,000 units per ml — 1/100 dilution vial of 1ml 


Control Solution for Mantoux Test vial of Iml 
Tuberculin Diluent vial of 4:5 
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treatment organically handicapped 
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1979 Seventh edition 368 pages illustrated hardback £9 00 1980 Fourth edition 256 pages illustrated paperback £6 50 
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Pediatrics Update 
reviews for physicians 


Edited by Arthur J. Moss. Published in the U.S.A. 
by Elsevier North Holland 


This is a new series of annual volumes designed to 
keep paediatricians and other specialists abreast of 
important developments in the field. The topics 
which have been chosen in each volume cover those 
areas where the most active research has occured 
during the preceding year. The authors for each 
section are chosen on the basis of their expertise and 
involvement in such areas so that they can bridge the 
gap between the new developments and their clinical 
application. The practitioner is thus presented a 
highlighted view of the complete picture. 


Pediatrics Update 1980 
416 pages, 51 illustrations. £16.75 


Following the encouraging response to the concept of 
this series and the widespread sale of the first volume, 
the 1980 edition has been compiled in the same, success- 
ful format. It examines, in nineteen chapters, current 
aspects of gastroenterology, nutrition, nephrology, 
infectious disease, cardiology , psychology,haematology, 
neurology and gynaecology. 


Pediatrics Update 1979 
480 pages, 57 illustrations. £15.75 


In twenty-six chapters, this first volume reviews recent 
developments in gastroenterology, genitourinary 
problems, growth and development, endocrinology, 
neonatology, infectious disease, cardiology, respiratory 
medicine, allergy, haematology, neurology andaccidents 
in childhood. 
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The measurement of constituent levels of blood, 
plasma, urine etc. by the chemical pathologist is of 
great value in indicating or confirming the existence of 
a particular disease in the patient. 'Normal' values are 
particularly difficult to establish in the child. This 
book presents didactically and synoptically the tests 
themselves and the ranges outside which the level of 
any measured parameter may be considered abnormal. 
The ranges given in this text have been found by 
personal experience to be satisfactory and helpful in 
the clinical situation, 
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Seventy six leading workers in the fields of metabolism 
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bolism in children have contributed to this authori- 
tative volume. The information it contains is of 
new and recent development, including work on 
parathyroid hormones and calcition, vitamin D re- 
sistant rickets, pseudohypoparathyroidism and renal 
osteodystrophy. These advances are already leading 
to new therapeutic approaches and treatments of 
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book of fundamental importance to both clinicians 
and researchers in paediatrics, biochemistry and 
endocrinology. 
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describes the aetiology and clinical aspects of primary 
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most important special investigations. It is designed 
for the clinician who sees the patients, and the 
pathologist who confirms the diagnosis. It also sum- 
marizes current views on aetiology and pathogenesis 
for the research worker interested in human disease. 
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Annotation 


Bronchopulmonary dysplasia | 


All those working in intensive neonatal care will 
have had first-hand experience of bronchopulmonary 
dysplasia (BPD).! Yet reading the extensive reports 
on the subject it is difficult to find any agreement on 
the incidence, aetiology, or indeed, on the most 
appropriate management. À timely attempt to pool 
our knowledge of this condition was made by the 
National Heart, Lung, and Blood Institute, who set 
up a workshop on BPD, the proceedings of which 
have recently been published.* 


Definition 


The first problem is one of definition. It is not 
difficult to diagnose the condition in a preterm baby 
who has required prolonged intermittent positive 
pressure ventilation (IPPV) for hyaline membrane 
disease, and who subsequently has a chronic 
respiratory disease lasting for months, associated 
with hyperinflation, dense linear opacities, and 
scattered translucent cysts on chest x-ray, equivalent 
to stage IV, as defined by Northway and Rosan.? At 
the other extreme* some would include all babies 
who had any x-ray abnormality at age 30 days 
associated with hypoxia, carbon dioxide retention, or 
oxygen dependence. This definition will inevitably 
include babies with the Wilson-Mikity syndrome, a 
condition which probably represents a functional and 
anatomical immaturity of the small airways,5-* and 
repeated aspiration. The picture is further com- 
plicated by histological evidence that the changes of 
BPD are more often present in babies surviving 
hyaline membrane disease than would be expected 
from the incidence of the condition clinically.’ 
Abnormalities of lung function can be detected in the 
ensuing months in a high proportion of preterm 
babies requiring IPPV.8-? These findings suggest that 
there is a continuous spectrum of disease, and provide 
some explanation for the wide variety in the incidence 
of the disorder, ranging from less than 3% to as 
high as 38 %* of all preterm babies. The problem of 
precise definition also makes retrospective studies of 
incidence difficult to assess but the evidence suggests 
that in the last few years improveraents in ventilatory 
techniques have not only resulted in higher survival 
rates but have also led to a fall in the incidence of 
BPD,?? or at any rate not an increase.!i However, 
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most authorities would agree that the diagnosis can 
be established if there is a history of IPPV or 
prolonged high oxygen administration, clinical 
evidence of lung damage persisting for at least one 
month, and x-rays showing transluscent cystic areas 
and dense bands of fibrosis. In one of the early 
papers? Northway and Rosan described radiological 
values from a generalised ground glass appearance 
(stage I), through dense areas of parenchymatose 
opacification with intervening normal lung (stage IT), 
to the striking x-ray seen in stage IV. Others have 
been unable to support these findings, and it is likely 
that stages I and II represent the acute and resolution 
phases of hyaline membrane disease. 


Aetiology 


The aetiology of BPD has generated more discussion 
than any other aspect. Northway and his colleagues 
considered that most of the damage was due to 
oxygen toxicity.! Certainly similar Jung lesions can 
be produced by exposing newborn mice and other 
animals to 10074 oxygen for 6 weeks," although the 
brunt of the disease tends to fall on the alveoli 
whereas in BPD more of the damage is at the level of 
the airways. Further evidence implicating oxygen has 
been provided by the occasional reports of BPD in 
babies with respiratory distress syndrome who have 
not been ventilated.!127? It has also been’ claimed 
that BPD represents a delayed recovery ,stage of 
hyaline membrane disease. This is unlikely as the 
condition has also been reported after IPPV for a 
wide variety of neonatal cardiorespiratory dis- 
orders.!4 The single most important factor is almost 
certainly artificial ventilation, as this ‘not un- 
commonly causes the picture of BPD even when 
oxygen concentrations of 60% have not been 
exceeded.” 15716 

The presence of interstitial air and also iof patent 
ductus has also been incriminated and indeed does 
appear to be associated with the development of 
BPD.!738 Whether this merely reflects the severity of 
the initial lung lesion has not yet been defined. The 
presence of an endotracheal tube with! secretion 
retention and local infection provides yet a further 
mechanism for lung damage. ! 

The evidence suggests that this is a disorder 


t 


3 


| 
\ 


662 Milner 


resulting from a number of insults, but that the most 
important single factor 1s high pressure ventilation 
producing changes that can be exacerbated by 
exposure! to high oxygen concentration. 


Prognosis 


Much has been written about the long-term 
prognosis. This is inevitably related to the severity of 
the disease but, of those with stage IV BPD, up to 
40% are likely to die, often at about 34 months of 
age, generally with secondary bacterial or viral 
infection and cor pulmonale. Those surviving show 
progressive improvement during the succeeding 
months although x-ray changes tend to persist for at 
least 2 years. Lung function abnormalities and 
disordered lung growth are likely to persist through- 
out childhood and may sow the seeds of respiratory 
problems in adult life. 


Prevention and treatment 


From what has been learnt about important patho- 
logical factors, exposure to high inflation pressures 
and high oxygen concentrations should be kept to a 
minimum compatible with adequate oxygenation. 
BPD rarely if ever occurs in babies ventilated using 
external negative pressures® but, as this is a relatively 
ineffective method of respiratory support, the babies 
surviving are unlikely to have had severe hyaline 
membrane disease. Corticosteroids are contra- 
indicated in the acute phase as there is evidence 
that the newborn lung is relatively resistant to 
oxygen toxicity, perhaps due to immaturity of the 
hypophyseal adrenocortical response to stress. 
Certainly hypophysectomy and adrenalectomy are 
known to protect against oxygen toxicity.?! Generous 
doses of vitamin E have been recommended in the 
acute phase on the assumption that oxygen toxicity 
is of major importance. It is known that vitamin E 
acts as an antioxidant in the Jungs and that vitamin 
E-deficient rats have an increased susceptibility to 
lung oxygen toxicity which can be reversed by the 
administration of vitamin E.?* Preterm babies tend 
to have a relative vitamin E deficiency. So far, 
controlled trials on this form of treatment, using 
daily doses of up to 20 mg/kg intramuscularly are 
encouraging but not conclusive.3? Fluid restriction 
during the first few days of life has been advocated by 
some workers in an attempt to reduce the frequency 
of patent ductus.24 Others recommend the early use 
of indomethacin or, failing that, surgical closure of 
the duct in any baby requiring IPPV for hyaline 
membrane disease who has a significant shunt.* 
Closure of a large shunt undoubtedly produces a 
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more compliant lung, so that lower inflation pressures 
can be used to achieve acceptable blood-gases. 

In the ensuing months babies with BPD are 
susceptible to repeated respiratory tract infections 
which can be viral or bacterial. As these babies 
inevitably have poor lung drainage it would seem 
reasonable to teach their parents to give regular 
physiotherapy and to treat infections generously 
with a broad spectrum of antibiotics. 
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ACTH therapy in infantile spasms: side effects 


RAILI RIIKONEN AND MARTA DONNER 
Il Paediatric Clinic, Children's Hospital, University of Helsinki, Finland 


SUMMARY 162 children with infantile spasms were treated with ACTH at the Children’s Hospital, 
Helsinki, and at the Aurora Hospital, Helsinki, during 1960—76. In a large proportion (37%) of the 
children the treatment caused pronounced side effects, and the mortality was 4:9%. The most 
common complications were infections: septic infections, pneumonias, and urinary and gastrointestinal 
infections. Other side effects were arterial hypertension (11), osteoporosis (2), hypokalaemic alkalosis 
(2), and other marked electrolyte disturbances (10). In 2 children necropsy showed fresh intracerebral 
haemorrhages. Four children developed oliguria and hyperkalaemia during and after withdrawal 
of ACTH. One of them had tubular necrosis confirmed by renal biopsy. Infections were significantly 
more common with large doses (120 units) of ACTH than with small ones (40 units). It is concluded 
that side effects, even severe ones, are more common during this treatment than had been assumed. 
Careful watch is important before and after treatment. The benefit of very high dosages should also 


be reconsidered. 


For 20 years ACTH or corticosteroids has been the 
treatment of choice in infantile spasms.! Although 
there gre conflicting observations about whether or 
not it affects intellectual outcome?-? it usually stops 
the seizures, and there are fewer relapses than after 
conventional anticonvulsive drugs. Primarily, spasms 
will be controlled in 60 to 809; of the children.?71? 
Daily dosage varies from 20 to 180 units and the 
duration of treatment from 3 weeks to 6 months. 
Some give ACTH alone. Others combine it with 
glucocorticoids, generally with dexamethasone or 
prednisolone. Despite large doses and long duration, 
side effects have been considered slight or they have 
not been carefully investigated? 13133 However, 
severe side effects and fatal results from treatment 
with ACTH and dexamethasone have been reported 
from Germany.* 1435 Sorel!? noted that side effects 
were associated with the use of synthetic ACTH. In 
our large series!^-1? treatment with ACTH appeared 
to cause frequent and sometimes severe side effects. 


Materials and method 


In 1960—76 at the Children's Hospital, University of 
Helsinki, and the Aurora Hospital, Helsinki, 162 
children with infantile spasms at the mean age of 9:4 
(range 1-32) months were treated with long-acting 
ACTH.  Corticotrophin (Acton  prolongatum, 
Acortan prolongatum, Cortrophin Z) was used in 
139 patients, its synthetic analogue Zn tetracosactrin 
(Synachten Depot, S-Cortrophin Depot) in 23 


patients. ACTH was given once a day intra- 
muscularly. In 97 children the daily dosage was 40 
units for 3 weeks, 20 units for 2 weeks, and then it 
was gradually stopped in 1 week. After 1969 larger 
doses were used. 54 children had daily 120-160 units 
for 3 weeks, 60-80 units for 2 weeks, and then it 
was gradually stopped in 1 week. 11 of the 162 
children were treated with ACTH and dexametha- 
sone. ACTH was gradually increased to 80 units a 
day and this was maintained for 3 weeks or longer 1f 
there was no clinical response. After the response the 
dose was reduced and treatment was continued 
intermittently with dexamethasone—that is 4-9 mg 
once a day for 4 days followed by 6 days without. 
This treatment was continued for 3-4 months and 
during this time the children stayed on noninfectious 
paediatric wards. Before starting treatment with 
ACTH each child was examined to exclude 
infections by examinations of urine, erythrocyte 
sedimentation rate and blood cell count, bacterial 
cultures from nose, throat, and urine, and x-rays of 
the lungs. 10 children received no ACTH, because 
they had resistant infections (3 had cytomegalovirus) 
and ACTH was considered to carry too great a risk 
for them. 42 children had been severely retarded since 
birth or had severe malformations and they were not 
treated with ACTH since it could not benefit them. 
Thus, there was some selection for treatment of 214 
children admitted with infantile spasms during 
1960—76. These 52 children were given conventional 
anticonvulsants. 


664 


i (Y Ed 


Results 


60 (37%) children showed pronounced side effects. 
In 24 (14-854) the side effects were severe or fatal. 
Eight (4-997) died during ACTH treatment or after 
complications of the treatment (Table 1). In none of 
them was there any minor respiratory infection or 
minor side effect of hypercortisolism—-such as steroid 
acne, or weight gain and ‘moon face’. 

With larger dosage of ACTH (usually 120 units), 
42-694 (23/54) of children had pronounced side 
effects. With the smaller dosage (40 units) 357; 
(34/97) had side effects. During treatment with 
ACTH and dexamethasone combined 27:3% (3/11) 
had side effects. When synthetic analogues of ACTH 
were used 69-657 (16/23) had side effects. There were 
more infections with large doses (P<0-05; y*— 
4:474) and with synthetic analogues of ACTH 


` Tablel Lethal outcome of ACTH therapy, 8 cases 





Case Aetiology of Treatment Age (months) 
infantile spasms 
At start of At death 
treatment 
1 Neonatal Corticotrophin, 40 51 7 
hypoglycaemia units/day 6 weeks 
2 Familial Corticotrophin, 40 5 6} 
encephalopathy units/day 3 weeks 
3 Neonatal Corticotrophin, 30 5} 7 
hypoglycaemia units/day 6 weeks 
4 Prenatal lesion Zn tetracosactrin,0:2 2 3 
mg/day 4 wceks 
5 Idiopathic Zn tetracosactrin, 0:3 3 4} 
mg/day 5 weeks 
6 Neonata! Corticotrophin, 120 7Y 9 
hypogl /caemia units/day 6 weeks 
7 Brain Corticotrophin, 120 > 6} 
maiformation units/day 6 weeks 
8 Familial Corticotrophin, 120 3 7 
units/day 6 weeks 
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significantly increased with larger doses. 


—3-294) The number of infections was 


Infections. Five patients had septic necim during 
treatment with ACTH, 3 of whom died. Blood 
cultures showed Staphylococcus aureus (2), Klebsiella 
pneumoniae (1), Escherichia coli (1), and Proteus 
vulgaris (1). Some other children were suspected to 
have sepsis, but no blood cultures were made. 20 had 
pneumonia, 6 of whom died (3 who hadia simul- 
taneous sepsis are in this category). In 2 children who 
died of pneumonia the micro-organism responsible 
was Pneumocystis carimi. 

One child who died had a generalised cytomegalo- 
virus and staphylococcus. His lungs, kidneys, liver, 
and hypophysis were affected by cytomegalovirus. 
Another child developed a staphylococcal empyema, 
which was cured by lung drainage and antibiotics. 


Necropsy 
Combined Normal | Micro-orgamum 
weight of weight (g)t 
adrenal glands SD 
(g) 
Massive bleeding into 13 5 5.5422 Not examined 
the right cerebral 
ventricle* 


Lobar pneumonia Not examined 


Not found 
Big thrombus of 


dural sinus 

Interstitial pneumonia. 6 5 5 $i2 2 Pneumocystis 
Subarachnoid carinil 
haemorrhage on the 
nght hemisphere ! 

Purulent pneumonia 12 5 4-34! 4 Escherichia colt 

] 

Sepsis. Pneumonia. — 10.5 4 642-1 Staphylococcus 
Cytomegalovirus, aureus. Candida. 
Moniliasis Cytomegalovirus 

Purulent pneumonia 10 5.41.5 Klebsiella 

pneumonia 

Interstitial pneumonia. 8.5 4641-5 Pneumocystis 
Microgyric brain carinil | 

Pneumonia 20 5 5422 Not found 
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*At start of treatment with ACTH the cerebrospinal fluid was normal 


tNormmí weight of organs, according to Schulz et al. 42 


Table 2 Infections during treatment with ACTH 








Treatment No of children treated Children with infections Children with tepti 

uyecttons 

No vf 

No 26 3 
Lower doses (20-40 units per day) 97 (4) 22* 22 7 5 5.2 
Larger doses (120-160 units per day) s4 (58 21 38 9 1 18 | 
ACTH and dexamethasone combined 11 (195 2 18-2 — 
Synthetic ACTH 23 10 43 5 2 87 | 


$ Number of children with synthetic ACTH. 


* -HB«0 05, y2 = 4 474. 
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One child (Case 1) was exposed to tuberculosis 
during treatment with ACTH. Perhaps her death at 
age 13 months was due to this infection. 


Case 1 

The girl did not have the conventional BCG 
vaccination during the neonatal period because she 
had convulsions from age 2 days. Later she developed 
infantile spasms and was treated with ACTH at age 
2 to 3 months. During her stay in hospital she came 
in contact with a person with cavitating tuberculosis. 
At age 5 months primary tuberculosis of the lungs 
was diagnosed and 8 months later she died despite 
anti-tuberculous therapy. The diagnosis was con- 
firmed at necropsy. 


Urinary infections developed during ACTH 
therapy in 11 patients. One child had a fulminant 
Proteus mirabilis infection, peritonitis, and uraemia 
after 2 weeks’ therapy with corticotrophin. A 
purulent infection developed in the right hydro- 
nephrotic kidney (detected later by intravenous 
urography). 

One child had a severe and protracted cytomegalo- 
virus infection during treatment with ACTH: 
meningoencephalitis with fever for many months, 
and a rise in the erythrocyte sedimentation rate to 
more than 100 mm/h. At age 6 years the girl still 
had pathological CSF findings (high IgG: albumin 
ratio), which may indicate local production of 
immunoglobulins in the central nervous system and 
be interpreted as a sign of a slow virus infection.!? 


Other infections. 10 children bad gastroenteritis. Two 
of them required intravenous rehydration. One child 
was severely ill and the infection lasted 2 weeks. 
Candida infections of the oral mucosa were common. 
In 3 cases the infection was fulminant, in one it 
extended from the mouth to the larynx, intestines, 
and lungs. 

Four children later had recurrent infections—for 
example, one of them had 10 attacks of pneumonia 
and 16 attacks of febrile bronchitis during his lifespan 
of 7 years. Minor infections were skin abscess (1), 
furunculosis (1), otitis (2), and fever of unknown 
origin (4). The role of ACTH in these cases remains 
obscure. 


Hypertension. 11 of the 17 children examined had 
arterial hypertension, which generally developed in 
the 2nd or 3rd week of ACTH treatment. The blood 
pressure was raised in these 11 children—to 160/110, 
180/130, 280/150, 200/90, 210/150, 140/100, 160/100, 
165/100, 130/100, 210/160, 190/100 mmHg. One 
child also had hypertensive ophthalmoscopic 
findings: strong general arterial narrowing in the 
fundi. Unfortunately, blood pressure was not 


"tod (04 


measured routinely. After treatment the blood 
pressure was normal in these children. 


Intracerebral haemorrhage. In one case the cause of 
death was fresh intraventricular cerebral hae- 
morrhage and in another necropsy showed fresh 
subarachnoid haemorrhage and interstitial 
pneumonia. The cause of the bleeding remained 
unknown—for example blood pressure had not been 
examined. 


Osteoporosis. Two children developed osteoporosis 
during treatment with ACTH. One child had slightly 
subnormal serum calcium even before therapy 
(2-00—2-4 mmol/l; 8-9-6 mg/100 ml) but after 2 
weeks’ therapy both calcium and phosphate levels 
were low (calcium: 1:3-1:65 mmol/l; 5:2-6:6 
mg/100 ml and phosphate: 1:16-1-65 mmol/l; 
3-6-5-1 mg/100 ml) normal calcium 2-15-2:7 
mmol/l (8-6-10-8 mg/100 ml) and normal phosphate 
1:50-2-50 mmol/l (4:8~-7-8 mg/100 ml). The other 
child had normal serum calcium and phosphate 
values before and during treatment. Alkaline 
phosphatase was slightly raised before therapy. In 
both children alkaline phosphatase fell to between 
half and one-third of the earlier value during treat- 
ment with ACTH. Both children also had general- 
ised aminoaciduria. Because of these abnormal 
findings x-rays were taken and these showed 
pronounced osteoporosis. 


Electrolyte disturbances and renal failure. Three 
children had hypokalaemic metabolic alkalosis 
(serum potassium 2:5-2:6 mmol/l and base excess 
J-10-9—--11-0) during treatment. 10 children had 
pronounced disturbances of electrolytes at the end of 
the ACTH treatment or for a few days after it; these 
disturbances were often combined with marked 
changes in weight (up to + 11%). Four children 
had oliguria (Figs 1—4). In one of these four a 
kidney biopsy was made and this showed tubular 
necrosis. 


Case 2 

The early history of the child was uneventful. The 
birthweight was 3050 g, length 49 cm, and Apgar 
score 9. Development was normal until age 13 
months, when the syndrome of infantile spasms was 
diagnosed. Despite extensive investigations the 
reason for the spasms remained unknown. Carotid 
angiography showed slight left-sided hypoplasia of 
the brain. The pathophysiological significance of this 
remained unknown. It may have been the result of a 
prenatal disturbance or a malformation. At age 
14 months ACTH (40 units daily) was started. The 
primary effect was good; the spasms disappeared 
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Fig. 2 Case 3, child with oliguria after being treated with ACTH for 6 weeks. 
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Fig 4. Case 5, child with oliguria after being treated with ACTH for 6 weeks. 


during the first week and the encephalogram showed 
no hypsarrhythmia after 3 weeks. Before ACTH the 
urine had been normal but 4 days after treatment 
began pyuria was found in several samples (also 
obtained by catherisation). Serum creatinine and 
intravenous urogram were normal and cultures 
showed no infection. 


After 54 weeks of treatment the girl started to 
vomit, oliguria and hyperkalaemia developed, and 
serum urea nitrogen levels rose to 54 mmol/l (75 
mg/100 ml), normal levels 4-14 mmol/l (6-20 
mg/100 ml). Pyuria was now constantly present and 
haematuria appeared. Renal biopsy, performed 1 day 
later, showed slight tubular necrosis. Treatment 


included limitation of water intake, anion exchange 
resin because of hyperkalaemia, and mannitol to 
enhance urine flow. The function of the kidneys 
became normal. Blood urea and creatinine levels and 
creatinine clearance were normal 10 days later. 
Intravenous urography, 3 years later, was normal. 


Case 3 

Neonatal hypoglycaemia was the presumed cause of 
this child's spasms, which appeared at age 6 months. 
Before the spasms the boy's development had been 
normal. Initially ACTH had a good effect, but after 
5 weeks he started to vomit and lost 7-5% of his 
weight. Serum potassium rose to 6: 1 mmol/l. 10 days 
after the treatment with ACTH was stopped urine 
volumes were noticed to be small; however, there 
was no uraemia. The urine volumes remained small 
for 8 days, but gradually they became normal. 


Case 4 

In one child with neonatal hypoglycaemia and 
neonatal intracranial haemorrhage the diagnosis of 
infantile spasms was made at age 9 months. The boy 
had been slightly retarded since birth. ACTH 40 units 
per day had a good primary effect. Three days after 
the end of a 6-week course of treatment the urine 
volumes were noticed to be small and serum 
potassium was 6:0 mmol/l. Urine volumes remained 
small for 17 days, but the output returned to normal 
without any treatment. No uraemia developed. 


Case 5 

The early history of this child was normal until age 
5 months. She then had a febrile gastroenteritis. Soon 
afterwards she developed infantile spasms. ACTH 
(50 units a day) had a good effect and was given for 
6 weeks. Four days after the end of this period the 
potassium was at the upper limit (5-0 mmol/l) and 
small urine volumes were noticed for a week, the 
weight gain being 600 g or 8% at this time. 


Other side effects. Plasma cortisol levels are available 
as single determinations only in 4 children. During 
reduction of ACTH dose, 2 days before stopping it, 
two children had abnormally low values: 0:17 and 
0:24 umol/l (6-0-8-4 ug/100 ml), normal 0:27-0:69 
pmol/l (9-7-24-7 ug/100 ml). The third child had no 
measurable cortisol. This was examined 8 weeks 
after treatment with ACTH and dexamethasone 
combined. The fourth child had a normal cortisol 
level. Side effects in the 2nd and 3rd weeks of 
treatment were irritability, sleeplessness, and 
increased spasticity or apathy. The neurological 
symptoms seemed to increase. These central effects 
were severe in 14 cases. One child was suspected to 
have increased intracranial pressure at the time 


ACTH therapy in infantile spasms: side effects 669 


ACTH was reduced. He was irritable and had long 
spells of apnoea, Treatment had to be, stopped. 
Another child developed hydrocephalus with 
increased intracranial pressure during 24iweeks of 
therapy with ACTH, and a shunt was installed. It 
remains uncertain whether ACTH played any part in 
the raised intracranial pressure. Four children had 
transient glucosuria during ACTH. Amino-acid 
analysis was done from the urine of 25, and. from the 
plasma of 4 children. 12 of them had a general renal 
aminoaciduria during ACTH and 2 also had 
pronounced changes in plasma amino-acids during 
ACTH. In one child the thrombocyte count rose to 
1000 x 10?/l. The growth of the children: was not 
studied, as many of the underlying diseases were 
severe and might have affected growth. j 


| 


Discussion 


ACTH stimulates the secretion of adrenocortical 
hormones: cortisol, corticosterone, weak androgens 
and, initially, also aldosterone. Prolonged admini- 
stration of large doses of ACTH induces hyperplasia 
and hypertrophy of adrenal cortex (Table 1). Most 
therapeutic effects of ACTH are probably mediated 
by glucocorticoids. But ACTH also has direct, less 
well understood, effects on various organs, including 
the central nervous system.!9-*4 

Glucocorticoids suppress each stage of the immune 
response. Not only are bacterial infections enhanced 
by ACTH treatment, but also viral ones. Latent 
cytomegalovirus infections may flare up!" oritake an 
unusual course. P. carinii may be a cause of severe 
lung infections, as in our 2 patients. Other infections 
—such as measles and varicella which are known to 
cause severe disease during immunosuppression— 
may also become dangerous during treatment with 
ACTH. In this series we especially tried to exclude 
infections before starting treatment and to avoid 
them during it. During ACTH therapy it is more 
difficult to diagnose an infection, because analysis of 
the blood is affected by cortisol giving rise to 
leucocytosis and neutrophilia. Despite our efforts 
even severe infections were not avoided. i 

The host response and immunological function 
are altered in relation to glucocorticoid dosage. In 
our series the risk of infections seems to haye been 
greater when larger doses of ACTH were used. 
Synthetic analogues seem to carry a greater risk of 
infections than natural ACTH.!* This appeared to be 
so in our series too. l 

The incidence of osteoporosis is lower with ACTH 
than with glucocorticoids. In our series only 2 cases 
were found, but no systematic search was made. 
Cret et al.™ described 5 children with infantile 
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spasms who developed osteoporosis, hypocalcaemia, 
hypophosphataemia, and low alkaline phosphatase 
in blood during Zn tetracosactrin. 

One child also had hypomagnesaemia. Gluco- 
corticoids inhibit intestinal calcium absorption. The 
resultant hyperparathyroidism may be of major 
importance ın the pathogenesis of osteopenia.*9-37 
Furthermore, serum 1-25-dihydroxyvitamin-D, is 
reduced in children receiving glucocorticoids.?? 

Excessive doses of ACTH (100—180 units) increase 
the 24-hour urinary-free cortisol to about 20- or 30- 
fold.29—9) The mineralocorticoid effects of cortisol, 
corticosterone, and desoxycorticosterone presumably 
play a significant role in the production of undesirable 
effects of ACTH treatment-—such as hypertension, 
and sodium and fluid retention. 

Of the 11 children who were observed to have 
hypertension 8 had received Zn tetracosactrin, 
generally in doses of 80 units. This synthetic hormone 
seems to carry a considerable risk of hypertension, 
but whether this risk 1s smaller with corticotrophin 
remains unknown. 

In our hospitals blood pressure is not routinely 
measured in infants and perhaps a higher proportion 
of the children had arterial hypertension than is 
reported. The intracerebral haemorrhage found in 
2 cases at necropsy may have been due to hyper- 
tension. Taeusch ef al?! reported intraventricular 
haemorrhage in 6 out of 7 infants with respiratory 
distress treated with glucocorticoids. The mechanism 
by which steroid treatment could lead to intracerebral 
haemorrhage remains unknown. Blood pressure was 
measured neither in these cases nor in our fatal cases. 

Plasma cortisol levels reach a maximum after 10 
days of ACTH administration.“ In our series hypo- 
kalaemia, alkalosis, and hypertension were found 
during the 2nd and 3rd weeks of such treatment. This 
often coincided with an increase in the neurological 
symptoms. It has been suggested that this is due to 
cerebral oedema resulting from retention of salt and 
water, or to hypertensive encephalopathy.??-33 Now 
it is known that cortisol and ACTH have direct 
effects on the brain? -97 and that chronic admini- 
stration of cortisol increases brain exitability 
although the concentration of sodium and potassium 
in the spinal fluid and the brain remains normal.3939 

During ACTH treatment the greatly increased 
mineralocorticoid activity will presumably suppress 
the renin-angiotensin-aldosterone axis. After with- 
drawal of ACTH the secretion of cortisol, corti- 
costerone, and desoxycorticosterone will decrease 
precipitously while the renin-angiotensin-aldosterone 
axis needs time to recover. A sudden mineralo- 
corticoid and glucocorticoid deficiency will thus 
ensue. The mineralocorticoid deficiency will tend to 
lead to a hypo-osmolal contraction of the extra- 


cellular volume, and may result in renal failure. The 
glucocorticoid deficiency adds to the picture of an 
impaired water excretion capacity. This complexity 
of disturbance in fluid regulation may explain why 
losses and gains in weight were observed (Figs 1-4). 
These withdrawal symptoms had not been reported 
previously. It is important to know whether the 
child enters a negative or positive water balance and 
whether he needs water restriction and diuretics, or 
more fluids. Glucocorticoid substitution may be 
necessary after ACTH treatment. We are now trying 
to analyse the mechanisms of disturbance. 

In this series, large doses of ACTH (usually 120 
units) gave more side effects than smaller doses 
(40 units), but the difference was not statistically 
significant. Infections were however, significantly 
increased with large doses (P<0-05, y? = 4-474). 
During treatment with ACTH and dexamethasone 
combined there were fewer side effects than with other 
treatment schedules (P «0-05, y? = 4-556). The 
children in this group were not treated as inpatients 
during the whole time and side effects were not so 
carefully recorded. It is therefore difficult to compare 
them with the others. 

When synthetic analogues of ACTH were used 
16 (69-657) out of 23 children had side effects. Eight 
had hypertension, 3 electrolyte imbalances, and 
10 infections. Three of tbese side effects were severe: 
long-lasting, severe gastroenteritis in one, and two 
fatal cases of sepsis. There were considerably more 
side effects in this group. ACTH produces less 
impairment of HPÀ function and growth in children 
than glucocorticoids. This advantage may be lost if a 
preparation with too-prolonged an action is used— 
such as Zn tetracosactrin.?? 

We believe that ACTH (or perhaps in future its frag- 
ments with fewer side effects),!* alone or combined 
with glucocorticoids, will maintain its position as the 
primary drug for the treatment of children with 
infantile spasms. However, as such treatment has 
pronounced side effects, a careful watch 1s essential 
especially by measuring the blood pressure, 
examining electrolyte levels, and trying to detect and 
treat infections early. The appearance of osteo- 
porosis, hypertension, hypokalaemic alkalosis, or 
exaggerated neurological symptoms should lead to 
reduction of the dose. If hypertension and salt 
retention cannot be controlled by salt restriction, 
dose reduction, or antihypertensive drugs, it is better 
to change to synthetic glucocorticoids (methyl- 
prednisone) which have a less sodium-retaining 
effect. Often diuretics are given to children with fluid 
retention during treatment with ACTH. As they 
increase the potassium loss they are recommended 
only with regular potassium determinations and 
perhaps with supplementary potassium. 


As side effects, especially infections, seemed to be 
dose-dependent, the dose should be the lowest that 
will control the symptoms. The benefit of very high 
dosages snould be reconsidered. Our mode of 
treatment is based on the clinical experience of 
Hagberg® 4° and Gamstorp* in Sweden who both 
consider large doses of ACTH important. In other 
countries considerably smaller ACTH doses are used. 
Thorough investigations concerning the optimal 
dosage of ACTH have not been reported. The use of 
Zn tetracosactrin 1s not recommended; it has more 
side effects and can have a fatal outcome. The use of 
anticonvulsant drugs—such as nitrazepam—as pri- 
mary treatment should be considered, particularly 
for instance, if the benefit from ACTH is 
questionable, as in the case of an already severely 
damaged child. Furthermore, if the child is known to 
have a cytomegalovirus infection treatment with 
ACTH should be avoided." In future, it will 
probably be possible to test every child for latent 
cytomegalovirus infection by a rapid method—for 
example, by fluorescent antibody test. We think it is 
important to look for other patients in whom treat- 
ment with ACTH would be unsuitable. 

More knowledge should be gained of the clinical 
and biochemical actions of ACTH and glucocorti- 
coids in the treatment of infantile spasms. The drugs 
are used in excessive dosage and for a long time 
during a period of very active development of the 
brain—for example, myelinisation has its maximum 
at the time that infantile spasms usually begin. 
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SUMMARY Plasma concentrations of motilin, gastrin, and enteroglucagon were measured in cord 
blood and during the first 24 days of life before feeding in 45 term and 63 preterm, healthy infants. 
Levels of these hormones rose steeply after birth, reaching concentrations that were much higher 
than those in fasting adults. These increases in hormone concentration were not present in a group 
of 10 preterm infants who had received only intravenous dextrose from birth because of hyaline 
membrane disease. Our findings suggest that early enteral feeding may trigger the postnatal'increase 
in plasma concentrations of gut hormones and that this could play an important role in the physio- 


logical adaptations to extrauterine nutrition. 


At birth intravenous nutrition via the placenta ceases 
and the neonate must adapt to enteral feeding. By 
age 2 weeks the term neonate consumes a daily 
volume of milk which in an adult, on a proportionate 
body weight basis, would correspond to a fluid intake 
of 10—20 litres a day. Clearly the periodic administra- 
tion of these large volumes of milk to neonates must 
necessitate adjustments in their gastrointestinal 
motility, and there is evidence to suggest that gastric 
emptying and upper intestinal transit time become 
more rapid during the first weeks of life both in term 
and preterm infants. In addition, animal studies 
demonstrate that early enteral feeding results in 
pronounced changes in the structure and growth of 
the alimentary tract, associated with enchancement 
. of enzyme activities—for example in jejunal lactase 
and acid phosphatase: 1n contrast, these changes are 
not seen in unfed animals.*7* 

The triggering mechanism for the physiological 
and structural changes that occur after birth in the 
gastrointestinal tract of the human newborn is 
poorly understood, but it is possible that the 
secretion of gut hormones in response to enteral food 
plays a key role. We have studied 3 hormones 
(motilin, enteroglucagon, and gastrin) in the neo- 
natal period. 

Motilin contains 22 amino-acids and is produced 
by endocrine cells of the upper small intestine.® Since 
this peptide was isolated ın 19719 there has been 
evidence to suggest that it is physiologically im- 
portant in the control of gastrointestinal motility 
in adult man.?-8 
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Gastrin, released from specific endocrine cells in 
the pyloric antrum and duodenum,’ and entero- 
glucagon, produced in highest concentrations in the 
ileum and colon, are of particular interest in the 
neonatal period because, in addition to their other 
functions, they may exert a trophic influence on the 
gastrointestinal tract (see below). | 

In order to investigate the roles of motilin, entero- 
glucagon, and gastrin in the postnatal adaptation to 
enteral nutrition, we have measured plasma levels 
of these peptides in more than 100 term and preterm 
infants. 


Patients and sampling procedure | 
63 preterm infants (birthweights 1950-430 gi(mean + 
SEM) and gestations 33-5--0-1 weeks) and 45 term 
infants (birthweights 3312+50 g and gestations 
39-5--0-1 weeks) were studied, with the approval 
of the ethics committee. Each infant contributed 
only one venous blood sample; this was taken 
either at birth (cord blood, at normal vaginal 
delivery) or postnatally. Postnatal samples were 
obtained from the back of the hand using an open 
needle technique, and were taken only at a time when 
blood was also required for clinical monitoring. 
Term infants were sampled either before ,the first 
feed at age 4—6 hours, or on day 6 (range|5—7), or 
day 16 (range 12-24); preterm infants were'sampled 
before the first feed at age 3-6 hours, or on day 24 
(1-4), day 6 (5-7), day 13 (11-17), or day 24 
(18-42). In each group samples were taken 
| 
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immediately before feeding. Term infants were 
breast-fed over 25-35 minutes at 4-hourly intervals. 
Preterm infants were fed pooled human milk over 5 
minutes via a nasogastric tube as previously des- 
cribed. Infants aged 24 days were fed 2-hourly; 
infants aged 6, 13, and 24 days were fed 3-hourly. 

In addition, 10 preterm infants were studied (ages 
6:24-0-5 days, birthweights 1875-4243 g, gestations 
33 +1 weeks) who had hyaline membrane disease and 
lacked the ability to tolerate enteral fluids: they had 
received only intravenous dextrose since birth. They 
required ventilatory assistance and enriched inspired 
oxygen but each had a Pao, between 60 and 90 
mmHg (7:9-11-9 kPa), pH >7-25, and each was 
clinically stable at the time of the study. Blood was 
also collected from 12 healthy, fasting adults. 


Methods 


Venous blood samples (2 ml) were collected into 
cooled heparin-coated tubes containing aprotonin 
(Trasylol, Bayer: 2000 KIU); the plasma was 
separated after centrifugation at 4°C within 20 
minutes of collection. All samples were stored at 
—20°C and assayed at the same time. Motilin was 
measured by radioimmunoassay, as described by 
Bloom et al.,4 using an antiserum diluted 1:320 000 
which showed no cross-reaction with any other 
hormone and which could detect changes between 
single plasma samples of 3 pmol/l with 95% 
confidence. Gastrin was measured using the radio- 
immunoassay described previously. The antibody 
measured fully both big and little gastrin, although 
not 'big big gastrin' or cholecystokinin, and could 
detect changes between individual samples of 4 
pmol/l. As human enteroglucagon is not available 
in pure form an indirect radioimmunoassay method 
was used.!® Two antiglucagon antibodies were used, 
one of which cross-reacted totally with gut glucagon- 
like material—for example one which detects pure 
porcine ‘glycentin’ fully—and one which was specific 
for pancreatic glucagon—-for example gives zero 
readings in total pancreatotic patients. The entero- 
glucagon levels were derived from the difference 
between these two assays. Changes of 6 pmol/l were 
detectable in this assay system. 

Statistical analyses were performed using the non- 
parametric Mann-Whitney rank sum test, but for 
ease of comparison, mean and standard errors are 
given in both text and figures. 


Results 
Motilin. Mean cord plasma motilin concentration in 


20 term infants was 32--4 (mean+SEM) pmol/l, 
significantly higher than in 6 preterm infants, 13-4 


Plasma mohn (pmol/1) 


16 





Fig.l Plasma motilin concentrations (pmol|l--E SEM) in 
preterm (left) and term (right) infants at birth (venous cord 
blood) and postnatally (before a feed). Number of observa- 
trons in each group is shown above standard error bars. 
Dotted line represents fasting adult value. 


(P<0-02). No significant change had occurred in 
plasma levels by 3-6 hours of age before the first 
feed in either term (26+3) or preterm (14--4) 
infants. 

In preterm infants plasma motilin rose from the 
cord level of 134-4 pmol/i to basal concentrations of 
89-16 pmol/] on day 6 (P «0-01) and to 1504-30 
pmol/l on day 24 (P —0-001), Fig. 1. In contrast, by 
day 6 preterm infants who had not been fed orally 
did not show this pronounced motilin increase; their 
mean plasma motilin level was 2444 pmol, signi- 
ficantly lower than the orally-fed preterm infants at 
this time after birth (P<0-001), Fig. 4. 

Breast-fed term infants aged 6 days had motilin 
levels (26-3 pmol) similar to the cord level, but by 
day 16 the level had risen to 123 +24 pmol, P «0-001 
(Fig. 1). Basal motilin was higher in 6-day-old 
preterm infants than in term ones (P<0:001). 

The plasma motilin concentration in the 12 adults 
was 22-++6 pmol/l, significantly lower than levels 
reached at 16 days in term infants (P<0-001) and 
at 24 days in preterm infants (P «0-001), Fig. 1. 


Gastrin. Plasma gastrin concentrations were similar 
in the cord blood of term (42--5 pmol/l) and pre- 
term (38+7) infants, and both these levels were 
significantly higher than the mean fasting adult 
control value, 7 4-2 (P 0-001) Fig. 2. By 3-6 hours 
of age the mean plasma gastrin level had fallen from 
the cord level to 121-2 pmol/l in preterm infants and 
to 11--1 pmol/] in term ones; levels rose to peak on 
day 6 to 54+8 (P «0-001). Concentrations were still 
significantly above adult levels by 16 days in term 
infants (P «0-001) and by 24 days in preterm ones 
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Fig.2 Plasma gastrin concentrations (pmol/l+4SEM) in 
preterm (lejt) and term (right) infants at birth (venous cord 
blood) and postnatally (before a feed). Number of observa- 
fions in each group is shown above standard error bars. 
Dotted line represents fasting adult value. 


(P « 0-001), Fig. 2. In contrast, in 6-day-old preterm 
infants who had not been fed orally, there was only 
a small increase in plasma gastrin (21 +4) above the 
level before the first feed at age 3-6 hours, Fig. 4 
(P « 0-05). 


Enteroglucagon. Cord plasma enteroglucagon con- 
centrations were similar in term and preterm infants 
(77+5 and 80+7 pmol/l respectively) and were 
slightly above the adult level of 37 +5 (P<0-05), Fig. 
3. Plasma concentrations at age 3-6 hours were 
unchanged in term and preterm infants (term 
644-8, preterm 60--10). The postnatal increase 
above the cord level in basal plasma enteroglucagon 
reached a peak in fed preterm infants of 3691-62 by 
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Fig.3 Plasma enteroglucagon concentrations (pmol/I+ 

SEM) in preterm (left) and term (right) infants at birth 

(venous cord blood) and postnatally (before a feed) 

Number of observations in each group is shown above 
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Fig.4 Basal plasma concentrations of motilin, gastrin, 
and enteroglucagon (pmoljI3- SEM) on day 6 after birth 
in healthy fed preterm infants (right-hand data bar of each 
pair) compared with concentrations in infants who had 
never received enteral feeds because they had hyaline 
membrane disease (left-hand data bar of each pair). 


day 6 (P<0-0001), and in 6-day-old term infants 
reached 202 4-26 (P —0-0001), Fig. 3. There was no 
rise however in the 6-day-old unfed group (85 4-10), 
Fig. 4. ! 
Discussion | 
These studies show that there is a pronounced post- 
natal increase in basal plasma concentrations of 
motilin, gastrin, and enteroglucagon. The basal 
levels of these 3 peptides achieved during the 
neonatal period both in term and preterm healthy 
infants far exceed the levels found in healthy fasting 
adults, and are greater than the adult postprandial 
concentrations reported by this laborato 
Motilin has been demonstrated in adults to 
decrease small intestinal transit time," and can initiate 
the formation of new interdigestive myoelectric 
complexes.9 It is possible that the increasing 
efficiency of motor function of the gut that occurs 
during the neonatal period? is at least partly due to 
the high circulating concentrations of motilin. High 
plasma motilin levels have been reported in infancy 
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and childhood only once before.!5 Our studies show 
clearly however, that an increase in plasma motilin 
is a postnatal event, which may have been due to 
enteral feeding, since motilin concentrations in the 
group of infants who had received only intravenous 
dextrose from birth were not raised, although the 
presence of hyaline membrane disease in these unfed 
infants could have been a contributory factor. It was 
interesting to note a slower postnatal rise in motilin 
in term infants than in preterm ones, with significantly 
lower levels on day 6 in the term group. Indeed 
enteroglucagon also tended to be lower in 6-day-old 
term infants than in preterm ones. It is possible that 
our findings relate to the relatively low milk intakes 
in the first few days of life in breast-fed infants. 
Hypergastrinaemia at birth or during the neonatal 
period has been reported by others.19718 The studies 
of Euler et al.1$ suggest that the high levels of gastrin 
at delivery are of fetal rather than maternal origin 
and may relate to vagal stimulation due to multiple 
factors at birth. They showed a fall 1n gastrin after 
delivery, whereas others!’ have shown a rise. Our 
data appear to resolve these conflicting reports as 
we show that in the first 3-6 hours of life there is a 
rapid fall in plasma gastrin decreasing to adult 
levels, and that subsequently there is a substantial 
rise in the plasma level which then persists through- 
out the neonatal period. The relationship between 
gastrin release and gastric acid output in the newborn 
period has received considerable attention, yet is ill 
understood. The pattern of acid secretion during the 
first days of life is both complex1?-*? and disputed.!$ 
However, since the group of infants in our study who 
had not been enterally fed showed little rise in 
postnatal gastrin, our findings suggest that, apart 
from the initial hypergastrinaemia at the time of 
delivery, the presence of food in the gut may be the 
important factor in maintaining the persistently high 
levels of gastrin found in neonates. This hypothesis 
is supported by the observation that higb gastrin 
levels occur in neonates after the first feed.?1—35 Gastrin 
has been shown to exert a trophic effect on the fundic 
mucosa, where it increases deoxyribonucleic acid, 
ribonucleic acid, and protein synthesis,2°-*4 and in 
rats it stimulates exocrine pancreatic growth.” 
Johnson and Guthrie* showed that both big gastrin 
(G34) and little gastrin (G17) have similar trophic 
actions, and each is measured in approximately 
equimolar quantities by our assay system, although 
the circulating molecular forms of gastrin in neonates 
have not been studied. It is likely that the high 
circulating levels of gastrin we have observed play 
a part in the trophic changes in the alimentary t 
which occur in fed neonates. 
There is little information on plasnfae 
glucagon in the human neonate. The mo 







of this hormone have not been characterised fully and 
its true physiological actions have yet to be defined. 
However, a limited amount of evidence suggests 
that enteroglucagon may be a trophic factor for the 
gut. Gleeson et al.*? reported striking villous hyper- 
trophy in the small bowel resulting from an 
enteroglucagon-producing tumour of the kidney, and 
others have shown that small bowel resection?! and 
ileal bypass surgery® result in high circulating 
enteroglucagon levels, suggesting a possible feedback 
mechanism for stimulating gut growth. The massive 
enteroglucagon levels seen in term and preterm 
neonates appear, like motilin and gastrin, to be 
related to enteral feeding and may be important in 
stimulating postnatal structural changes in the 
intestine. 

Why basal plasma concentrations of gastrin, 
enteroglucagon, and motilin should reach such high 
levels in the neonate is unknown, but we have 
considered several possible causes. Raised plasma 
levels could reflect the relatively greater length of 
the gut found in neonates compared with adults.?? 
Alternatively, plasma clearance mechanisms may be 
less effective at this age, although this would be 
inconsistent witb the rapid early fall in plasma gastrin 
we have described. In the case of enteroglucagon, 
some degree of malabsorption with undigested food 
reaching the large bowel could stimulate excessive 
colonic enteroglucagon release, a situation reminis- 
cent of the high enteroglucagon levels seen in coeliac 
disease.l The small feed-to-feed interval, together 
with the relative large feed volume in the neonate 
compared with the adult, might also result in per- 
sistently high basal gut hormone levels, yet Sann 
et ali9 observed that postprandial gastrin levels 
were no different in infants who were fed either 4- or 
6-hourly. Finally, it is possible that the ‘release 
setting’ of gut endocrine cells differs in neonates 
and adults, so that a given enteral stimulus produces 
a greater hormone release from each endocrine cell 
in the neonate. 

In view of the evidence presented for the proposed 
physiological actions of motilin, gastrin, and 
enteroglucagon, it is possible that the postnatal 
increase in these hormones plays an important part 
in inducing developmental changes in the gastro- 
intestinal tract that equip the newborn infant for 
enteral feeding. In addition, our data suggest that 
enteral feeding itself may trigger the rise in these gut 
hormones after birth, and so provide further insight 
into the physiology of early infant feeding. In 
addition they form a basis for the assessment of the 
pathophysiological effects of delaying the onset of 
teral nutrition in the management of the high risk 


LM conate, and also of surgical resections of the gut in 
orms ` HE | born period. 
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Development of gut hormone responses to feeding 


in neonates 


A LUCAS, S R BLOOM, AND A AYNSLEY-GREEN 
University Department of Paediatrics, John Radcliffe Hospital, Oxford, and Hammersmith Hospital, London 


SUMMARY The development of the effects of a human milk feed on plasma concentrations of motilin, 
neurotensin, gastric inhibitory polypeptide, enteroglucagon, gastrin, and secretin were studied in 
158 healthy preterm neonates (mean gestation 334 weeks) at mean postnatal ages of 24, 6, 13, or 
24 days. Pronounced progressive changes occurred in postprandial hormone responses; these were 
absent or small in the first days of life and were large by age 24 days. These changes may have 
important consequences in the adaptation to postnatal life. 


After birth there are substantial changes in plasma 
levels of a wide range of hormones from the gastro- 
intestinal tract.'-* Many of these changes appear to 
be induced by oral feeding" * and may play an 
important role in stimulating some of the adaptations 
which equip the infant for postnatal nutrition.! 5-9 
/ However, one aspect of neonatal gut hormone 
physiology which has received little attention is the 
pattern of gut hormone release induced by feeding. 
We have shown that several of the gut hormone 
responses to feeding that have been reported in 
adults are not seen in 6-day-old term infants.’ Little 
is known about the normal development of these 
hormone responses after birth, yet such information 
may be important in the nutritional management of 
high risk neonates. 
We have studied the development of the response 
of 6 gastrointestinal hormones to a feed in 153 
healthy, preterm infants ranging from 2 to 42 days of 


age. 
Patients and methods 


158 healthy preterm infants (birthweights 1968 4-32 
g, gestation 33:5--0-1 weeks) were studied, with the 
approval of the ethics committee. Each infant 
contributed only one venous blood sample. Postnatal 
samples were obtained from the back of the hand 
using an open needle technique, and were taken only 
at a time when blood was also required for clinical 
monitoring. The samples were taken at fixed times 
in relation to feeds (see below), so that analysis of 
the responses to feeding was based on cross-sectional 
data. 

Each infant was placed in one of four groups 


according to his postnatal age: 24 (range 1—4), 6 
(5—7), 13 (9-17), and 24 (18-42) days. They were fed 
human milk by nasogastric tube over 5 minutes as 
described previously.? Infants aged 24 days were fed 
2-hourly, the other groups 3-hourly. Mean feed 
volumes were: 8 ml/kg, 21: 5 ml/kg, 22-5 ml/kg, and 
22:5 ml/kg respectively. Blood samples were taken 
either before or at 30, 60, or 120 minutes after the 
beginning of a feed: 8-13 samples were taken for 
each time period. All infants were nursed in 
incubators at temperatures appropriate for their 
weights and gestations. 

Venous blood samples (2 ml) were collected into 
cooled heparinised tubes containing aprotonin 
(Trasylol, Bayer: 2000 KTU units). Plasma motilin, 
neurotensin, gastric inhibitory polypeptide (GIP), 
enteroglucagon, gastrin, and secretin were measured 
using sensitive  radioimmunoassays. — Motilin, 
enteroglucagon, and gastrin were assayed as we 
described previously? Neurotensin was assayed 
using an antiserum raised to pure synthetic bovine, 
neurotensin and gel chromatography demonstrated 
that the antiserum detected two major forms, large 
and small, the latter coeluting with the synthetic 
material? Plasma GIP was assayed using an anti- 
serum raised to pure porcine GIP which showed no 
cross-reaction with other gut hormones. The assay, 
which could detect changes of 5 pmol/l plasma, also 
detected two forms as analysed by plasma gel 
chromatography, a small quantity eluting in a large 
molecular weight position, and a major peak eluting 
in the position of pure GIP.?? Plasma secretin was 
measured by an assay technique which used an 
antibody raised to pure porcine secretin and which 
detected differences between individual samples of 
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1 pmol/I with 95 &% confidence.4 To avoid interassay 
variation, all samples were analysed in the same 
assay, which also contained ‘control’ plasma from 
12 healthy adults who had fasted for 4 hours. 

Statistical analyses were performed using the 
Mann-Whitney rank sum test (using a 2-tailed test of 
significance), unless otherwise stated. 


Results 


Motilin. At 2-5 days plasma motilin concentrations 
of 22--8 pmol/l (mean+-SEM) were similar to those 
found in the fasting adult (22+-6), with no change 
after a feed. In association with a postnatal increase 
in basal levels, which reached a peak at 13 days, 
there were significant postprandial falls in plasma 
motilin at 6, 13, or 24 days, the greatest fall being at 
13 days from a basal level of 172--33 pmol/l to a 
trough of 68 +12 (P 0-01), Fig. 1. 


Neurotensin. At 2$ days when basal neurotensin 
levels (28-45 pmol/l) were similar to those found tn 
the adult (164-4 pmol/I) there was a rise after a feed 
to 54+7 pmol/l, P «0:01. At 6 days basal levels had 
risen to 664-13, and at this age there was no change 
after a feed. However, as the basal level subsequently 
declined the postprandial increase became even 
greater, with a massive and prolonged response on 
the 24th day from a basal level of 43 +4 pmol/l to a 
plateau of 944-12 at 30 minutes and 95--13 at 60 
minutes (P «:0-001), Fig. 1. 
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Gastric inhibitory peptide (GIP). Between 24 and 13 
days there was no increase in GIP after a feed but at 
24 days there was a sharp rise from 26--4 pmol/l! to 
43--3 at 30 minutes (P<0-01). Basal levels were 
similar at each postnatal age studied (Fig. a 


Enteroglucagon. Basal plasma concentrations were 
significantly higher than adult values, with à peak on 
day 6 of 469--62 pmol/l (compared with adults, 
37+5 pmol/l, P 0-01). The postprandial: response 
became progressively greater throughout the period, 
reaching a significant increase by 13 days and with 
the largest response on day 24 from a basal of 
238 4-53 pmol/l to a peak of 440--41 at 30 minutes 
(P 0-01), Fig. 2. 


Gastrin. At 24 and 6 days, basal serum gastrin levels 
were high (51 +5 and 54+8 pmol/l) compared with 
the adult value of 7+2 pmol/l, P 0-001. There was 
no change after a feed at these ages. By 13 days the 
basal value had fallen to 24--1 pmol/l and there was 
a rise to 34--3 which persisted from 30 to 120 
minutes after a feed (P<0-01). Similar pre- and 
postprandial values were obtained on day 24 (Fig. 3). 


Secretin. There was a small but nonsignificant post- 
prandial increase in plasma secretin at 24, 6, and 13 
days, but by 24 days, in association with a pro- 
gressive fall in basal levels, there was a pronounced 
rise in plasma secretin from a basal level of 2-8 4-0-5 
pmol/l] to 5:1--0-6, 60 munutes after a feed 
(P 0-02), Fig. 3. 


t 


24 days 


Fig.1 Development of effect of a milk 
feed on plasma concentrations of motilin 
(upper panel) and neurotensin (lower 

panel). Between 8 and 13 single | 
observations contributed to each mean 
and standard error bar. 
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Fig.2 Development of effect of a milk 
feed on plasma concentrations of gastric 
inhibitory polypeptide (GIP) (upper 
panel), and enteroglucagon (lower panel). 
Between 8 and 13 single observations 
contributed to each mean and standard 
error bar. 


Fig. 3 Development of effect of a milk 
feed on plasma concentrations of gastrin 
(upper panel) and secretin (lower panel). 
Between 8 and 13 single observations 
contributed to each mean and standard 
error bar. 
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Discussion 


We have shown that there are pronounced changes 
in gut hormone response to the physiological 
stimulus of milk feeding during the neonatal period 
in preterm infants. One significant finding was that 
plasma levels of these 6 gut hormones tended to be 
relatively constant during the early neonatal period, 
with little or no changes after a feed, whereas there 
were marked phasic responses to feeding by day 24. 
These developmental changes occurred despite the 


fact that at 6, 13, and 24 days the feed volume, feed 
frequency, and mode of feeding were the same. 

The developing rise in GIP after a feed may be a 
contributory factor in the improvement in glucose 
tolerance? and increased insulin releasei?-14 des- 
cribed in the neonatal period. GIP is thought to be 
the principal humoral effector in the enteroinsular 
axis!5-16 and its release in adults therefore largely 
accounts for the increased insulin response to oral 
compared with intravenous glucose. It has been 
shown by King et al ¥ that there is no enhancement 


of insulin release by oral glucose in the first 3 days of 
life, and this is consistent with our observation of a 
lack of GIP response at this age, whereas it is 
possible that the findings of Nakai et al!* of an 
increased insulin response to oral glucose after age 
20 days could be accounted for, in part, by the start 
of the ability to secrete GIP after a feed. 

The physiological role of neurotensin is ill under- 
stood in man. There is evidence to suggest that this 
peptide may be a peptidergic neurotransmitter as 
well as an ileal hormone.-” Its pharmacological 
actions are well known and include inhibition of 
insulin release, the production of hyperglycaemia, 
the release of glucagon, increased vascular perme- 
ability, and effects on small intestinal motility.!? Our 
studies show that the neurotensin response to a milk 
feed increases during the neonatal period, and that 
by day 24 the response is massive, far exceeding that 
described in the normal adult.? A small increase in 
neurotensin response has been noted in coeliac 
disease, ® presumably due to malabsorption with the 
passage of food into the terminal ileum where neuro- 
tensin-secreting cells are mast concentrated. 
However, if malabsorption accounted for the large 
neurotensin response in neonates then this response 
might be expected to decrease rather than increase 
with age. It is tempting to speculate that the high 
postprandial plasma neurotensin levels we have 
described, signify a unique role for this peptide in 
early life. 

Motilin is thought to play a physiological role in 
stimulating gastric and intestinal motility.*-*? High 
basal levels in neonates have been reported pre- 
viously by us? and others.? We have now shown that 
during the neonatal period, as basal levels rise, 
there is an increasingly large decline in plasma 
motilin after a feed. In adults, oral glucose produces 
a fall in plasma motilin, but a mixed meal, oral fat, 
and gastric distension all stimulate a rise.24 On this 
basis, a postprandial fall in motilin was an un- 
expected finding after a milk feed in neonates. It is 
possible, however, that our results should be inter- 
preted as a preprandial increase in motilin rather 
than a postprandial decline. Motilin is thought to 
have an interdigestive role? and perhaps this role is 
exaggerated. in the neonatal period, possibly because 
of the relatively large feed volume consumed at this 
age. In view of the effects of motilin on gastric 
contractility, we have also considered the possibility 
that a preprandial rise in plasma motilin could 
account for the so-called hunger contractions of 
the stomach described in term and preterm neo- 
nates.76 

We have shown that basal circulating plasma 
concentrations of the other 3 hormones—entero- 
glucagon, gastrin, and secretin—Treach high levels in 
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the early neonatal period and Riesen decline. 
The occurrence of phasic changes in the plasma levels 
of these hormones after a feed towards the end of the 
neonatal period could perhaps, be considered as due 
to a fall in the basal plasma concentration, rather 
than to a rise in the postprandial level. Thus the total 
area under the response curve between successive 
feeds actually decreased with postnatal'age, and 
consequently the development of a postprandial 
increase may be more apparent than real. However, 
it is not known if gut hormone receptors adapt to 
constant stimuli. If they do, then constant gut 
hormone levels may tend to have less effect and the 
start of phasic hormone changes could; result in 
enhanced target cell stimulation. 

This report has been confined to demm infants. 
Because we obtained blood samples only at times 
when blood was required for clinical monitoring 
we were unable to extend studies to the term infant 
after day 6. Nevertheless, the results of studies on 
term infants reported elsewhere,” are not compar- 
able with those on preterm infants because of the 
different methods of feeding and the, smaller 
quantity of milk consumed by term neonates in the 
first 6 days of life. However, on day 6 gut hormone 
responses in term and preterm infants are quali- 
tatively similar, with the same tendency to smali 
postprandial hormone changes. 

In conclusion, we have shown that kere are 
substantial developmental changes in gut hormone 
responses to milk feeding during the neonatal period 
in preterm infants and, in particular, there is a 
progressive development of hormone responses to 
feeding. In adults a mixed meal is followed by plasma 
increases in all the hormones reported. in this 
study,? ?* but it is difficult to compare adults with 
preterm neonates as they differ with respect'to mode 
of food intake (nasogastric feeding in ' preterm 
infants), feed-to-feed interval, and volume, of food 
consumed in relation to body weight. Clearly the 
development of phasic hormonal feed responses in 
neonates represents progression towards the adult 
pattern. However, we have shown that even towards 
the end of the first month of life, there are qualitative 
and quantitative differences between the gut 
hormone response patterns in neonates and those 
reported by others in adults, which may not relate 
entirely to differences in the mode of nutrition. The 
studies reported refer to healthy preterm neonates, 
and our observations should form the basis for 
further studies on sick preterm infants. Since the gut 
hormones may have important effects on postnatal 
adaptation, it is arguable that feeding regimens for 
sick newborn infants should be designed, as far as 
possible, to preserve the normal pattern of hormone 
responses seen at this age. | 
| 
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Aetiological factors in rickets of prematurity 


A R J BOSLEY, E R VERRIER-JONES, AND M J CAMPBELL 
Department of Child Health, University Hospital of Wales 


SUMMARY Six very preterm (<32 weeks’ gestation) infants who developed late-onset respiratory 
distress were each matched for sex and gestation with 2 control preterm infants. Radiologically and 
biochemically the diagnosis of rickets and rachitic respiratory distress seemed clear and the pattern 
conformed with other reports of the syndrome. The control infants were of similar gestational ages 
but there was a significantly higher incidence of pre-eclampsia in the pregnancies of index cases. Also 
significant was a prolonged illness of several weeks’ duration in the index cases; this illness was either 
heart failure due to patent ductus arteriosus or prolonged ventilation in the early weeks of life for 
apnoeic attacks. Awareness of these 2 aetiological factors shows the necessity of monitoring such 
infants for evidence of rickets. The use of water-soluble antirachitic prophylaxis such as 1 «-hydroxy- 
vitamin D or 1,25-dihydroxy-vitamin D is sometimes indicated. 


It is well-established that preterm infants have a 
tendency to develop rickets.!-? Glasgow and 
Thomas? described a syndrome of late-onset 
respiratory distress due to rachitic softening of the 
chest wall occurring in very preterm infants. There 
are other reports and accounts of preterm babies 
with bone disease in which the disease seemed to 
conform to a similar pattern and would appear to be 
rickets.4- 5 

We have seen 6 such infants in Cardiff, and we feel 


that they had rickets. Each was extremely preterm 
and had a similar biochemical and radiological 
pattern. Details are summarised in the Table and 
sample x-rays are shown (Figs 1, 2, 3, and 4). Three 
of them developed late-onset respiratory distress of 
a severe form interfering with their ability to feed. 
One had profound hypocalcaemia, a very high 
alkaline phosphatase concentration, and clinically 
gross tetany (unresponsive to oral supplements). In 
this infant (Case 1) the respiratory distress occurred 


Table Details of 6 infants who developed late-onset rachitic respiratory distress 


Case Gestation Birthweight 


(weeks) (g) 


Complications of 
pregnancy 


Delivery 


Complications in 
early infancy 


Features of the 
rachitic respiratory 
distress 


Vitamin D Respiratory distress 
dosage ———————— 
(Uj|day) Severity Age at onset 


(weeks) 


l 30 850 Severe Caesarean Patent ductus 200 +++ 12 Tetany; rib fractures; 
pre-eclampsia section weeks 4-10 pulmonary 
with failure ‘infiltrates’ 
2 30 1030 Severe Caesarean Ventilated for 200 ++ 7 Rib fractures; 
pre-eclampsia section 5 weeks for pulmonary changes 
apnoea and 
pneumonia 
3 30 1350 Severe Vaginal Patent ductus 400 ++ 12 Rib fractures; 
pre-eclampsia with failure pulmonary changes 
weeks 3-9 
4 30 1475 Severe Vaginal Apnoeic attacks 400 — 12 Rib fractures; 
pre-eclampsia in first 2 pulmonary changes 
weeks of life 
5 27-5 750 Recurrent Vaginal Recurrent 800 +++ 6 Pulmonary changes 
antepartum apnoea, marked 
haemorrhage ventilated for 
4] weeks 
6 30 1030 Recurrent Vaginal Diabetes mellitus 200 Tre 12 Rib fractures; 
antepartum weeks 2-10. gross pulmonary 
haemorrhage Required changes 
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Fig. 


Fig. 
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(Case 1.) Chest x-rav at age 12 weeks. 





(Case 1.) X-ray of right knee at age 14 weeks. 





Fig.3 (Case 1.) X-ray of right wrist at age 14 weeks. 





Fig. 4 (Case 6.) Chest x-ray at age 12 week s. 


at age 12 weeks and persisted for 4 weeks, as did 
the hypocalcaemia and tetany. There was no neutro- 
penia to suggest copper deficiency? and magnesium 
levels were normal (0:9 mmol/l; 2:2 mg/100 ml). 
X-rays of this child's chest showed rib fractures, 
osteoporosis and pulmonary collapse, and lung 
infiltrates similar to those described by Glasgow and 
Thomas.? 

This syndrome is in our experience occasionally 
seen in preterm infants despite routine vitamin 
prophylaxis, and yet no aetiological factors have 


been defined. We have used our index cases to try to 
identify aetiological factors. Each case was matched 
for gestational age, sex, and period of delivery with 
2 controls (for twins, two sets of twins, or if one 
survivor of twins, then similarly with a single survivor 
of twins). Possible aetiological factors were compared 
in the two groups using Pike’s method!" and 
Student's / test. 


Results 


Six index cases were matched with 12 control pre- 
term infants born in the same period March 1977- 
May 1978 in the same units. The mean gestational 
age of the index cases was 29-5 (SD 1-02) weeks, 
and that of the controls 29:8 (--0-83) weeks. The 
mean birthweight of the index cases was 1080 
( 4-256:8) g, and that of the controls 1267 ( +232- 5) g. 
The difference in mean birthweights was not signi- 
ficant (P —0-25). 

In the two groups, index cases and controls, the 
following factors were compared: severe pre- 
eclampsia (albuminuria, oedema, and diastolic blood 
pressure —100 mmHg), recurrent antepartum 
haemorrhage, initial respiratory illness (respiratory 
distress or recurrent apnoea), prolonged illness, 
initial serum calcium, and initial vitamin D pro- 
phylaxis. The prolonged illnesses were heart failure 
from patent ductus arteriosus (3 infants), ventilation 
for >4 weeks for apnoeic attacks and pneumonia (2 
infants), and neonatal diabetes mellitus (1 infant). In 
each of these, the illness exceeded 4 weeks in dura- 
tion and was a major problem of management 
compromising the infant’s survival. 

There was no significant difference in the incidence 
of antepartum haemorrhage, jaundice, initial serum 
calcium, or initial respiratory illness (respiratory 
distress or apnoea). The vitamin D prophylaxis dose 
was the same in both groups (Abidec multivitamin 
preparation, Parke Davies). 

Significant factors were severe pre-eclampsia in 
the pregnancy (5/6 index cases, 1/12 of the controls, 
P —0-05) and prolonged illness in the infant (4/6 of 
the index cases, 0/12 of the controls, P —0-025) using 
Pike’s method for each factor. Therefore pre- 
eclampsia in the pregnancy and a prolonged 
debilitating illness in the infant seemed to be 
aetiological factors determining the predisposition to 
rickets. There may be other factors but none was 
significantly identified in this small series. 

The results of this analysis show that very pre- 
term infants with major problems in their manage- 
ment are at risk for developing rickets. The most 
common illness was heart failure from a patent 
ductus arteriosus. 
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Discussion 


There have been many reports of rickets in preterm 
infants, and recently a report of respiratory distress 
apparently due to rachitic involvement of the chest 
wall. Rickets should be a preventable disease, and 
the fact that infants can develop respiratory distress 
as a result of this aroused our interest in the aetiology 
and why it seems to affect only a few infants. 

Our 6 infants were all ill with respiratory distress. 
One had severe tetany and hypocalcaemia very 
resistant to treatment with calcium. This infant also 
had pronounced respiratory distress sufficient to 
compromise her feeding. Two others had a similar 
degree of respiratory distress and another 2 infants, 
although very breathless, were tube fed throughout. 
We found no evidence of infection—haematological, 
viral, or bacterial—to cause this syndrome. 

Our analysis indicates that pre-eclamptic toxaemia 
is one aetiological factor. Pre-eclampsia would be 
expected to affect placental function, and Khattab 
and Forfar! showed that the transfer of calcium to 
the infant is impaired in pre-eclampsia. Also pre- 
eclampsia leads to a degree of hypoxia and starvation 
which may affect the liver and enzyme systems and 
perhaps affects the initial hydroxylation of vitamin 
D3 to 25-hydroxy-vitamin D (25-OHD) taking place 
in the liver. However, there may be other ex- 
planations. These infants had a low dose of vitamin 
D3 prophylaxis (800 IU or less daily) and it may be 
that the preterm infant is less able to absorb or 
hydroxylate vitamin D3 than the mature infant. The 
serial 25-OHD levels peiformed by Hillman and 
Haddad” showed that such levels fall in very pre- 
term infants, and later rise when they are 
gestationally equivalent to 36 weeks' gestation. There 
are no recent studies to indicate a suitable form or 
dose of antirachitic prophylaxis; current recom- 
mendations of 400 IU /day!? were presumably based 
on early studies. It is possible that the preterm 
infant needs either much larger doses of vitamin D3 
or perhaps 1,25 dihydroxy-vitamin D instead. 

Another factor must be operative however, as not 
all preterm infants born after pregnancies with severe 
pre-eclamptic toxaemia go on to develop rickets in 
early infancy. We think the debilitating illness may 
be the other contributory influence. 

Infants with heart failure from a patent ductus 
arteriosus may have a congested liver and gut, and 
therefore a degree of malabsorption and impaired 
liver function. It would not be surprising to see the 
metabolism compromised in the sick infant, various 
enzymes and cofactors could be depleted, and 
hydroxylation of vitamin D3 to 1,25-dihydroxy- 
vitamin D be thus limited. 

As in the infants reported by Davies eż al? and 


686 Bosley, Verrier-Jones, and Campbell 


Glasgow and Thomas? the vitamin D level at the time 
of presentation with rickets was not unduly low. In 
one baby in our series a level was obtained at the time 
of presentation with late-onset respiratory distress, 
and was in the low normal range (15 ng/ml). Never- 
theless we feel from our biochemical, radiological, 
and clinical observations that the infants we describe 
had rickets, and that their respiratory distress and rib 
fractures were a feature of this also, as no other 
explanation for the respiratory features seems to fit. 
Copper deficiency seems unlikely as no baby showed 
hypoalbuminaemia or neutropenia, which are 
features thereof. We hope the 2 aetiological factors 
we describe will allow babies at risk to be monitored 
for rickets and that they be given appropriate 
antirachitic prophylaxis (possibly as 1,25-dihydroxy- 
vitamin D) early in their postnatal life. The only 
other fact that we noted is that 5 out of our 6 index 
cases were boys, as were 3 out of the 4 cases reported 
by Glasgow and Thomas.? 


We thank Dr Stuart Woodhead for the 25-hydroxy- 
vitamin D assay, Dr Graham Hinde, Consultant 
Radiologist, University Hospital of Wales, for 
opinions on x-rays, and Mrs Marilyn Morgan for 
secretarial assistance. 
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Nutritional rickets in 2 very low birthweight infants 
with chronic lung disease 


ALBERT E CHUDLEY, DAVID R BROWN, IAN R HOLZMAN, AND KOOK SANG OH 


University of Pittsburgh School of Medicine, Department of Pediatrics, Division of Neonatology, Magee- 
Womens Hospital, and the Department of Pediatric Radiology, Children’s Hospital of Pittsburgh, Pennsylvania, 
USA 


SUMMARY Two very low birthweight infants with rickets are described; one had a low 
serum 25-hydroxy-vitamin D3 concentration. Similarities in their clinical courses included low 
birthweights, low calcium intakes, uncertain vitamin D intakes, and chronic administration of 
frusemide and sodium bicarbonate—all potential aetiological factors in the development of bone 
undermineralisation. Both infants had a resolution of their chronic lung disease before their treatment 
for rickets. This experience has led us to the more cautious use of frusemide and sodium bicarbonate 
in infants at risk for rickets, and shows the need to ensure daily vitamin D supplements. 


Very low birthweight infants are known to be at risk gestation. The Apgar scores were 4 at one minute 
of developing vitamin D deficiency rickets.!-? In this and 3 at five minutes. She required mechanical 
report we describe 2 chronically ill infants of very ventilation from days 2 to 18 of life to treat 
low birthweights who developed rickets, and discuss respiratory distress syndrome. She needed increased 
the factors in their clinical courses that may be ambient oxygen until 100 days of age and the 
important in the development of their bone disease. diagnosis of bronchopulmonary dysplasia was 
confirmed on x-rays. 
Case reports Formula feedings were supplemented with a 
parenteral amino-acid infusion on days 5 to 12. 
Case 1. This 960-g girl was born at 27 weeks’ Routine multivitamin supplement (400 IU/ml 
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Fig.2 Comparison of expected in utero calcium 
accumulation!* and actual calcium intake in the first 10 
weeks of life before the diagnosis of rickets in Cases l 
and 2. 

Conversion: SI to traditional units — calcium: 

| mmol/l «4 mg/100ml. 


vitamin D) was ordered, but its daily administration 
was not recorded in her medical record. Feeds were 
often interrupted during the first 4 weeks of life 
because of respiratory problems. A mixed acidosis 
was treated with oral sodium bicarbonate (1-3 mmol 
per day) for the first 50 days. 

From 4 to 10 weeks of age oedema was present. In 
the absence of any other reason for the oedema, 
excessive sodium intake was suspected (Fig. 1), and 
at age 46 days the infant's formula was changed to a 
low-sodium formula which also contained three- 
quarters as much calcium as the initial formula 





(Fig. 2). Intermittent intramuscular doses of fruse- 
mide (1-2 mg/kg) were given for signs of pulmonary 
and peripheral oedema (Fig. 1). The oedema 
resolved by day 110 of life and treatment with 
frusemide was stopped. 

Clinical signs of rickets were noted at day 100 and 
the diagnosis was confirmed by x-rays (Fig. 3). 
Serum calcium (Ca) was 2:25 mmol/l (9:0 mg/100 
ml), inorganic phosphorus (P) 0:94 mmol/l (2:9 
mg/100 ml), and alkaline phosphatase 1415 IU/I 
(normal <480 IU/l). The low-sodium formula was 
replaced by a formula containing more calcium 
and sodium, and a daily dose of 5000 IU of vitamin 
D2 was begun. Three weeks later there was a 
pronounced x-ray improvement (Fig. 3), serum Ca 
was 2-42 mmol/l (9:7 mg/100 ml), inorganic P 
1-94 mmol/l (6:0 mg/100 ml) and alkaline 
phosphatase 716 IU/l. The infant was discharged at 
5 months on a standard formula plus a vitamin D2 
supplement of 400 IU /day. At 6 months she was well, 
and her serum Ca, P, and alkaline phosphatase 
concentrations were all normal. 


Case 2. This 850-g boy was born at 27 weeks 
gestation. Apgar scores were 4 at one minute and 7 at 
five minutes, and mechanical ventilation was used 
during the first 55 days of life to treat respiratory 
distress syndrome. Increased ambient oxygen was 
required until 90 days of age, and chest x-rays 
confirmed the diagnosis of bronchopulmonary 
dysplasia. 

From day 4 to day 8 of life he received a parenteral 
amino-acid infusion to supplement his formula 
feeds (Fig. 2). A daily vitamin preparation (400 
[U/ml vitamin D2) was ordered but its regular 
administration could not be confirmed. Oral sodium 
bicarbonate (1-3 mmol per day) was given as partial 
treatment for a mild mixed acidosis during the first 


Fig.3 (Case 1). X-rays of forearm. (a) At 
age 100 days, showing undermineralisation, 
metaphyseal flaring, and a pathological 
fracture of the distal radius. (b) After 3 
weeks’ treatment of rickets, showing 
improvement of the rachitic changes. 
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8 weeks (Fig. 1). Frusemide (2-3 mg/kg per day, 
intramuscular or oral) was given during the first 
10 weeks for signs of pulmonary oedema (Fig. 1). 

On day 105 the diagnosis of rickets was made 
clinically and by x-ray. Serum Ca was 1-85 mmol/l 
(7:4 mg/100 ml), inorganic P 1-16 mmol/l (3-6 
mg/100 ml), and alkaline phosphatase 2128 IU/I. 
Serum 25-hydroxy-vitamin D3 (25-OHD,) was 
<16:2 mmol/l (<6 ng/ml) (normal 35-216 mmol/l: 
13-80 ng/ml). The infant was treated with 5000 IU 
vitamin D2 for 3 weeks. Nine weeks later, the x-ray 
and clinical signs of rickets had resolved and serum 
Ca was 2:32 mmol/l (9:3 mg/100 ml), inorganic P 
2:0 mmol/l (6:2 mg/100 ml), alkaline phosphatase 
801 IU/l, and 25-OHD, >270 mmol/l ( —100 ng/ml). 


Discussion 


These two patients had rickets diagnosed at 3 to 4 
months of age. They each had a birthweight < 1000 g, 
respiratory difficulties that led to feeding difficulties 
with a resultant decrease in calcium intake, and an 
uncertain vitamin D intake; both were treated with 
sodium bicarbonate, frusemide, and a parenteral 
amino-acid infusion. All these clinical factors can 
cause or aggravate rickets. Unlike the patients 
described by Glasgow and Thomas,! our two infants 
appear to have had classical bronchopulmonary 
dysplasia,? which antedated the development of 
rickets. Both patients had a resolution of their oxygen 
requirement before the diagnosis and successful 
treatment of their rickets. 

Nutritional vitamin D deficiency was probably 
important in both patients. Serum 25-OHD, con- 
centrations were measured only in Case 2 who had a 
low value at an age when a normal serum concentra- 
tion should be present.® Additionally, a reduced 
dietary calcium intake could have played a part in 
causing rickets. Day et al.” demonstrated improved 
bone mineralisation in infants of very low birth- 
weights when dietary intake of calcium was increased 
to give the same intake as would have occurred in 
utero. Kooh et al.® reported a child with isolated 
dietary calcium deficiency and normal serum 25- 
OHD, concentration: the patient had clinical, x-ray, 
and biochemical bone disease indistinguishable from 
vitamin D deficiency rickets, which healed with 
dietary calcium supplementation alone. 

The drugs given to these patients may also have 
contributed to the development of rickets. Both 
frusemide and sodium bicarbonate can cause 
calciuresis in conjunction with natriuresis. Adults 
treated for hypercalcaemia with normal saline 
infusions have a pronounced increase in urinary 
calcium excretion.? Frusemide has been used in the 
treatment of hypercalcaemia because it increases 


urinary calcium excretion.!?-! Chronic administra- 
tion of frusemide to neonates has resulted in 
excessive calciuria, as well as nephrolithiasis and 
nephrocalcinosis.? Total parenteral nutrition!? has 
also been associated with systemic bone disease in 
infants of very low birthweights. However, the short 
duration of this treatment in our patients probably 
excludes it as a major factor in the development of 
their bone disease. 

A review of the clinical courses of the two rachitic 
infants thus suggested a number of potentially 
important aetiological factors including inadequate 
dietary vitamin D and calcium intakes, and 
prolonged treatment with sodium bicarbonate and 
frusemide. Although the relative contribution of each 
of these factors cannot be known, this experience 
stresses the need to guarantee the daily administra- 
tion of vitamin D supplements and calcium intake to 
infants of very low birthweights and the need to 
maintain a high index of suspicion for the occurrence 
of rickets in such infants receiving prolonged 
treatment with frusemide or sodium bicarbonate. 
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25-Hydroxycholecalciferol serum levels in breast-fed 


infants 


J A BIRKBECK AND H F SCOTT 


Department of Human Nutrition, University of Otago, New Zealand 


SUMMARY Serum 25-hydroxycholecalciferol levels were measured longitudinally in a series of 
breast-feeding mothers and their healthy, term infants for up to 6 months after birth. Although 
levels both in mothers and infants were lower at 6 weeks’ postpartum than at delivery and in cord 
blood, there was little change thereafter with unsupplemented breast feeding. These findings do not 
support recommendations for routine supplementation of breast-fed term infants with vitamin D. 


Despite increasing enthusiasm for breast feeding, 
there is still controversy about whether breast-fed 
infants should receive supplementary vitamin 
preparation. Although some papers concerning 
vitamin D levels in the neonate have appeared 
recently, the effect of breast feeding for longer 
periods has not been reported. The purpose of this 
study was to find out if several months of breast 
feeding, without vitamin supplementation, would 
maintain adequate plasma levels of vitamin D in 
healthy, term infants. 


Materials and methods 


The purpose and methods of this study were 
explained to a group of women attending the 
antenatal clinic of the local hospital. Although this is 
the only area maternity unit, we cannot claim that the 
volunteers necessarily comprised a representative 
sample of the local population. Any woman with 
evidence of pregnancy disease was excluded; all 
infants were born at term and were healthy at birth. 
No mother or infant received vitamin D supplements 
during the study. 

Maternal venous and cord blood were sampled 
during the third stage of delivery. Capillary blood 
samples were obtained from the infants, if possible, 
at 3 weeks, 3 months, and 6 months after birth. All 
infants were solely breast fed during the period of 
study. 

Blood samples were collected without anti- 
coagulant, immediately centrifuged, and the sera 
were stored at —20°C and analysed as soon as 
possible. 25-Hydroxycholecalciferol (25-OHCC) was 
measured by a slight modification of the competitive 
protein-binding method of Preece et a/.!? Repro- 
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ducibility was examined by replicate analysis of a 
single sample: 10 replicates gave a mean value of 
18:1 ug/l (48:4 nmol/l), with a range of 15:8 to 
20-5 (42:2 to 54-8 nmol/l), SD 1-5 and coefficient of 
variation 8:3. Serum calcium levels were assayed by 
atomic absorption spectrophotometry, and inorganic 
phosphate by a molybdate micromethod of O’Brien 
et al. 


Results 


For all samples collected, the mean maternal venous 
serum 25-OHCC level was 28:5 ug/l (76:2 nmol/l) 
SD 11:8 (n=45), with a range of 9-7 to 56-2 ug’! 
(25:9 to 150-3 nmol/l). This larger sample showed 
the expected degree of seasonal variation, mean 
monthly values ranging from 49-3 ug/l (131-8 
nmol/l) in February (late summer) to 17-4 ug/l 
(46:5 nmol/l) in October (end of winter). The 
correlation between these levels and total monthly 
hours of sunshine was r= -0-59 (P —0-001). How- 
ever systematic changes in level with stages of late 
pregnancy or lactation may also produce variation. 
Cord blood samples in 36 of the infants gave a mean 
value of 28-4 + 10-7 ug/l (75-9 + 28-6 nmol/l) 
range 8:8 to 60-9 ug/l (23-5 to 162-8 nmol/l). 

In a smaller number of cases, it was possible to 
follow mother and infant longitudinally from birth 
for up to 6 months. The values for serum 25-OHCC, 
calcium, and inorganic phosphate for these mothers 
and infants are given in Tables 1 and 2. In some 
instances inadequate sample size precluded mineral 
analyses; due to the method of blood collection it Was 
not possible to measure alkaline phosphatase levels. 

The correlation between paired maternal and cord 
25-OHCC levels was high: r= +0-91 (P —0-001), as 
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Table 1 Maternal blood values (mean + SD) 


Serum Delivery Postpartum 

3 weeks 3 months 6 months 
25-OHCC 32-5413-2 26 1413-1 22.8469 24-342-2 
(ug/l) (n=14) (n= 12) (n= 8) (n=3) 
Calcium 2-08+0-18 2-3940 07 2.02--0.24 2-13 
(mmol/l) (n= 14) (n«4) (n=4) (n= 1) 
Phosphate 1-06+0:27 1-24+0 23 1-27+0-16 1 16 
(mmol/l) (n13) (n= 10) (n5) (n=2) 


Conversion: SI to traditional units-—serum calaum: 1 mmol/i«4 
mg/100 ml; phosphate. 1 mmol/l » 3-1 mg/100 ml; 25-OHCC: 
1nmol/1 ~ 0-374 ug/l. 


Table 2 Blood values (mean +. SD) in infants 


Serum Cord 3 weeks 3 months 6 months 
25-OHCC 27-8411-1 19-847-3 18-5437 17-245-2 
(up /1) (n= 14) (n==12) (n=8) (n=3) 
Calcium 2 38.0 30 2.552-0.10 2.222-0.17 2-28 
(mmol/l) (n= 14) (n=4) (n 4) (n- I) 
Phosphate 1:554-0.37 2 0640-11 1-8240 16 1-69 
(mmol/l) (n= 13) (n= 10) (nz 5) (n=?) 
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Figure Relationship between maternal and cord 
25-OHCC levels. 


shown in the Figure. In virtually every instance 
maternal levels were slightly higher than cord values. 
Correlations between maternal and infant levels from 
3 weeks’ postpartum onwards were not significant, 
although the number of measurements was small. 

Although maternal levels of 25-OHCC did fall in 
these fully breast-feeding women between delivery 
and 3 weeks’ postpartum, there was no change 
thereafter. Infants showed a similar trend. In no case 
was the infant value considered to represent a 
hazardous level. 

Few infants in New Zealand remain solely breast 
fed at age 6 months. In view of the small number of 
babies no attempt was made to relate the longitudinal 


changes to season. AI! values for serum calcium anc 
phosphate both in mothers and infants were withir 
recognised limits for age. 


Discussion 


Harrison? stated: ‘The rare cases of rickets seen now 
in the United States are usually in breast-fed infants 
whose mothers have failed to realise that human milk 
is as deficient in vitamin D as is cows’ milk’... 
‘Babies fed human milk therefore need vitamin D 
supplements’. Although these forthright statements 
are based on erroneous premises, it should have beer. 
apparent that the implication, that the great majority 
of the world’s infants were vitamin-D deficient, must 
be absurd. 

The fallacy that human milk contained little of the 
vitamin began when Macy and Kelly? reported ¢ 
value of 4-2 USPU*/, although, as with most of thei 
data, this was quoted from a much earlier source*^ 
which reported bioassay values for human milk fat 
It was assumed that a fat-soluble vitamin would bx 
present only in the lipid phase. Lakdawala anc 
Widdowson® have pointed out that this value 
equivalent to about 0:1 ug/l, was substantially below 
other contemporary bioassay values for whole milk 
of up to 1:5 ug/l (for example Drummond et a/.9). 
This discrepancy was overlooked although Macy anc 
Kelly® themselves commented that ‘even withou! 
additional vitamin D, rickets is rare in breast-fec 
full-term infants except in the Negro’. 

The demonstration of aqueous-phase chole 
calciferol sulphate in human milki97H in substantia 
amounts,?13 coupled with evidence that thi: 
derivative is biologically active, has resolved the 
apparent paradox. Vitamin D sulphate is indeed alsc 
present in the aqueous phase of bovine milk. 
Furthermore the quantitative findings of Widdow. 
son'* suggest that a breast-fed infant of about agi 
3 months could receive about 7-5 ug vitamin D : 
day, well above the daily level of 2-5-5 ug which wa: 
felt to be adequate for most healthy, term infants! 
and from which the very cautious 10 ug recommendec 
daily intake was derived. 

In recent years there have been several reports o 
rickets seen in unsupplemented breast-fed infants 
and it has been implied or stated that all breast-fex 
infants require routine vitamin D supplementation 
Several of these reports relate to markedly pretern 
infants (for example, Lewin ef al, Tulloch,! 
Glasgow and Thomas," Davies ef a1.19). Some o 
these infants were receiving supplementary vitamii 
D, others were shown to have adequate blood level 
of 25-OHCC. O'Connor? reported two cases in tern 
infants: a 44-month-old black infant who initiall; 


* United States pharmacopoeia units. 
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had pronounced hypocalcaemia (with convulsive 
tetany) but without hypophosphataemia: the other 
infant was not diagnosed until aged 16 months and 
the relationship to breast feeding was less clear: in 
this case hypophosphataemia was pronounced but 
hypocalcaemia was negligible. Castile et al.2 reported 
two cases of ‘nutritional’ rickets, one of whom was 
breast fed until 8 months, had vitamin D 
supplementation until 9 months, and was diagnosed 
as rachitic at 12 months. Arnaud er a/.2! described 9 
cases of infantile rickets seen in Canada. Six of these 
babies were breast fed. One, aged 2 months, a ‘mild’ 
case, had been breast fed for only 1 month, and had 
diarrhoeal disease. This child was markedly hypo- 
calcaemic but normophosphataemic with only 
questionable skull demineralisation on x-rays. It was 
suggested that mild (stage 1) rickets was associated 
with serum 25-OHCC levels of 18 + 3 ng/ml 
(48 + 8 nmol/l) (quoting their normal range as 
36 + 12 ng/ml (96 + 32 nmol/l), moderate (stage 2) 
with 12 +2 ng/ml (32 + 5 nmol/l), and severe 
(stage 3) about 8 ng/ml (21 nmol/l)). These values 
seem rather high to be associated with rickets and 
suggest differences in the way the measurements 
were taken. Arnaud eż al.?! also described a 6-month- 
old infant, breast fed and unsupplemented, with early 
long bone changes, raised alkaline phosphatase, 
normal parathyroid hormone level, and relatively 
normal calcium and phosphate levels. Very few 
authors have reported urinary amino-acid levels, but 
Glasgow and Thomas!’ noted considerable amino- 
aciduria in their 4 preterm babies, which certainly 
did not disappear quickly with adequate treatment. 
No family metabolic studies were reported. 

There is increasing evidence that vitamin D 
metabolism and action in fetal life are different from 
those in postnatal life: it is possible that the 
hormonally-active metabolite may not be la, 25- 
dihydroxycholecalciferol, but for example 24, 25- 
DHCC.? In fetal life the principal tasks of such 
hormonal mechanisms would presumably be to 
enhance calcium transfer across the placenta, known 
to be an active process,23 and to promote bone 
mineralisation. 24, 25-DHCC, which is bound by 
transcalciferin about as strongly as 25-DHCC,?1-22 
although relatively inactive in promoting bone 
resorption, does strongly promote intestinal calcium 
absorption?! and by inhibiting parathyroid hor- 
mone secretion may enhance bone mineralisa- 
tion.?9 Thus 24, 25-DHCC might better qualify for 
fetal use than 1x, 25-DHCC: further work is clearly 
necessary. However this does mean that vitamin D 
metabolism in the preterm infant, at least initially, 
may be fundamentally different from that of term 
infants. For this reason the present study, and the 
conclusions therefrom, are confined to term infants. 


There is some uncertainty about the influence of late 
pregnancy on maternal 25-OHCC levels. Turton 
et al?" reported that nonpregnant white women had 
a mean 25-OHCC level of 9 ng/ml; 24 nmol/l 
(7-11 ng/ml (18: 7-29-4 nmol/l) + 1 SEM after log 
transformation), and while at 20-30 weeks of 
pregnancy the mean value was 7 ng/ml; 18:7 nmol/l 
(6-9 ng/ml (16-24 nmol/l) ), by 30-40 weeks it 
had returned to 9 ng/ml (6-12). All values were 
performed in February, so seasonal effects were 
excluded. However of course these are not longi- 
tudinal values in individual women. 

Weisman et a[?* reported mean maternal serum 
25-OHCC at term of 20-0 + 7-0 ng/ml (53:5 + 
18:7 nmol/l) ( 4- SD) in white women compared with 
31:8 + 6:7 ng/ml (85:0 + 17-9 nmol/l) in non- 
pregnant controls, and 13-8 + 1:5 ng/ml (36:9 + 
4-0 nmol/l) and 19:4 + 6:0 ng/ml (51:9 + 16-0 
nmol/l) respectively in black term pregnant and 
nonpregnant women. 

Fairney et al., while noting a wide variation in 
serum 25-OHCC in recently-delivered women, found 
that such women had a somewhat higher value than 
men or nonpregnant women in the same season. 
Lactating women had higher values both then and 
4-6 weeks later than similar women who were not 
lactating. Lactating women just after delivery had a 
mean value of 30 ng/ml; 80 nmol/l (range 15-44 
ng/ml (40-118 nmol/l)) and nonlactating women 
23 ng/ml; 62 nmol/l (range 18-29 ng/ml (4877.5 
nmol/l) ). These values were unchanged after 4-6 
weeks. The method used did not separate 25-OHCC 
from 24, 25-DHCC. Serum calcium level (2:3 -- 0-12 
nmol/l; 9-2 + 0:48 mg/100 ml (+ SD)) and 
phosphate (1:26 + 0:27 mmol/l; 3:9 + 0-8 
mg/100 ml) also did not change during the 4-6 week 
period in lactating women. Calcium absorption from 
the intestine however is known to be enhanced during 
pregnancy,? and prolactin enhances renal 1a- 
hydroxylation of 25-OHCC.?! Plasma transcalciferin 
is also raised,?? so it appears that the dynamics of 
vitamin D metabolism and action are probably much 
changed in pregnancy and perhaps in lactation too. 

There are numerous reports of the levels and 
relationship of maternal and cord blood 25-OHCC. 
Rosen et al’? reported immediate postnatal 
25-OHCC levels of 28 + 2 ng/ml; 75 + 5 nmol/l 
(SE) in mothers (n—11) and 23 + 2 ng/ml in their 
term infants (not cord samples, but collected before 
any milk feed); the correlation between the two was 
r = --0:97. Hillman and Haddad?! reported in 
7 term singletons a mean cord level of about 19 
ng/ml; 51 nmol/l (range 6-33 ng/ml (16-88 nmol/l) ) 
in cord blood. Levels changed little in the first 2 
postnatal weeks. Hillman et al.” reported cord blood 
25-OHCC level in 10 term infants of 14-2 ng/ml; 
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38 nmol/l (SE 2-5) with a range of 4-26 ng/ml 
(11-70 nmol/l), and at 7 days a mean of 11:4 + 0-8 
ng/ml (30:5 + 2-1 nmol/l) with a range of 9--16 ng/ 
ml (24-43 nmol/l) in 9 infants. Weisman ef al.?° 
reported a mean maternal 25-OHCC at term of 
20-0 + 7-0 ng/ml; 53-5 + 18:7 nmol/l (--SD) and 
13-8 + 1:5 ng/ml (36-9 + 4-0 nmol/l) in the cord 
blood of their white infants. Values in blacks were 
distinctly lower. They found that 24, 25-DHCC levels 
were about 10% of the 25-OHCC levels (2:3 + 1-1 
and 20-0 + 7-0 ng/ml (5:9 + 2-8 and 53:5 + 18-7 
nmol/l) respectively). The correlation between 
maternal and cord values was r= --0-67. These were 
contrasted with values in nonpregnant whites of 
31-8 + 6:7 ng/ml (85-0 + 17-9 nmol/l) in white 
and 19:4 + 6-0 ng/ml (51-9 + 16:0 nmol/l) in black 
women. The levels of 24, 25-DHCC also tended to be 
higher in nonpregnant women. The seasonal 
variation in cord blood 25-OHCC level was stressed 
by Frédérich et al. who found a correlation of 
r= +0-92 with hours of sunshine. 

At present there are no data available on the 
quantitative relationship between vitamin D levels in 
maternal blood and in her milk, although in view of 
the wide range of 25-OHCC levels seen in healthy 
adults one might assume that some relationship was 
likely. While dietary evaluation was not undertaken 
in these mothers, studies on young adult New 
Zealand women suggest? that a median dietary 
intake of only 0-8 ug/day would be expected. 
Clearly skin synthesis is the major source, and 
maternal 25-OHCC levels suggest that this was 
fully adequate during pregnancy at least. 

An insufficient oral intake of vitamin D is not the 
cole factor in rickets. Inadequate intake or in- 
appropriate proportions of calcium or phosphate 
may be important. 43 Tt is not clear to what extent 
solar irradiation of the infant itself may provide some 
vitamin synthesis: there is certainly a tradition 
favouring this in New Zealand. Finally it is still 
uncertain to what extent genetic factors determine 
individual susceptibility to rickets. There is some 
evidence??-1? that the renal tubular aminoaciduria 
seen in most rachitic infants may in part have a 
genetic basis, since usually some close relatives of the 
affected infant manifest excessive urinary amino-acid 
and sometimes also phosphate excretion; also 
adequate treatment of the rickets frequently reduces, 
but does not abolish, the aminoaciduria in the 
affected infant. Perhaps the genetic anomaly results 
in susceptibility to rachitic abnormalities at levels of 
circulating vitamin D little below the normal range. 

It is unfortunate that cases of 'nutritional' rickets 
are still reported without measurement either of 
serum 25-OHCC levels or of urinary amino-acid 
excretion. If we assume that the serum 25-OHCC 


level accurately reflects adequacy of intake or 
production of vitamin D as well as of the hepatic 
hydroxylation step, the present study suggests that in 
optimum circumstances human milk alone can 
provide sufficient dietary vitamin D for the needs of 
the term infant for up to the first 6 months of life. 
There 1s thus no justification for the routine admini- 
stration of vitamin D supplements to such infants, 
but rather these should be reserved for instances 
where environmental factors may place the infant in 


jeopardy. 

It is probable that ‘dietary vitamin D deficiency’ 
represents an oversimplification of the problem of 
rickets, and that more detailed investigation into the 
interrelationship of the vitamin, calcium, and 
phosphate intake and into hormonal and renal 
tubular mechanisms is needed. 
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Immune responses to liver membrane antigens in 
patients with cystic fibrosis and liver disease 


GIORGINA MIELI-VERGANL HELEN T PSACHAROPOULOS, ANDREA M NICHOLSON, 
A L W F EDDLESTON, ALEX P MOWAT, AND ROGER WILLIAMS 


Liver Unit and Department of Child Health, King's College Hospital and Medical School, London 


SUMMARY  Biliary obstruction by viscid mucus, although important, may not be the only factor for 
the development of liver disease in some patients with cystic fibrosis. In the present study the relation- 
ship between immune responses to liver antigens and the presence of liver damage was investigated 
using the leucocyte migration test and lymphocyte cytotoxicity to isolated rabbit hepatocytes. 
Inhibition of leucocyte migration by purified liver-specific lipoprotein, derived from hepatocyte 
plasma membrane, was found in 9 of 11 children with liver disease, but in only 5 of 14 with cystic 
fibrosis and no overt liver disease (P 0-025). Lymphocyte toxicity to isolated rabbit hepatocytes 
was significantly increased in 10 of 13 children with liver disease, but in only 6 of 29 children without 
liver disease (P 0-001). Experiments using lymphocyte subpopulations showed that the cytotoxicity 
was mediated by a non-T-cell population and could be blocked with liver-specific lipoprotein in 7 
out of 10 cases, suggesting that the reaction in these patients was specifically directed against liver- 
specific lipoprotein. The study suggests that sensitisation against liver membrane antigens, whether 
arising primarily or secondarily in some way to other hepatic lesions, may contribute to the pro- 


gression of liver damage in cystic fibrosis. 


About 40% of children with cystic fibrosis (CF) 
eventually develop abnormalities of liver function, 
and between 2 and 20% have been reported as 
having clinically significant chronic liver disease.1~4 
The pathogenesis of such liver disease is unknown, 
although one important factor is primary biltary 
obstruction by viscid mucus.5-9 Some immunological 
abnormalities have been demonstrated in patients 
with CF—such as immediate skin hypersensitivity 
reactions to a wide variety of allergens, raised serum 
IgE, precipitating antibodies to bacterial and fungal 
antigens, and allergens in the sputum,^-? immune 
complexes in serum and sputum,? antinuclear 
factors,” and lymphocyte sensitisation against 
antigens, in homogenates of pancreas and lung. 
Since immune reactions against liver antigens may 
underlie the progressive liver damage in other forms 
of chronic liver disease in children, and in 
adults,?-15 we have studied, using similar test 
systems, children with CF with or without apparent 
liver disease. These systems comprised lymphocyte 
cytotoxicity to isolated hepatocytes and leucocyte 
migration inhibition in response to a liver membrane 
protein, liver-specific lipoprotein (LSP), one of the 
target antigens known to be affected in liver- 
directed cytotoxicity in chronic active hepatitis. 


Patients and methods 


The children with CF participating in this study 
were attending outpatient clinics at King's College 
Hospital, The Hospital for Sick Children, and 
Sydenham Children's Hospital. Their parents had 
agreed to further investigations being performed 
after they had been given full explanations of the 
tests. 

Liver disease was considered to be present when 
at least two of the following parameters were 
abnormal: liver palpable more than 4 cm below the 
costal margin, spleen palpable more than 1 cm below 
the costal margin, aspartate transaminase (AST), 
gamma glutamyl transpeptidase (gamma GT), and 
alkaline phosphatase levels above upper limits of 
normal for the laboratory (40 IU/1, 45 IU/1, and 
260 IU/1 respectively). Such clinical and biochemical 
evidence of liver disease was present in 14 of the 45 
patients (Table). The mean age of the whole group 
was 9:9 (range 2-18) years, but those with liver 
disease tended to be older, there being an increase in 
the prevalence of liver disease with increasing age 
(P<0:01, Wilcoxon Rank test) There was no 
difference in the sex ratio between those with and 
those without liver disease. All but 2 of the children 
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Table Clinical and laboratory data for children with cystic fibrosis and liver disease 


—  ——————————————————————————  — a MÀ Han 








Case Sex Age Liver Spleen AST gamma GT Alkaline Cytotoxicity LMT* Liver biopsy 
(years) size size QU] | QUJl) phosphatase | (94) (MI) 
(cm) (cm) QUII) 
1 M 9 8 3 31 40 197 94 — 
2 F 13 2 8.5 90 104 406 91 0-60 
3 M 15 3 8 74 122 546 82 — 
4 F 13 7 12 69 162 795 85 0-69 Cirrhosis. Polymorphonuclear cell 
infiltrate in the portal tract 
5 M 16 4.5 | 20 8 att 85 0-8 
6 M 3 4.5 0 59 16 124 78 0-61 
7 F 8 6 3 61 2 222 77 0-60 Cirrhosis. Mixed inflammatory 
cells in the portal tract 
8 F 17 4 7 134 180 478 48 0-77 Fibrosis. Dense mononuclear infiltrate 
in the portal tract. Severe piecemeal 
necrosis 
9 F 13 5 16 56 108 324 10 0-99 Macronodular cirrhosis. 
Polymorphonuclear cell infiltrate 
in the portal tract 
10 M 10 7 0 169 124 243 32 1-03 
11 M 8 7 3 56 100 320 88 71 Fibrosis. Moderate disruption 
limiting plate. Mixed inflammatory 
cells in the portal tract 
12 F 11 7 3 33 96 240 63 0-75 
13 M 10 0 0 111 176 269 — 0-71 
14 M 14 0 0 46 60 228 0 — 
Normal values <40 <45 - 260 35 0.85 





*Leucocyte migration test (migration indices). 


were being treated with pancreatic enzymes and 
vitamins, and 39 children were taking antibiotics. 

Liver biopsy performed in 5 of the children with 
apparent liver disease showed severe fibrosis in all, 
with cirrhosis in 3. In | there was a considerable 
mononuclear infiltrate in the portal tract and 
periportal areas, with severe piecemeal necrosis of 
periportal hepatocytes, and 2 had moderate mixed 
inflammatory cell infiltrates in the portal tract, 
associated with moderate disruption of the limiting 
plate in one. In the remaining 2 cases, the inflam- 
matory cells were predominantly polymorphonuclear 
and the limiting plate was intact. 

Children attending outpatients for a variety of 
disorders, who required venepunctures for investi- 
gations, served as controls (enuresis (6), failure to 
thrive (10), mild upper respiratory tract infection (3), 
abdominal pain (2), previous urinary tract infection 
(1), obesity (1), heart murmur (1), circumcision (1), 
suspected hyperparathyroidism (1), arthralgia (1), 
trauma (1)). None had clinical or biochemical 
evidence of hepatocellular disease. 


Leucocyte migration test. Purified human LSP, 
prepared as described elsewhere,'$ was used as 
antigen in the leucocyte migration test. The technique 
used for the leucocyte migration test was that 
described by Mitchell er a/.!* Preliminary experiments 
showed that the highest concentration of lipoprotein 
which could be used in the test without obtaining 
nonspecific inhibition of migration was 50 ug/ml, 


and this concentration was therefore used throughout 
the study. Migration indices were calculated as the 
ratios between the areas of migration in chambers 
with and without LSP. 

The leucocyte migration test was performed in 25 
of the children with CF, 13 boys and 12 girls, mean 
age 10 (range 2-18) years, and in 12 control children, 
8 boys and 4 girls, mean age 6:7 (range 2-11) 
years; 11 out of the 25 children in whom the 
leucocyte migration test was carried out had liver 
disease and their mean age was 11-7 years. 


Cytotoxicity to isolated rabbit hepatocytes. 


Preparation of lymphocytes 
Lymphocyte-rich plasma was obtained from 10 ml of 
peripheral blood by sedimentation with 1 ml of 6% 
dextran containing 100 um of preservative-free 
heparin. After diluting 1:1 with RPMI 1640 medium 
with glutamine (Flow Laboratories Ltd), plasma was 
incubated in a cotton-wool column at 37°C for 15 
minutes to remove macrophages.!8 The leucocytes 
were then centrifuged over a Ficoll/Triosil density 
gradient to remove the remaining neutrophils and 
red blood cells.? After washing, the interface 
lymphocytes excluded trypan-blue and contained 
fewer than 1% neurophils and fewer than e 
macrophages. 

Subpopulations of lymphocytes were obtained on 
five occasions using the technique described by 
Cochrane er al.” A T-cellenriched lymphocyte 
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subpopulation was obtained by rosetting the B-cells 
with sheep red cells, plus antibody and complement. 
The nonrosetted T-cells were collected after 
centrifugation over a Ficoll/Triosil density gradient. 
In a similar way, a non-T-cell-enriched subpopula- 
tion was obtained by rosetting the T-Iymphocytes by 
Ficoll/Triosil centrifugation. Purity of the enriched 
population of lymphocytes was checked by rosetting 
with both E-and EAC-cells*! and by counting the 
percentage of T- and non-T-lymphocytes. T-cell- 
enriched fractions were contaminated with 3, 1, 4, 6, 
and 3% of non-T cells and non-T-cell-enriched 
fractions with 5, 16, 10, 6, and 7% of T-cells. 


Microcytotoxicity assay 

The methods used were those described previously? 
except that only collagenase was used in the enzyme 
solution and amphotericin B was added to the 
culture medium in addition to the existing anti- 
biotics. Isolated hepatocytes were prepared from a 
freshly-killed adult New Zealand white rabbit 
incubating 1-2 mm cubes of liver for 16 hours in 
enzyme solution. After washing with RPMI medium, 
the hepatocytes were seeded into wells in microtest 
culture plates (Falcon 3034) to achieve a final 
concentration of about 95% oxygen and 5% carbon 
dioxide for 24 hours at 37°C. The supernatant was 
then aspirated from each well and replaced ın 10 test 
chambers with 10 ul lymphocytes suspended in 10 
test chambers with 107; fetal calf serum. The 
concentration of lymphocytes was adjusted to 
produce a lymphocyte to hepatocyte ratio of 400:1. 
Medium alone was added to hepatocytes in 10 
control wells. After incubation at 37?C for a further 
48 hours the plates were inverted for 2 hours and 
then carefully washed with Hanks's balanced salt 
solution (Wellcome). The number of hepatocytes 
remaining in each well was counted at x 60 magni- 
fication using a graticule eyepiece. The difference 
between the mean number of cells in control and test 
wells, expressed as a fraction of the former, gave the 
percentage toxicity. The test was performed in 42 of 
the children with CF, 25 boys and 17 girls, mean age 
10 (range 2-18) years. 13 of them, with a mean age of 
12 years, had liver disease. The mean percentage 
cytotoxicity in 16 children in the control group was 
11% with a standard deviation (SD) of 12. Cyto- 
toxicity in excess of 35% (2 SDs above the mean) 
was considered positive. 


Results 


Leucocyte migration test. Significant inhibition, 
expressed by a migration index of less than 0-85 
(2 SDs below the mean value in the control subjects) 
was evident in 9 out of 11 children with liver disease, 
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Fig. 1 Leucocyte migration test in the presence of liver- 
specific lipoprotein in control children and in children 
with cystic fibrosis with or without liver disease. 


but in only 5 out of 14 children without evidence of 
liver disease (y? = 5:3; P « 0-025. Fig. 1). The 
9 children with liver disease and significant inhibition 
of migration included 4 of the 5 children with 
abnormal liver histology. The 1 child with abnormal 
liver histology and normal results to the leucocyte 
migration test was 1 of the 2 with predominantly 
polymorphonuclear cell infiltrates in portal areas 
and no disruption of the limiting plate. 


Lymphocyte cytotoxicity. Lymphocyte cytotoxicity 
was positive in 10 out of the 13 patients with liver 
disease, but only in 6 out of the 29 children without 
evidence of liver disease (y* — 12; P — « 0-001, 
Fig. 2). When the 5 children in whom liver biopsies 
were carried out are considered, the same 4 in whom 
inhibition in the leucocyte migration test was found 
also showed a positive cytotoxicity, the fifth was 
negative. 

By adding 1 ug purified LSP to tbe microtest wells 
in 10 cases with positive results the cytotoxicity was 
greatly reduced (P < 0-01; Wilcoxon Rank test, 
Fig. 3). In 7 cases the value in the presence of LSP 
fell to within normal range, but there were 3 patients 
in whom no effect could be detected. 

Subpopulations of T- and non-T-lymphocytes 
were prepared in 5 of the cases showing cytotoxicity 
in the standard assay. Significant cytotoxicity was 
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Fig. 2. Lymphocyte cytotoxicity to isolated rabbit 
hepatocytes in control children and in children with 
cystic fibrosis with or without liver disease. 
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Fig. 3 Effect on lymphocyte cytotoxicity if liver-specific 
lipoprotein is added to the microculture wells 
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Fig. 4 Lymphocyte cytotoxicity using unfractionated 
lymphocytes and T- or non-T subpopulations. 


again observed in every case when the non-T-cells 
were added to the hepatocytes, while negative results 
were consistenly observed using the preparation 
enriched in T-lymphocytes (Fig. 4). | 
There was good agreement between the results 
obtained with the leucocyte migration test and 
lymphocyte cytotoxicity to isolated rabbit hepato- 
cytes. Of 12 cases with significantly increased 
cytotoxicity, 10 (83%) showed significant inhibition 
of leucocyte migration, while this was present in only 
4 (40%) of the 10 cases with normal results in the 
cytotoxicity assay (x? = 4:4; P > 0-05). | 


Discussion 


In the present study, using in vitro inhibition of 
leucocyte migration in the presence of LSP and 
cytotoxicity of lymphocytes for isolated rabbit 
hepatocytes, we were able to show a clear correlation 
between immune reactions against liver antigens and 
liver disease in children with CF, particularly. in 
those with altered liver histology. Furthermore, the 
results obtained with lymphocyte subpopulations in 
the cytotoxicity assay indicated that the effector 
cells are non-I-lymphocytes, since they bear 
receptors for complement. The same populations of 
cells were seen to be the in vitro effector in chronic 
active hepatitis and to be blocked by aggregated IgG, 
indicating that they also have receptors for immuno- 
globulin.” In chronic active hepatitis the most 
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likely mechanism responsible for the cytotoxicity 
is that Fc receptor-bearing lymphocytes, K-cells, 
become attached to the hepatocytes on liver cell 
surface.?? T-cell involvement however, has not been 
excluded. Indeed, it is likely that this test system, 
in which rabbit liver cells are incubated with human 
lymphocytes, is unsuitable for demonstrating T-cell 
cytotoxicity since it has been shown that for optimum 
T-cell cytotoxicity, the target cells and the effector 
cells must share histocompatibility determinants.** 
Whatever the cellular basis, the blocking studies 
show that LSP is an important target cell antigen in 
most cases. The absence of blocking effect in three 
cases however, suggests that other hepatocyte 
membrane antigens may also be affected. The results 
of the leucocyte migration test provide further 
evidence of an immune response to LSP in many 
patients with liver disease complicating cystic 
fibrosis, but the possible cellular interactions in this 
test system are also complex. While inhibition of 
leucocyte migration can indicate the presence of 
sensitised T-cells, it may also be mediated by cell- 
bound antibodies.*4 

The frequency of liver disease in CF varies 
considerably but this is at least partly related to the 
sensitivity of the tests used in the assessments. Àn 
abnormal liver scan has been found in 40 %,! raised 
alkaline phosphatase concentrations in 47% of 
patients older than 16 years,? and high gamma GT in 
30—6097.35 Clinically apparent liver disease ranges 
from sporadic observations*™ to 20% in series.* 
Dietzsch et al.,2” who performed liver biopsies in a 
large series of children with CF, before clinical 
evidence of liver disease became apparent and in 
some cases before there were biochemical changes, 
found the characteristic hepatic abnormalities of 
CF (portal fibrosis, bile duct dilatation, and mild to 
severe cholangitis) in 9 (11-795) out of 77 children. 
Of the remaining 68 patients however, 25% had 
‘unspecific reactive hepatitis’ and 40% had fatty 
changes. Furthermore, Feigelson et a/.*? recently 
stressed that children with CF and clinically apparent 
liver involvement (1697) may have two different 
types of cirrhosis, one being of the cholestatic type 
and the other with little or no cholestasis. In the 
present study we noted considerable variation in the 
character of the cellular infiltrate in the liver biopsies 
reviewed, ranging from a predominance of poly- 
morphonuclear leucocytes and intact limiting plate 
on the one hand, to a dense mononuclear infiltrate 
extending into the lobules on the other. The latter 
features are similar to those seen in chronic active 
hepatitis, and in adults with this condition there is a 
close relationship between these histological abnor- 
malities and both cellular and humoral immune 
reactions against liver antigens. Indeed, in rabbits 


repeated immunisation with liver-specrfic lipoprotein 
is associated with the development of similar changes 
in liver histology which can progress to cirrhosis.” 
Thus, while biliary obstruction by viscid mucus may 
be an important factor in determining liver involve- 
in CF, sensitisation against LSP and other liver celi 
membrane antigens, whether arising primarily or, 
more likely, due to genetic predisposition and 
triggered by environmental factors, may contribute 
to the progression of liver damage. 
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Gastrointestinal mast cells in health, and in coeliac 
disease and other conditions 


L DOLLBERG, M GUREVIIZ, AND S FREIER 


Department of Paediatrics, and Institute of Pathology, Shaare Zedek Medical Centre, Jerusalem 


SUMMARY [Intestinal biopsies were performed in children suffering from coeliac and other diseases 
and were stained by the 'astra-blau' method for visualising granulated mast cells. The density of 
granulated mast cells (per microscopical field) in treated coeliac disease and in 3 control groups 
(patients suffering from milk allergy, failure to thrive, or protracted diarrhoea) was 15-18 cells per 
microscopical field, which contrasted with a mean of 6-8 cells in untreated coeliac disease. It is 
concluded that exposure to gluten in coeliac disease results in degranulation of mast cells, while 


exposure to milk in milk allergy has no such effect. 


The mast cell is of mesenchymal origin. It appears to 
be essential for the growth and repair of tissues, and 
it participates in inflammatory and immunological 
reactions. The distribution of these cells in the body 
varies from organ to organ. In the intestine the mast 
cell can be found in the villi, around the glands of 
Lieberkühn, and within the submucosa of the small 
intestine and caecum.! The shape, number, and 
function of mast cells vary according to their site 
along the gastrointestinal tract. During fetal 
development, infancy, and childhood there is a 
steady increase in intestinal mast cells; with 
advancing age their numbers tend to decrease.? 
Intestinal mast cells in the rat differ from mast cells 
in other parts of the body, both histochemically and 
morphologically.4~ Intestinal mast cells in disease 
have received little attention. In Crohn's disease 
there appears to be a pronounced reduction of these 
cells in the affected tissue, while in ulcerative colitis 
colonic mast cells are increased.? In children with 
milk-protein allergy, an increase in IgE-bearing 
plasma cells has been described after milk challenge, 
while at the same time, degranulating mast cells can 
be discerned by electron microscopical examination." 
The purpose of this study was to investigate the 
numbers of mast cells in the intestine of children with 
coeliac disease and other diseases. 


Patients and methods 


Group 1. Patients with coeliac disease. Of our series 
of patients with coeliac disease we chose blocks of 
biopsy sections obtained from 1973 onwards. There 
were 25 blocks that were suitable for staining for mast 


cells. The ages of the children at biopsy varied from 
6 months to 4 years. The diagnosis of the patients 
depended on a detailed case history and investigation, 
failure to gain (or loss of) weight, intestinal biopsy, 
and response to a gluten-free diet. 


Group 2. This comprised 3 subgroups: (2a) 35 
children with mild protracted diarrhoea, of normal 
weights, and with jejunal biopsies that did not 
suggest coeliac disease. (2b) 19 children suffering 
from failure to thrive in whom biopsies ruled out the 
diagnosis of coeliac disease. (2c) 7 children suffering 
from milk allergy, diagnosed on clinical grounds 
according to the criteria given by Goldman ef a/.? 
the biopsy being taken while the child was on an 
allergen-containing diet. 


Group 3a and 3b. Children in groups 2a, b, and c, 
were also subdivided according to histological 
criteria. Group 3a (n— 36) had a completely normal 
intestinal histology; while 3b (n —25) had nonspecific, 
mild, histological changes—such as blunting of the 
villi and mild inflammatory exudate. 

10 children who had been diagnosed as suffering 
from coeliac disease by the above criteria at least 18 
months previously were rebiopsied while on a 
gluten-free diet. They were then placed on a gluten- 
containing diet and a further biopsy was taken 3 
months later. : 

Intestinal biopsy was performed with a standard 
infant size 2-port Crosby-Kugler biopsy capsule 
(Quinton Instrument Co., Seattle, Washington) 
After removal, the biopsy specimen was placed on 
mesh and fixed in Bouin's fluid. Sections of 5 um 
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thickness were stained with ‘astra-blau’.? Mast cells 
were counted using a light microscope and a 10 x 10 
enlargement. Five microscopical fields were chosen 
at random. Only those mast cells that were in the 
vicinity of the muscularis mucosa were counted.!^ 


Results 


Table 1 shows that the age ranges in coeliac patients 
and controls were similar, thus eliminating variation 
in numbers of mast cells due to the age of the 
patients. The mean numbers of mast cells in groups 
2a, b, and c ranged from 15 to 18 cells per micro- 
scopical field (Table 2). As there was no significant 
difference between them, they were therefore com- 
bined in one group and compared with the children 
suffering from coeliac disease. Group 3a with normal 
intestinal histology and group 3b, with nonspecific 
morphological changes had an equal mast cell 
content (Table 3). Table 2 and Fig. 1 show that 
children suffering from coeliac disease (group 1) had 
less than half the number of mast cells compared 
with children in group 2. Using the ż test the difference 
was highly significant (P —0-001 ). 





Table 1 Percentage of individuals in each age group 
Age (months) Coeliacs Controls 
(n — 25) (n —61) 
6 0 4 
6-9.5 16 20 
10-12. 5 36 | 18 
13-18 inf 22 il 
19-24 12 10 
25-26 8 6 
>36 12 18 


Table 2 Mean numbers of mast cells per microscopical 
field 
Group Mean numbers of SD 
mast cells/field 








l (coeliac disease), n —25 6-8 3.85 
2a (protracted diarrhoea), n — 35 18-0 5.60 
2b (failure to thrive), n— 19 15-0 4.75 
2c (milk allergy), n=7 17-6 6-38 


Table 3 Mean numbers of mast cells per microscopical 
field 
Group Mean numbers of SD 

mast cellsjfield 
——— 
3a (n= 36) l 

3b (n—25) I 





UA v 


:33 
75 


Un CA 


: 
6: 
Groups 3a and 3b relate to the same patients as groups 2a, b, and c. In 
this table the patients are divided according to their histological 


criteria, group 3a being those with normal histology and group 3b 
those with nonspecific intestinal disease. 


703 


Children with treated coeliac disease had numbers 
of mast cells equal to those of the control groups. 
Three months after the introduction of a giuten- 
containing diet the numbers of granulated mast cells 
decreased in 9 of the 10 children in this group 
(Figs 2 and 3). 
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Fig. 1 Total and mean number of granulated mast 
cells per microscopical field in the groups. 
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Fig. 2 Mean numbers of granulated mast cells per 
microscopical field in treated and untreated coeliac 
disease. 
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Fig. 3 Change in numbers of granulated mast cells in 
duodenal biopsy in 10 patients while on gluten-free 
diet and after receiving gluten for 3 months. 


Discussion 


As the density of mast cells in the intestine is a 
function of the age of the individual? we took care 
that the ages of our coeliac patients were comparable 
with those of the control group. The control group 
comprised patients suffering from a number of 
conditions warranting intestinal biopsy, and included 
children with protracted diarrhoea without failure to 
thrive, most of whom could be classified as having 
suffered from the irritable bowel syndrome. Group 
2b had no demonstrable gastrointestinal disease; 
their intestinal biopsies were taken as part of our 
routine for children whose weights are «3rd centile 
without obvious cause. Group 2c were children who 
were subsequently shown to be suffering from milk 
allergy. The biopsy was taken on admission, while 
the patient was still symptomatic and on allergen- 
containing feeds. As all the noncoeliac patients had a 
comparable number of mast cells, they were con- 
sidered to constitute a valid control group. Further- 
more, no difference in mast cell density could be 
found in noncoeliac patients with normal intestinal 
histology compared with those with nonspecific 
inflammatory changes. 

The mast cell density in patients with active 
coeliac disease was less than half the density of 
15-18 cells per microscopical field 1n the controls. 
Our counts were not an artefact of the altered 
intestinal histology of coeliac disease, as we were 
careful not to count mast cells in villi, but only those 
near the muscularis mucosa, so that in all groups 


investigated the whole of the microscopical field was 
occupied by tissue. 

Our method of staining detects only granulated 
mast cells, so the changes which we have described 
refer only to granulated mast cells; we do not know 
what was the true number of mast cells. It must be 
remembered that degranulation does not destroy 
mast cells and these cells can regranulate in the 
course of time. 

Mast cells contain humoral mediators which 
participate in inflammatory and immunological 
reactions. These mediators include histamine, 
heparin, serotonin, and other anaphylactogenic 
substances." Degranulation which leads to the 
release of these mediators can occur in one of two 
ways: (1) Nonspecific damage—for example, trauma. 
(2) Specific damage—drugs, chemicals, allergens.!3 

Studies of isolated mast cell granules have 
provided considerable information about the mole- 
cular basis of binding and release of amines from 
the granules.? Immunoglobulin E attaches to the 
cell wall of mast cells. If this immunoglobulin 1s 
specific and comes into contact with the appropriate 
allergen, a series of enzymatic steps ensues which 
culminates in degranulation and release of the 
mediators.!* The basophil, which is the counterpart 
in peripheral blood of the tissue mast cell, has been 
studied in patients with asthma. The number of 
basophils is generally increased before the attack, and 
decreased during the attack. In the respiratory tract, 
an attack of asthma is accompanied by degranulation 
of mast celís.!5 

In view of these properties of mast cells, it is 
surprising that we could detect no reduced density 
of granulated mast cells in patients with milk allergy. 
This finding agrees however, with a previous study 
in which we subjected 6 children with milk allergy to 
intestinal biopsies 8-12 hours after acute challenge 
with theallergen. Electron microscopical examination 
of the mucosa could not detect any degranulation of 
mast cells (D Lagunoff, S Freier, 1975, unpublished 
data.) 

Children with coeliac disease on a gluten-free diet 
for at least 18 months and with normal intestinal 
histology have a normal density of granulated mast 
cells. The reduced density of granulated mast cells in 
untreated coeliac disease is therefore the result of 
exposure to gluten and is not the cause of the disease. 
This reduction in the granulated mast cell density can 
be detected 3 months after gluten challenge; perhaps 
it can be detected much earlier, but in this study 3 
months was the shortest period between the start of 
exposure to gluten and rebiopsy. The mechanism 
leading to degranulation of mast cells in our patients 
will probably only be understood when the nature of 
coeliac disease has been more fully studied. For the 


Gastrointestinal mast cells ın health, and in coeliac disease and other conditions 705 


moment, we can offer no more than a general 
statement that mast cells are known to participate 
in the inflammatory response as well as in tissue 
repair, both of which are probably present in 
untreated coeliac disease. 
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Aarskog's syndrome 


CAROLINE BERRY, JEAN CREE, AND TREVOR MANN 


Paediatric Research Unit, Prince Philip Research Laboratories, Guy's Hospital, London, and 
Royal Alexandra Hospital for Sick Children, Brighton, Sussex 


SUMMARY Six children with Aarskog's facial-digital-genital syndrome are described, and the 
genetics of the condition discussed. We suggest that this anomaly may be fairly common and that a 
syndrome identification centre could lead to earlier diagnosis of children with this and other 


syndromes. 


In 1970 Aarskog,! in Norway, described a syndrome 
associating short stature with certain anomalies of 
the face, hands, feet, and genitalia in 7 males from 
two generations of the same family. He favoured 
transmission as an X-linked trait, noting that the 
carrier women in the pedigree tended to be short. All 
7 were of normal intelligence. Since 1970 there have 
been several reports from transAtlantic sources,?~‘ 
describing similarly affected kindreds with full 
expression of features in males, and occasional 
minimal expression in the females. An account of 
the syndrome had already been given from the USA, 
for in 1967 Hanley et al.8 described 2 brothers with 
osteochondritis dissecans and associated mal- 
formations who undoubtedly had Aarskog’s 
syndrome. It has been suggested that an alternative 
descriptive term might be the facial-digital-genital 
syndrome. 

We now report 6 boys with the syndrome, 3 of 
them brothers; this is the first description of this 
malformation from the UK. The eldest of the 
affected 3 brothers will first be described in detail. 
The anomalies he shows together with those found 
in his 2 brothers and the other 3 children are listed 
in the Table. 


Case reports 


Case 1 (Fig. 1), the second child born to unrelated 
parents, was delivered in 1967 at 33 weeks’ gestation 
weighing 1:80 kg. At birth he was noted to have an 
odd facial appearance and abnormalities of the hands 
and feet. Further anomalies were noticed during his 
first 3 years, but the following observations were 
made when he was 10 years old. His height was then 
131 cm (10-25th centile), weight 32.9 kg (75-90th 
centile), and head circumference 51 cm (10th 
centile). His forehead was broad with a prominent 





"S 


Fig. 1 Facial features of Case 1. 


metopic suture, and his hairline showed a pro- 
nounced widow's peak. There was primary tele- 
canthus,* the inner canthal distance being 36 mm, 
the outer canthal distance 82 mm, and the inter- 
pupillary distance 58 mm. The Mustardé index?? 
was 62°%. He had slight right ptosis and was hyper- 
metropic and astigmatic. His nose was short and 


* Increased distance between the inner canthi, affecting 
only the soft tissues. 

t The ratio of the inner canthal to interpupillary distance 
(normal less than 55%). 
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Case 6 


Features Case 2 


. 1-85 


Birthweight (kg) 
Gestational age (weeks) 33 40 
Height centile 
Bone age 
Prominent forehead 
Metopic suture prominent 
Widow's peak 
Telecanthus 
Ptosis 
Broad nasal bridge 
Short stubby nose 
Flared anteverted nos‘rils 
Long prominent philtrum 
Thin upper lip 
Pouting lower lip 
Linear groove below lower lip 
High narrow palate 
Prominent point to chin (not prognathism) 
Ears: thickened dc wn-turned helices 

and fleshy lobes 
Long neck and sloping shoulders 
Long narrow chest 
Pectus excavatum 
Midline depression 

(xiphisternum to umbilicus) 
*Button' umbilicus 
‘Shawl’ scrotum 
Prominent median raphe 
Inguinal herniae 
Position of testes 
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Both retractile 


Clinodactyly 5th fingers with single 


or abnormal creases E + 
Simian crease + Broken 
In'erdigital webbing (mild syndactyly) + J- 
Hyperextensible fingers — Jj 
Genu recurvatum — +- 
Metatarsus varus + + 
Bulbous toes + J- 

IQ or DQ IQ 83 Normal 


stubby with anteverted nostrils, the nasal bridge 
being broad and prominent. The philtrum was long 
and the mouth wide, with a thin upper lip and a 
horizontal skin crease immediately below the lower 
lip. There was dental malocclusion with overbite. 
The palate was high and narrow. The ears had a 
thickened down-turned helix and a large fleshy lobe. 

He had a long neck with sloping shoulders and 
prominent sterno-clavicular joints. There was a 
minor degree of pectus excavatum in a long tubular 
chest, and a shallow midline depression continued 
from the xiphisternum to the umbilicus; the 
umbilicus was prominent and stood out like a button. 
The scrotum continued ventrally around the base of 
the penis giving a hooded appearance (shawl 
scrotum), and there was a pronounced median 
raphe simulating a bifid scrotum. Inguinal scars 
denoted previous repair of bilateral inguinal herniae 
(Fig. 2). Both testes were retractile. 

In the hands, the 5th digit showed clinodactyly 
and was short with a single ventral crease, although 
it had 3 interarticulating phalanges. There was 
webbing between the fingers, and abduction of the 


| year retarded Normal 


Left retractile 


Case 3 Case 4 Case 5 

2-64 3-00 2-94 

38 41 38 31 
<3 3-10 10-25 <3 


l year retarded Normal Not known 


T + + + 
Not known + T F 
+ + -+ + 
+ + + + 
a — — E: 
T + + + 
+ + + + 
+ + + + 
+ + + + 
T T + + 
+ + + + 
+ + ES + 
— + + + 
+ + c — 
+ -++ + + 
+ — — Not known 
+ + + + 
+ si + + 
-+ + + _ 
+ + + + 
+ + + T 
+ + + T 
+ + — + 
Right and left Both retractile Both retractile Both retractilz 
orchidopexy 

3 + + 
Broken -+ + — 
-+ + + T 
+ + + - 
— + + T 
T T + + 
+ + + => 
Normal Normal Normal Low normal 





Fig.2 Cases 1, 3, and 2 (left to right) Showing midline 
depression of chest, prominent umbilicus, shawl scrotum, 
inguinal herniorrhaphy scars. 


thumb was limited by interdigital webbing (Fig. 3). 
Each palm had a single, broken simian crease. 

The feet were short, flat, and broad with a pro- 
nounced degree of metatarsus varus. There was 
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Fig. 3 Right hands of Cases 1, 3, and 2 (left to right) showing interdigital webbing. 


webbing of the toes, and the distal portions of the 
Ist and 2nd toes were bulbous, the 2nd toe inclining 
away from the first. 

IQ was 83 on the Wechsler scale. Chromosome 
studies using Giemsa banding showed a normal male 
pattern. A vertebral x-ray showed no abnormality, 
and the bone age was normal. 

His two brothers Case 2 (Fig. 4) and Case 3 (Fig. 
5) have almost identical anomalies (Table). 





Fig. 4 Facial features of Case 2. 





Fig. 5 Facial features of Case 3. 


The mother of these 3 children (Cases 1, 2, and 3) 
showed some of their features. Her height was 
153 cm (3rd centile). Her eyes were prominent but 
there was no primary telecanthus. She had a broad 
thin upper lip and fleshy ear lobes. Her nose and 
palate were normal. There was clinodactyly 
of the 5th fingers and both these digits were short 


with single ventral creases; there was a fixed flexion 
deformity of the Sth metacarpo-phalangeal joints. 
Her Ist and 2nd toes were bulbous terminally. She 
has 3 brothers; one brother has hands and feet 
similar to hers, and looks very much like one of her 
affected sons. 

Her first child was found to have a widow's peak, 
fleshy ear lobes, clinodactyly of the 5th fingers, and 
slight bilateral metatarsus varus, but no other 
features of Aarskog's syndrome. His young sister 
also has a widow's peak and fleshy ear lobes, but 
none of the other striking features present in her 3 
affected brothers. The father showed no features of 
the syndrome. 

Identification of Aarskog’s syndrome in this 
family soon led to the recognition of the syndrome 
in the following 3 boys. They are not related to each 
other. 

Case 4 (Fig. 6) had been examined at birth by one 
of us (TM) and because of ‘a strange facies’ and 
other dysmorphic features, has been followed up 


+ 





Fig. 6 Facial features of Case 4. 
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Fig. 7 Case 4. Feet showing metatarsus varus. 


ever since. His height and weight have remained at 
between the 3rd and 10th centiles. He has normal 
intelligence although his school reported that he has 
learning problems, especially with mathematics. 
This child is remarkable in showing almost all the 
components of Aarskog’s syndrome so far described 
(Table). His mother is short (height 156-3 cm). She 
shows a slight widow’s peak, prominence of the 
chin, camptodactyly of the Sth fingers with a single 
crease on the right side, hyperextensibility of the 
metacarpo-phalangeal joints, short broad feet with 
metatarsus varus and bulbous ends to the toes 
similar to those of her son (Fig. 7). Her other child, 
a daughter, shows no sign of the condition. 

Case 5 was first seen at age 2 months in the 
orthopaedic clinic because of his metatarsus varus, 
and the syndrome was recognised at age 24 years. 
His features are listed in the Table. His mother is of 
normal height (167 cm) and shows no obvious 
features of Aarskog’s syndrome. 

Case 6 was diagnosed when being investigated for 
short stature at age 16 months. His features are 
shown in the Table. His mother’s height is only 155 
cm, but she has no sign of the condition. An elder 
brother is normal but a maternal first cousin, a boy, 
unknown to us, may be affected. 


Genetics 


This condition appears to be controlled by a single 
gene, but whether this is autosomal or X-linked is 
not clear. As all the initial cases were boys and their 
mothers sometimes showed minor features, an X- 
linked gene seems likely to be responsible. In 1975 
Berman et al.? reviewed families with good pedigree 
data and found evidence for transmission through 
females and some, but not all, of these women 
showed features of the condition. Two women had 
affected sons by two different marriages. This 
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suggested either an X-linked gene with partial 
expression in carrier females, or an autosomal gene 
with sex limitation leading to much greater ex- 
pression in males. To distinguish between these two 
possibilities, sons of affected males were studied. 
Four affected men had 7 unaffected sons, strongly 
supporting X-linked rather than autosomal control. 
However, since then Welsh (G Welsh, personal 
communication) and Harrist? have described an 
affected father and son, so that an autosomal 
dominant gene with sex limitation of expression has 
to be considered. The matter will become clearer 
when more families have been studied, although a 
later review" again favours the X-linked hypothesis. 


Discussion 


The finding of this malformation syndrome in 4 
unrelated families (6 cases) in the south of England 
suggests that the condition is not as rare as may 
appear from the scanty reports in the British journals. 
The problem for the paediatrician today is familiarisa- 
tion with the ever increasing number of new syn- 
dromes. We believe that there is a good case for setting 
up a national reference centre of syndromes. Had such 
a centre existed 8 years ago, the syndrome in the 
original family might have been recognised, and 
almost certainly a diagnosis would have been made 
in Case 4 shortly after birth. His parents have had 
8 years of anxiety about their son’s condition. 
Furthermore, when they sought genetic advice some 
years ago before embarking on a further pregnancy, 
they were told, incorrectly as we now know, that 
the chance of recurrence of the syndrome in another 
child was small. 

Affected children not detected at birth are 
commonly referred to an orthopaedic surgeon 
because of metatarsus varus or other limb ab- 
normalities; general surgeons may be consulted 
about inguinal herniae or cryptorchidism: eye 
problems are common and may lead to an 
ophthalmic consultation, or the child may be referred 
to a paediatrician because of shortness of stature. 
A national reference centre would surely heighten the 
awareness of all clinicians and lead to a speedier 
diagnosis of some of the more obscure syndromes, 
and to a greater understanding of their genetic 
implications. 


Case 4 was presented to the Paediatric Section of the 
Royal Society of Medicine on the 27 October 1978. 
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Brighton, and Guy's Hospital, London, for their 
help. 


Financial support was provided by the Royal 
Alexandra Hospital Centenary Research Fund, the 
DHSS, and the Spastics Society. 


References 


1 Aarskog D. A familial syndrome of short stature 
associated with facial dysplasia and genital anomalies. 
J Pediatr 1970; 77: 856-61. 

1 Scott C I, Jr Unusual facies, joint hypermobility, genital 

anomaly, and short stature. A new dysmorphic syndrome. 

Birth Defects 1971; 7: Pt 6, 240-6. 

Furukawa C T, Hall B D, Smith D W. The Aarskog 

syndrome. J Pediatr 1972; 81: 1117-22. 

Sugarman G I, Rimoin D L, Lachman R S. The facial- 

digital-genital (Aarskog) syndrome. Am J Dis Child 

1973, 126: 248-52. 

Kirkham T H, Milot J, Berman P. Ophthalmic manifesta- 

tions of Aarskog (facial-digital-genital) syndrome Am J 

Ophthalmol 1975; 79: 441-5. 

5 Duncan P A, Klein R M, Wilmot P L, Shapiro L R. 

Additional features of the Aarskog syndrome. J Pediatr 

1977; 91: 769—70. 

Fryns J P, Macken J, Vinken L, Ogodt-Ameye L, van den 

Berghe H Tbe Aarskog syndrome. Hum Genet 1978; 42: 

129-35, 

Hanley W B, McKusick V A, Barranco F T. Osteo- 

chondritis dissecans with associated malformations in 

two brothers. J Bone Joint Surg (Am) 1967; 49A : 925-37. 

Berman P, Desjardins C, Fraser F C. The inheritance of 

the Aarskog facial-digital-genital syndrome. J Pediatr 

1975; 86: 885—91. 

10 Harris D J. Male-to-male transmission of the Aarskog 
syndrome (abstract) In Littlefield J W, Ebling F J G, 
Henderson I W, eds. Fifth International Conference on 
Birth Defects, Montieal, Canada, 1977. Excerpta Medica, 
International Congress Series No 426. Amsterdam: 
Excerpta Medica, 1977: 95. 

H Escobar V, Weaver D D. Aarskog syndrome. New 
findings and genetic analysis JAMA 1978; 240: 2638-41. 


~ 


a 


1 


Correspondence to Dr Jean Cree, Royal Alexandra 
Hospital for Sick Children, Dyke Road, Brighton, 
Sussex BN1 3JN. 


Received 7 August 1979, 


Archives of Disease in Childhood, 1980, 55, 711-714 


Social and nutritional parameters of acute 


diarrhoea 


UELI BOLLAG 


Department of Gastroenterology, Children’s Hospital Zurich, Switzerland 


SUMMARY Data were collected on 60 children who were admitted for acute undifferentiated 
diarrhoea during a 5-month period to this hospital. Stool cultures for bacterial pathogens were all 
negative. Social and economic factors in the homes of the children were conspicuous. 


Diarrhoea is a common reason for admitting children 
to hospital. Pathogenic factors include the infectious 
agent (if any), host resistance, and immunological 
deficits, but nutritional and socioeconomic factors 
can also have a great effect on the morbidity of acute 
diarrhoea—at least in developing countries. In the 
present investigation the role of socioeconomic and 
nutritional factors was studied in children with 
diarrhoeal disease in a developed and industrialised 
country. 


Methods 


Data were collected from the case histories of 60 
patients admitted consecutively to this hospital for 
diarrhoeal disease during the 5 months from | 
January to 31 May 1977. 

Nationality, conditions at home, marital status of 
the parents, and the care of the child served as 
parameters of the social background. 

The child's nutritional status was assessed in terms 
of weight-for-age and height-for-age, which were 
related to the standards of Prader and Budliger.! 
Weight-for-height was recorded, and the weight on 
admission was compared with that at discharge. 
Prematurity and weight for gestational age at birth 
were factors also taken into consideration. 


Results 


The overall distribution in terms of the child's age 
and sex is shown in the Figure. 24 out of 60 children 
came from families of foreign labourers (Table 1). 
18 children came from unstable homes (Table 2). 
Seven children had either been born before 37 weeks' 
gestation, or had been small for gestational age 
(birthweight <10th centile), Table 3. The perinatal 
records for 6 children were missing, 
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jJj5 Gell D-23 21-74 7244 5144 
Age (months) 


Figure Age and sex distribution of 60 children 
admitted for diarrhoeal disease. 


Table 1 Nationality of 60 children suffering from 
diarrhoea 

Nationality Children 

Swiss 36 

Italian 13 

Spanish 4 

Yugoslavian 4 

Turkish 2 

German l 


a 


Table 2 Number of Swiss compared with foreign 
children from unstable homes 


——————— 


Foreign children Swiss children 
(n-13) (n — 5) 








Nursing home/family 

Day care centre (créche) 

Relatives 

Parents away from 
Switzerland for at 
least a week 

Neglect l 0 


———————— 


N 600 — 
N — 
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Table 3 Premature infants and those of birthweights below 2500 g compared with weight-for-height and 
height-for-age on admission and change in weight during admission 





Sex 


Áge Gestational age Birthweight On admission Weight 
(months) (weeks) (g) change 
Weight Werght Height Height 
(g) cente (em) centile 
18 F 40 2500 10150 25th 88 97th —370 
26 F 40 2500 12 000 25th-50th 90 75th —300 
27 M 36 2490 12250 10th-25th 95 90 0 
74 F 40 2500 16 150 3rd-10th 117 50 +850 
38 F 40 2500 10 400 < 3rd 95 25th—50th ? 
18* M 34 2400 8 300 « 3rd 72 3rd +68 
101 M Premature 2500 27 700 50th—75th 133 § 50th-75th 0 


*Weight, and particularly height, well below the 3rd centile. Congenital hypothyroidism was excluded 


28 children were underweight on admission 
(weight >1 SD below the expected weight for 
height). The discharge weights of 16 children were 
lower than they had been on admission to hospital 
and in 3 children weights on discharge remained the 
same (Table 4). 

The stools of all children admitted for diarrhoea 
were routinely screened three times for bacterial 
pathogens (enteropathogenic Escherichia coli, 
pathogenic Salmonella sp., and Shigella sp.) but not 
for viruses. All were negative. 


Discussion 


Boys were affected twice as often as girls. There were 
21 infants below 1 year and 20 children aged between 
1 and 2 years. 

The total population of Switzerland was 6 400 000 
in January 1977, of which foreigners accounted for 
990 000. The proportion is somewhat different for the 
age group 0-14 years, with 1 358 000 children of 
Swiss parents and 280 000 children of foreign 
parents. A disproportionate 40% of all children 
admitted for diarrhoea were still from the latter 
group. Most foreigners are labourers from 
Mediterranean countries; some are resident others 
are seasonal. They seek higher salaries, part of which 
is sent back to their families at home. As both mother 
and father work, children are often cared for else- 
where. The care a mother gives to her child is 
adversely affected by poverty and poor social 
conditions,? and this together with abrupt changes in 
feeding in quality or quantity must put the children 
at risk for gastrointestinal upset. 

Even if the nationality of the children were to be 
disregarded, the importance of such social factors is 
underlined by the fact that 30% of the 60 children 
came from unstable homes. Eight children stayed in a 
day care centre, 4 because both parents were working, 
and 4 because their parents were separated or 
divorced, or the mother was single. One child had 


been placed in a nursing home and 1 was with a 
different family. Three children whose parents were 
foreign labourers were taken care of by relatives, a 
feature of the extended family system of meridional 
people. ‘Granny’ protected a battered child of young 
Swiss parents. One 6-month-old boy who was 
obviously dirty and neglected on admission came 
from a Turkish family with 5 children below 10 years. 

Low birthweight babies (preterm or retarded 
intrauterine growth) are known to adapt poorly to 
physiological insults in the neonatal period. Seven 
(1294) of our group had low weights at birth, about 
double that in the Swiss population;? 5 of them 
showed an obvious deficit in weight-for-height on 
admission. 

This fact was also true for the whole group of 60 
children, of whom 28 (4754) were underweight on 
admission, although the heights of 23 of them were 
50th centile. Height-for-age can be looked on as 
indicating long-term previous dietary history, as 
opposed to weight-for-height which reflects the 
current nutritional status of the child.* Thus half the 
children were in a fairly acute state of malnutrition. 

This weight deficit did not merely reflect the acute 
state of dehydration, as shown by two observations. 
Firstly, the weights of many of the children, though 
rising during rehydration, dropped again when 
maintenance feeding was restored. Secondly, 17 
(28 94) of the children weighed less at discharge than 
on admission, and 2 (4%) showed a flat weight curve. 
We concluded that a substantial number of children 
were truly underweight before the acute disease, 
while some others were unable to cope with oral 
nourishment after they had been rehydrated.5 

Thus it seems that the well-known pattern of 
*malnutrition-diarrhoea' of poor countries is to a 
lesser degree also applicable to the so-called 
developed world, as far as special population groups 
are concerned. 

Stool cultures 1n our cases showed no pathogens, 
but even if pathogens had been found, they would not 
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necessarily have been the cause of the diarrhoea. This 
fact has been repeatedly proved in the case of 
enteropathogenic E. coli, where many carriers are 
asymptomatic.5-9 
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Short reports 


Giardiasis in infancy diarrhoea 
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B McNICHOLL 


Department of Paediatrics and Department of Me 
College, Galway 


———— — OOO 
SUMMARY Of 435 infants with diarrhoea aged under 
one year, 6% were found to have Giardia lamblia: 
the incidence ranged from 3% in housed infants to 
1255 in itinerant infants. All infants had duodenal 
fluid and faeces examined. Infants under 12 weeks 
may experience severe diarrhoea in association with 
infection by this parasite, but seem more likely to 
respond to metronidazole than older infants. 


tet ese 


Prevalence of giardiasis varying from 1:1 to 12-5% 
in different countries has been cited by Petersen,! 
who reported an incidence of 555 in a survey in 
Norway, rising to 15% in patients with diarrhoea. 
In a recent study? giardial cysts were found in 6% 
of 10932 faecal specimens from 4753 children and 
adults in Holland; none was found in 18 infants 
under 1 year, and the highest incidence (21 54) was in 
165 children aged between 5 and 9 years. Burke? 
described giardiasis in 7 children; 2 of them were 
under one year and the youngest was just 2 weeks. We 
could not find a report of combined duodenal and 
faecal screening for giardiasis in infancy diarrhoea. 


Patients and methods 


Of 527 infants under 1 year from a mixed urban and 
rural population admitted consecutively to a 
gastroenteritis unit during a 3-year period, duodenal 
intubation was judged to be successful in 435, as 
shown by a flow of clear yellow fluid of pH 7 or over. 
Each infant (218 boys and 217 girls) had duodenal 
fluid and the initial faecal specimen examined for 
Giardia lamblia, and routine bacteriological culture 
of duodenal fluid and faeces. 147 infants came 
fromitinerant (tinker) families. Faeces were examined 
microscopically after preparing a suspension in 
Lugol’s iodine. 25 infants who had terminal duodenal 
biopsies had mucosal smears examined for 
trophozoites using Giemsa's stain. X-ray examina- 
tion for confirmation of the site of the duodenal tube 
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was not considered justifiable in this study. Weights 
were plotted on centile charts of Tanner and 
Whitehouse. t 


Results 


G. lamblia was found in 26 (6%) infants (Table); 
cysts were found in faeces in 15 infants, trophozoites 
in duodenal fluid in 12, and in mucosal smears in 2; 
in 3 infants the parasite was found both in duodenal 
fluid and faeces. Infants of itinerant families were 
34% of those successfully intubated, and the 
incidence of giardiasis among them was 12% 
compared with 3% in housed infants. The earliest 
isolations were at 18 and 26 days of age respectively 
(in housed infants) and the diarrhoea in these infants 
was severe but appeared to respond quickly to 
metronidazole. Diarrhoea ceased within 7 days of 
starting metronidazole in 9 of 10 infants aged less 
than 12 weeks compared with 5 of 13 over this age, a 
significant difference (P<0-05, y! test). Specific 
bacterial pathogens were isolated in faeces of 30 
(6:855) infants, 15 salmonellae, 9 shigellae, and 6 
enteropathogenic Escherichia coli, but in only one of 
these was G. lamblia also found (in faeces). Of 
infants with giardiasis, 31 ?7 were below the 10th 
centile for weight compared with 27% of those 
without, and 11 97 required intravenous rehydration 
compared with 16% of those without giardiasis; 
neither of these differences was significant. No infant 
with giardiasis had been breast fed. 


Table Age, sex, and site of isolation of Giardia 
lamblia in 26 infants 











Age Boys Girls Faeces Duodenal Duodenal 
(weeks) fluid smear 
<4 (n — 70) 2 l l 
4-12 (n—154) 5 3 5 5 
13-52 (n=211) 3 13 9 6 2 
Totals  (n—435) 10 16 13 12 2 


———— M 
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Discussion 


The incidence of giardiasis in housed infants with 
diarrhoea (3%) was low; the higher incidence in 
itinerant infants (12%) was probably due to 
overcrowding and low standards of sanitation. 
Infants may become infected soon after birth and may 
suffer severe diarrhoea. The apparent better response 
to metronidazole ın younger infants may indicate a 
greater likelihood of the diarrhoea in them being 
caused by the parasite than in the older infants; even 
so in no infant could one be sure of the relation- 
ship of the parasite to the diarrhoea, particularly in 
the absence of viral studies. Since a smaller 
proportion of infants with giardiasis required 
intravenous rehydration compared with those in 
whom the parasite was not found, diarrhoea 


associated with this parasite tended to be less 
severe. 


We are grateful to Dr F M Stevens for statistical 
advice. 
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Muscular changes in Engelmann's disease 
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SUMMARY In a case of Engelmann's disease in an 
11-year-old Japanese boy the muscular changes were 
studied in detail. Muscle weakness was maximal 
about the pelvic girdle. Muscle biopsy showed the 
selective atrophy of type U fibres, and no degenerative 
change could be seen histologically, histochemically, 
or electron-microscopically. Although the distribu- 
tion of muscular weakness in Engelmann's disease is 
similar to that of a progressive muscular dystrophy, 
the disease does not seem to be a myopathy. 


Engelmann's disease (progressive diaphyseal 
dysplasia) is a bizzare disorder, characterised by 
symmetrical cortical thickening and sclerosis of the 
diaphyses of long bones; its aetiology is still 
unknown. The principal clinical manifestations are 
malnutrition, muscular weakness, a waddling gait, 
and leg pains. No specific laboratory finding has been 
identified. 

Most studies have been directed towards the bony 
changes, and little is known of the systemic ones. 
Muscular changes have received little attention, 
although they are often present, and the disease has 
sometimes been confused with muscular dys- 


trophy.” We describe an additional case, and 
report the muscular changes in detail. 


Case report 


This Japanese boy was 11 years when he first visited 
our clinic. Family history was not remarkable. He 
had been the product of a term, uncomplicated 
pregnancy and had weighed 2:9 kg at birth. Labour 
and delivery had been normal. He bad attained all 
the early motor milestones at the appropriate ages 
and walked at 15 months. At 3 years it was noticed 
that his gait was waddling and wide-based; he could 
not run or jump as other children. He was admitted 
to a hospital with suspected muscular dystrophy. At 
4 years bilateral inguinal hernias were repaired. At 10 
years he began to complain of pains in the legs. At 
11 he was admitted to hospital because of muscular 
weakness and wasting, and because he tired easily; 
he had difficulty in climbing stairs and could not lift 
heavy objects above his head. 

He was then a slender boy with an excessive 
lumbar lordosis; height was 133:3 cm (—1. SD) and 
weight 20-1 kg (—2-5 SD). Blood pressure was 
100/46 mmHg, pulse rate 102/minute, Neurological 
examination was normal. His skeletal muscles were 


wasted and weak. Joint movements were full. His 
intelligence was normal. 
A bone survey showed 


symmetrical cortical 


thickening and sclerosis confined to the diaphyses of 


all long bones, among which the femur was the most 


severely affected (Fig. 1). Osteosclerosis of the base of 


skull was also present. Haemoglobin was 7:4 g/dl, 
white blood cell count 8-8 I0?/l, erythrocyte 
sedimentation rate 44 mm/Ist hour, serum calcium 
4:8 mEq/l (2:4 mmol/l), inorganic phosphorus 
4:4 mg/100 ml (1:4 mmol/l), glutamic oxalacetic 
transaminase 22 KU, glutamic pyruvic transaminase 
9 KU, alkaline phosphatase 11-7 KAU, lactic 
dehydrogenase 75 IU, creatinine phosphokinase 
20 IU, aldolase 1-1 mU/ml, triglycerides 126 mg/100 
ml (1-56 mmol/l), normal value for adult men 60-80 
mg/100 ml (0: 74—0-99 mmol/l). 





Fig. 1 


The femur, showing fusiform enlargement 
and sclerosis of diaphvses. 
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Bone biopsy, taken from the middle portion of the 
femur, showed a periosteum with a moderate 
degree of fibrous proliferation extending into the 
surrounding skeletal muscle, and blood vessels with 
thickened walls: trabeculae showed thickening with 
normal haversian system. Bone marrow culture 
taken at the time of the biopsy was sterile. 


Muscle investigations. Muscular power examined 
semiquantitatively showed that most muscles were 
weak (Fig. 2), weakness being particularly severe 
around the pelvic girdle. Electromyography of 
deltoid, triceps, vastus medialis, and tibialis anterior 
was normal. 

Muscle biopsy from the rectus femoris showed 
that some muscle fibres were atrophic. No group 
atrophy or perifascicular atrophy was seen. The 
atrophic muscle fibres were seen to be mixed with 
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Fig. 2. Muscle testing. 
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Fig. 3 Muscle biopsy. Atrophic muscle fibres are 
seen to be mixed with larger fibres. H and E Xx 260. 


larger fibres (Fig. 3). The sarcolemmic nuclei were 
situated in their normal position. The so-called tigroid 
nuclei or vesicular nuclei were not seen. There was no 
‘liquefied’ fibre or granular fibre to suggest necrosis 
or degeneration. Cellular infiltrations were not seen. 
Perimysial fibrosis was moderate, but there was no 
endomysial fibrosis. Blood vessels in the perimysial 
connective tissue showed thickened walls and 
luminal narrowing. Histochemically, the inter- 
myofibrillar network pattern was normal. Electron 
microscopical examination showed normal binding 


Muscle fibre type 1 2 


Mean diameter (uim) 40 | 26 
SD 8 | 6 


Percentage of fibres 28 | 72 
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Fig. 4 Histogram of muscie fibre size. 


patterns in all filaments, and no sign of degenerative 
change. Z-bands were straight and not smeared or 
widened. Normal mitochondria and a little 
accumulation of lipid could be seen in the inter- 
myofibrillar spaces. 

In one of the freshly-frozen sections a histogram of 
muscle fibre size was constructed as described by 
Dubowitz and Brooke.! The histographic analysis 
(Fig. 4), showed that 28% of the fibre were of type 
I and 72% of type II. No fibre type predominated. 
Mean diameters of the type I and II fibres were 
40 and 26 um respectively, with SD <10 um. These 
changes are indicative of type II fibre atrophy. 


Discussion 


The disorder was first described by Engelmann in 
1929? and generally carries his name. The diagnosis 
can be made from x-rays:® generally symmetrical 
skeletal distribution, fusiform enlargement of the 
diaphyses of the long bones, and thickening of the 
cortex by endosteal and periosteal accretion of 
mottled new bone without recognisable trabecular 
pattern (Fig. 1). Reports record more than 100 cases,” 
and there are slightly more males than females.! 
Symptoms such as muscular weakness, waddling 
gait, leg pains, and a tendency to tire easily generally 
develop early in life, and our patient is characteristic. 

Muscular atrophy and weakness have been noted 
in so many patients that most observers have 
regarded both as an essential part of the disease.! 8 
Our patient was initially diagnosed as having 
muscular dystrophy at 3 years of age. The muscle 
evaluation at 11 years showed weakness maximal 
about the pelvic girdle, as seen in muscular dystrophy. 
Stronge and McDowell? also reported a similar 
distribution and this feature has sometimes led to the 
disease being confused with muscular dystrophy.?-? 
Nevertheless, there have been few detailed descrip- 
tions of the muscular abnormality.5 Muscle biopsies 
have seldom been performed,’ no electron micro- 
scopical examination has been reported, and biopsy 
findings have been inconsistent. The biopsy of our 
case showed a type Il fibre atrophy—a rather 
nonspecific change. Muscle biopsies from patients 
with muscular dystrophy or other myopathies 
usually show an abnormal variability in fibre size,!? 
but in our case there was a normal variability in size 
of each fibre type, and the electron microscopical 
examination revealed no degenerative change. These 
facts argue against regarding Engelmann's disease as 
a myopathy. 


We thank Dr Shinsaku Imashuku and Dr Tomoho 
Maeda for constructive criticism. 
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SUMMARY The normal range for the urinary 


N-acetyl-5-p-glucosaminidase/creatinine ratio was 
determined in 82 children. The range was found to 
vary with age, and the distribution was found to be 
logarithmic. This test should help to detect renal 
tubular disease in children; it gave abnormal results 
in some of these children. 





Recently there have been many reports on the value 
of urinary N-acetyl-8-p-glucosaminidase (NAG) for 
the detection of renal tubular disease in adults.!—? 
There has been one report on its use in children.? I 
report a normal range in childhood, and give the 
results in a few children who may have renal tubular 
disease. 


Methods and subjects 


Urine was obtained from children by midstream 
collection after informed consent had been obtained 
from at least one of their parents. The normal range 
was determined from children of friends, and from 
siblings of patients. In no case was there a history 
or family history that suggested renal disease. Urine 
was collected also from several children with a variety 
of diseases, and generally more than one urine 
sample was obtained from each. NAG was assayed 
fluorimetrically and the enzyme activity was divided 
by the creatinine concentration to take into account 


varying rates of urine flow.? Creatinine was measured 
using a Technicon autoanalyser. One NAG unit 
equals 1 nmol of 4-methylumbelliferone released per 
hour at 37°C per umol creatinine. (One unit is equal 
to 11:3 nmol of 4-methylumbelliferone released 
per hour at 379C per mg of creatinine). Since there is 
no sex difference in the excretion of NAG in adults,? 
the results from both sexes were combined. 


Results 


The normal excretion of NAG was determined in 82 
children and was found to vary with age (Fig. 1). The 
distribution of excretion of the enzyme was found to 
be logarithmic (Fig. 2) and log,y values were used to 
calculate the normal range. For this purpose, three 
arbitrarily chosen age groups (12-59, 60-119, and 
120-200 months) were selected to determine the mean 
and standard deviation. However, the other age 
groupings result in mean plus 2 standard deviation 
values which would fall very close to a line joining 
the three mean plus 2 standard deviation values 
shown. 

Six children who required reimplantation of 
ureters because of severe reflux and recurrent 
infections despite prophylaxis all had normal NAG 
excretion levels before surgery. None was known to 
have intrarenal reflux although 2 had at least one 
kidney smaller than normal. A 1-year-old child with 
urethral valves and severe reflux had NAG excretion 
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Fig. 1. Urinary N-acetyl-B-p-glucosaminidase creatinine 
ratios in normal children. The logarithmic mean, and 
logarithmic mean + 2 standard deviations are shown for 
each age range. 


One NAG unit = 1 nmol/h per pmol creatinine which is equivalent to 
nmol/h per mg creatinine when multiplied by 11 «3. 
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Fig.2 Distribution of NAG by age in normal children. 
Because of the variation with age, it is necessary to 
examine the distribution over limited age ranges. 


of 24 and 71 (normal range up to 21) units. One child 
with bilateral ureteroceles and hydronephrosis had 
normal levels. 

One 12-year-old boy with corticosteroid-sensitive, 
presumed minimal change, nephrotic syndrome had 
NAG excretion of 11-30 (normal range up to 10) 
units during relapse. A 5-year-old girl with Schónlein- 
Henoch purpura had NAG levels of 4-16 (normal 
range up to 17) units, which increased to 9-25 units 
when proteinuria appeared. Two children with well- 
controlled galactosaemia and average IQs had nor- 
mal NAG excretion. Two children with juvenile 
rheumatoid had increased excretion: the 10-year-old 
boy, 20 and 34 (normal range up to 12) units, was 
taking salicylates and the 8-year-old girl, 14 to 31 
(normal range up to 13-5) units, was taking indo- 
methacin and prednisone. 


Discussion 


The finding that NAG excretion is logarithmically 
distributed in normal children had not been reported. 
It is logarithmically distributed in neonates, and 
examination of data for normal adults? and children? 
suggests that their data were not normally distributed 
because the mean minus 2 standard deviations value 
was less than zero on at least one occasion. This was 
no surprise as many biological variables are logarith- 
mically distributed. The upper limit of the normal 
range given here is therefore higher than had been 
reported,? and it varies more with age. High rates of 
urine flow (urinary creatinine less than 1 mmol/l; 
8:84 g/l) may result in artificially high NAG levels. 
None of the normal children had a urinary creatinine 
<1 mmol/l. The effect of low rates of flow is 
unknown but it is thought to be less important 
(personal observation). No restriction on maximal 
urinary creatinine concentration was made. 

It is disappointing that NAG appears to be of no 
value for detecting children in whom surgery is 
required to correct ureteric reflux, but the distal 
tubules and collecting ducts have the least NAG of 
all the tubular apparatus. This finding differs from 
that of a previous report,? but that study might 
have been affected by an inaccurate normal range. 
Isoenzyme studies suggest that the children with 
glomerular disease probably had increased NAG 
excretion because of increased glomerular per- 
meability,> and not because of concurrent tubular 
damage.? Galactosaemia, when poorly controlled, 
can cause tubular damage; increased NAG excretion 
may occur in poorly controlled children, but did not 
do so in the 2 well controlled children. The increased 
excretion in the children with juvenile rheumatoid is 
partly due to their drugs, but it may be due also to 
rheumatoid disease affecting the kidneys, since this 
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has been reported in adults.5 NAG should be as 
useful in children as it is in adults for the detection 
of renal tubular disease, provided an accurate normal 
range is used. 


I record with regret the death of Miss Susan Tucker 
whose research did much to advance this subject, and 
thank Professor Scopes, Dr McSwiney, and Mr A 
Thompson for assistance. 


I am grateful fer financial support from St Thomas’s 
Hospital Research Endowment Fund. 
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SUMMARY A 20-year-old woman with untreated 
homocystinuria was examined when she was 18 
weeks’ pregnant. Amniocentesis was performed and 
raised levels of homocystine and methionine were 
present in the amniotic fluid. Assay of cystathionine 
synthetase activity in cultured amniotic fluid cells 
showed the carrier state for homocystinuria. An 
abortion was performed because of the possible 
adverse effects of continuing the pregnancy both for 
the mother and the fetus. No pathological abnor- 
mality was found in the aborted fetus. Further data 
are needed to assess the possible teratogenic effects of 
maternal homecystinuria and the adverse con- 
sequences of pregnancy in the affected mother. 





Homocystinuria comprises a group of autosomal 
recessive disorders of sulphur amino-acid meta- 
bolism. The most common type is due to a deficiency 


of cystathionine synthetase, a pyridoxal phosphate- 
dependent enzyme which catalyses the reaction of 
serine with homocysteine to form cystathionine. This 
enzyme defect results in raised blood and urine levels 
of homocystine, methionine, and other sulphur 
amino-acids, and a lack of brain cystathionine. The 
clinical consequences vary and can include mental 
retardation, epilepsy, ectopia lentis, osteoporosis, 
skeletal anomalies (such as arachnodactyly and 
dolichostenomelia), fatty changes in the liver, and 
thrombotic vascular disease affecting any vessel in 
either the arterial or venous circulation. In many 
patients with cystathionine synthetase deficiency, 
treatment with pyridoxine appears to reverse the 
biochemical abnormalities and may prevent the 
development of manifestations of the disorder. An 
affected, pregnant woman who had stopped treat- 
ment provided a unique opportunity to evaluate the 
effects of maternal cystathionine synthetase de- 
ficiency on the developing fetus. 
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Case report 


A 20-year-old woman, 8 weeks’ pregnant, was 
referred because of homocystinuria. She had been in 
good health until aged 12 years when she was tested 
for diminished visual acuity and found to have 
ectopia lentis bilaterally. At age 18 she began using 
birth control pills and after 6 months developed 
thrombophlebitis and suspected pulmonary emboli. 
Homocystinuria was diagnosed by increased blood 
and urine levels of homocystine and methionine. 
The birth control pills were stopped and she was 
treated with aspirin, folate, and pyridoxine. She 
stopped treatment on her own initiative after 6 
months. There was no history in the patient or her 
family of mental retardation, seizures, skeletal 
anomalies, or any other vascular disease. When aged 
3 years the patient’s younger brother had been found 
to have ectopia lentis; he had initially been thought 
to have Marfan’s syndrome. Now, at age 18, he has 
had no significant medical problem. One other sister 
died of a brain tumour. There is no parental 
consanguinity. 

Both the patient and her brother were admitted to 
the Clinical Research Center of University Hospitals 
of Cleveland, Ohio for evaluation. General physical 
and neurological examinations were normal except 
for bilateral ectopia lentis, iridodonesis, and 
diminished visual acuity in both siblings and, in the 
patient, an enlarged uterus consistent with an 
18-week pregnancy. The diagnosis of homocystinuria 
in both siblings was confirmed by quantitative 
plasma and urinary amino-acid analysis using an 
amino-acid analyser (Table). A skin biopsy was 
obtained from each of them for enzyme analysis. Àn 
amniocentesis was performed in order to measure the 
extent of increased amino-acids in the amniotic 
fluid, and to assay the relevant enzyme in cultured 
amniotic fluid cells. A control enzyme methylene- 
tetrahydrofolate reductase was also assayed and 
found to be normal. Although total serum B12 and 
folate levels were normal, there was a decrease in the 
free folate level. There was no macrocytosis or 
anaemia and the significance of the low free folate is 
unclear. The data are presented in the Table. For 
emotional reasons and because there was the possi- 
bility of vascular complications during pregnancy as 
well as the risk to the fetus of untreated homocystin- 
uria, the patient decided to undergo an abortion. 
Both she and her brother were subsequently treated 
with 500 mg pyridoxine and 650 mg aspirin daily, and 
plasma and urinary- homocystine and methionine 
levels returned to normal. 
^ Detailed light and ultrastructural pathological 
examination of the aborted fetus was performed and 
showed no abnormalities of the brain, other internal 


Table Data on two siblings with homocystinuria 








Patient Brother Normal 

Urine (per g creatinine) 

Homocystine (umol) 121 93 3 0 

Methionine (umol) 201 295 <12 
Plasma 

Homocystine (umol %) 0-37 1-49 0 

Methionine (umol %) 41-6 62-4 47 
Serum 

Free folate (ng/ml) 08 18 3-16 

Bound foiate (ng/ml) 57 5.2 0-5-5 

B12 (pg/ml) 200 145 150-740 
Cultured skin fibroblasts 

Enzyme activities (nmol/mg protein per hour) 

Cystathionine synthetase G 0 9-43-40 0 

(patient range = 0-3 5) 

Methylenetetrahydrofolare 755 8 56 6:70—12:6 

reductase 

Amniotic fluid at 18 weeks’ gestation 

Alpha-fetoprotein (ug/ml) 22-9 1-3-28 

Homocystine (umol 92) 2:0 0 

Methionine (umol 72 59 17-4 1 
Amniotic fluid cultured cells 

Enzyme activities (nmol/mg protein per hour) 

Cystathionine synthetass 4 07 27 -9--57 «6 

Methylenctetrahydrofolate 4 07 6-20-19-5 





organs, or major blood vessels. The eyes were also 
normal, with no ectopia lentis or thickening of the 
basement membrane of the nonpigmented epithelium 
from the ciliary body. 


Discussion 


This is the first reported case of a pregnant woman 
with untreated homocystinuria. The fetus, although 
an obligate heterozygote for cystathionine synthetase 
deficiency, had been exposed to the biochemical 
environment of the homozygous recessive mother as 
shown by the presence in the amniotic fluid of 
homocystine, and a methionine level 15 to 30 times 
normal. In maternal phenylketonuria there can be 
severe congenital anomalies in an otherwise normal 
fetus—such as microcephaly and mental retarda- 
tion.2~ In this study no obvious pathological effects 
on the heterozygous fetus of about 18 weeks’ gesta- 
tional age were present; however, there were gross 
abnormalities in the free amino-acid pools in the 
fetal tissues. Bittle and Carson® also reported a 
woman with cystathionine synthetase deficiency 
giving birth to an apparently normal heterozygous 
infant. Their patient had pyridoxine-responsive 
homocystinuria and so was treated throughout 
pregnancy. Pyridoxine had also been given during 
an earlier pregnancy which had terminated in a 
spontaneous abortion at 22 weeks. More data are 
needed in order to evaluate the risks of pregnancy in 
women with homocystinuria and to determine the 
long-term consequences on the infants born to such 
women. 


* * 
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Asymptomatic bacteriuria in healthy preterm babies 
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SUMMARY Urine was cultured from 151 healthy 
preterm babies. If the initial bag specimen grew 
more than 50 000 organisms/ml, a second bag 
specimen was cultured. After two positive bag 
specimens a suprapubicurine wascultured. Significant 
bacteriuria was excluded on the basis of one or two 
bag specimens in 90% of the babies. Suprapubic 
urine was sterile in a further 11 babies. Four babies 
with positive bag specimens were unfortunately not 
completely investigated: 2 had mixed growths and 
2 had pure growths of 100 000 organisms/ml. As we 
and others consider that bacteriuria can only be 
diagnosed on a suprapubic sample of urine the 
incidence of proved infection in our series was zero. 
If both the babies with a pure growth of 100 000 
organisms/m] had true bacteriuria, the incidence 
would rise to 1-377. In view of the difficulties in 
obtaining clean urine samples in preterm babies and 
as the incidence of bacteriuria is so low, we do not 
recommend that healthy preterm babies be screened 
for bacteriuria. 


Numerous surveys have shown that between 1 and 
2% of girls have asymptomatic bacteriuria, and many 
already have renal scars present at the time of 
diagnosis. This applies to schoolchildren,! school 
entrants,? and to younger children and infants after 
the newborn period.? It is likely therefore that 
asymptomatic bacteriuria occurs in the newborn 
period in at least some of these children, and 
treatment then might prevent the subsequent 
development of renal damage. However, Edelman 
et al* found no clear case of asymptomatic 


bacteriuria in 836 healthy term newborn babies, 
although in preterm babies, who are particularly 
liable to infection, an appreciable incidence has been 
reported, varying from 2-44 to 25 97.5 In view of this 
large difference in incidence we, too, carried out a 
survey to detect asymptomatic bacteriuria in 
preterm babies, and we assess the usefulness of such 
screening. 


Methods 


Urine was collected from babies of less than 37 
weeks' gestation, who were not acutely ill, and who 
were not receiving antibiotics. Gestation was esti- 
mated from the beginning of the mother's last 
menstrual period, and confirmed by the modified 
Farr score.® 

The baby’s genitalia were washed with tap water, 
dried with a sterile cotton-wool swab, and a urine 
collecting bag was applied. The bag was inspected 
every 15 minutes. As soon as urine was passed it was 
transferred to a sterile bottle and taken to the 
laboratory. Most samples were examined 
immediately, but some were refrigerated overnight 
and examined the next morning. A standard 
calibrated loop, which delivers 2 ul, was used to 
inoculate blood agar and .MacConkey's agar. The 
colonies were counted after overnight incubation. 

Initially we planned that if the first urine contained 
> 10 000 organisms/ml a second bag specimen would 
be cultured a few days later. If two bag specimens 
grew >10 000 organisms/ml a third specimen would 
be obtained soon afterwards by suprapubic bladder 
puncture (SP urine). However 18 of the first 30 bag 
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specimens had counts >10000 organisms/ml (ten 
were between 10000 and 50000, five between 
50 000 and 100 000, and three > 100 000), and in each 
the SP urine was sterile on culture. After this, and 
for purposes of analysis, we decided to investigate 
further only those patients in whom the first bag 
urine grew >50000 organisms/ml; a further bag 
specimen was obtained as soon as possible and, if 
this grew >50000 organisms/mi, SP urine was 
cultured. 


Results 


Urine was obtained from 151 preterm babies 
(73 boys and 78 girls) whose birthweights ranged 
between 1120 and 3200 g with gestations between 
29 and 37 weeks. 120 specimens were from babies 
aged 5-14 days, 25 from babies 15-21 days, and 6 
from babies aged 21~28 days. 149 were bag specimens 
and 115 of these had counts of 50 000 organisms /ml 
or less. Two specimens were obtained by suprapubic 
bladder puncture and both were sterile on culture. 
34 bag specimens had growths 50000. In 24 of 
these further bag specimens were obtained and in 
21 culture yielded 50 000 organisms or less. In 7 of 
the 34 babies retested, a second specimen was 
obtained by suprapubic bladder puncture and 
each one was sterile on culture. In the remaining 3 
babies a second specimen was not obtained. In the 
3 babies, in whom the second bag urine grew > 50 000 
organisms/ml, SP urine was obtained from 2 and was 


Table 1 Results of u ine culture in 151 preterm babies 


151 cases 





115 bag 
«50 000 organisms /ml 


2SPU sterile 


34 bag 
»50000 organisms /ml 


2nd urne 21 bag 
7SPU sterile «50000 organisms Am! 
3 bag 3 not obtamed 
> 50 000 
rd uri 
2SPU sterile 1 not obtained 


-ptal SPU Sterile z 11 Bag> 50 000 organisms / mi z4 
g Bag« 50000 organisms / ml - 136 





Table2 Details of urine culture in 4 babies 
incompletely investigated 


Case ist specimen and specunen 

1 100 000 S. albus Not obtained 

2 100 000 coliforms Not obtained 

3 105 000 coliforms, 125 000 coliforms, 
4 types 3 types 

4 50 000 SS. albus Not obtained 
6 000 coliforms 


sterile on culture, but in the third no further specimen 
was obtained. These results are summarised in 
Table 1. 

In the whole series, 147 babies did not have 
bacteriuria as defined. Four babies, who were 
incompletely investigated, had growths in bag 
specimens 750000 organisms/ml; 2 were mixed 
growths and 2 were single organisms. Details of these 
specimens are given in Table 2. 


Discussion 


Initially, it had been decided to regard a bacterial 
count <10000/m! as negative and to obtain a 
further specimen if the count was above this, with a 
SP urine culture after two positive bag specimens. 
However, 18 of the first 30 babies studied had 
bacterial counts >10000/ml, 8 of these being 
>50000/mi, yet SP urine was sterile in all 18. 
Similarly Edelman et a/.* found that SP urine was 
nearly always sterile, even though a previous bag 
specimen had grown 10000 organisms/ml (the 
actual bacterial count was not specified in these 
cases). We felt it would be unethical to proceed with 
a study which necessitated obtaining SP urine in at 
least half the babies. We therefore adopted the same 
criterion as Davies ef al.? and decided to investigate 
further only babies who had bacterial counts 
>50 000/ml, and to regard counts below this level 
as negative. | 

Our results show that 77% of the initial 
bag specimens were negative, and 87% of repeat 
specimens were negative. Thus on the basis of bag 
specimens significant bacteriuria was excluded in 
90 % of the babies. SP urine was sterile in 11 babies, 
leaving 4 (2:692) babies who were incompletely 
investigated. Two of these had mixed growths, and 
we consider were most unlikely to have significant 
bacteriuria. Two babies with pure growths of 
100000  organisms/ml were unfortunately not 
investigated further, and might have had significant 
bacteriuria. In the absence of SP urine culture neither 
can beregarded as having a proved infection,* and so 
the incidence of proved infection in our series is Zero; 
if both these babies had significant bacteriuria, the 
incidence would rise to 1:3 %. 
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Earlier studies, such as that by Hodgman ef ai.,® in 
which the diagnosis was not based on SP urine 
culture would not now be accepted. In studies in 
which the diagnosis of bacteriuria was based on SP 
urine culture, Pendarvis et al.” found 10 5 of preterm 
babies who had weekly cultures had bacteriuria, 
Zies et al? found 5-6% of preterm babies had 
bacteriuria, and Edelman et a/.4 found bacteriuria in 
2:4—3-4 75 of preterm babies. The incidence in our 
series which may well be zero is much lower. This 
may be due to the fact that in our unit ill babies and 
babies suspected, or at risk, of developing infection 
are treated promptly with antibiotics and were 
excluded from tne study. 

We feel that as it is often difficult to obtain a clean 
urine specimen in a small baby and as the incidence 
of asymptomatic bacteriuria in healthy preterm 
infants is so low, routine screening for this is not 
justified. In order to detect asymptomatic bacteriuria 
before renal damage has occurred, babies need to be 
screened after the newborn period. We also endorse 
the statement by Edelman et a/.4 that a bag specimen 
can only show the absence of bacteriuria; confirma- 
tion of bacteriuria must always be based on culture of 
SP urine. 


We thank Dr Baum, Dr Bower, Dr Pickering, and 
Professor Tizard for permission to study their 
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patients, Miss Townsend and her staff for collecting 
the urine specimens, and Mr Day for technical help. 
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SUMMARY Two sisters with cretinism are reported. 
Each showed low levels of serum triiodothyronine, 
thyroxine, and thyroid-stimulating hormone (TSH). 
In the elder sister, serum TSH did not increase after 
administration of thyrotropin-releasing hormone. 
We conclude that cretinism in these 2 sisters was due 
to TSH deficiency. This is the second report of 
‘familial’ pituitary cretinism (TSH-deficient congeni- 
tal hypothyroidism). 


Congenital pituitary hypothyroidism is thought to be 
rare. 15 cases have been reported,}— nearly all of 
them sporadic In each the diagnosis was confirmed 


by low serum thyroid-stimulating hormone (TSH) 
being determined by radioimmunoassay. Among 
these cases was one familial case: that of 2 sisters 
with cretinism due to TSH deficiency.* This is the 
second report of familial pituitary cretinism. 


Case report 


The 2 children were among 6 of 2nd-cousin parents 
(Fig. 1). Their brothers were reported to be growing 
and developing normally and their mother was 
clinically euthyroid with normal concentrations of 
serum triiodothyronine (T3), thyroxine (T4), and 
TSH. 
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e Pituitary cretinism 


/ Propositus 
Fig. 1 Pedigree of a family with pituitary cretinism 


Case 1. A 4—month-old girl was admitted to this 
hospital because of poor weight gain. She had been 
born at term after a normal pregnancy weighing 
3:2 kg. Prolonged neonatal jaundice was not 
noticed. At 2 months she had been noted to have an 
umbilical hernia and was seen by a doctor, who also 
drew attention to her retarded growth. She had 
severe constipation, moving her bowels every 7 to 10 
days. She was referred to our hospital. 

On examination her poor growth and lack of 
development were obvious with weight 3140 
(—4:9 SD) g, height 47-7 (—8:4 SD) cm. She had the 
features typical of cretinism with a husky voice, dry 
and coarse skin, and myxoedema. No thyroid gland 
was palpable. 

Serum T3 was «0-05 ng/ml (0:077 nmol/l), T4 
«0:5 ug/100 ml (6:44 nmol/l), and TSH 2:8 uU/ml. 
Serum cholesterol was 495 mg/100 ml (12-8 mmol/l). 
Thyroxine binding globulin (TBG) capacity was 
29-4 ug/100 ml (378-7 nmol/D. Antithyroid anti- 
bodies were negative. A 24-hour !J-uptake was 
low, and no thyroid gland was seen on the scintigram. 
Administration of TSH, 5 units daily for 4 days, 
increased the 24-hour }™Luptake to 12% and it 
was clearly shown by scintigraphy that our patient 
had a thyroid gland in normal position. Serum 
T3 and T4 also increased after TSH stimulation, 
to 0-6 ng/ml (0-92 nmol/D and 0-7 ug/100 ml (9-0 
nmol/l) respectively. Serum TSH remained low after 
administration (7 ug/kg) of thyrotropin-releasing 
hormone (TRH) (Fig. 2). No secretion of growth 
hormone (GH) was detected after administration of 
arginine (0-5 g/kg) Serum electrolytes, fasting 
blood sugar, blood urea nitrogen (BUN), uric acid, 
creatinine, alkaline phosphatase were normal. 


Control 


TSH (uU / ml) 
e 





120 


0 30 60 90 
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Fig.2 (Case 1). Serum TSH response to TRH, 
with normal control, showing absence of rise in serum 
TSH. 


Serum lactic dehydrogenase (LDH) was 380 mU/ml, 
glutamic-oxalacetic transaminase (GOT) was 400 
mU/ml, and glutarnic-pyruvic transaminase (GPT) 
150 mU/ml. X-ray of skull was normal. Bone age 
was less than 3 months in the wrist. 


Case 2. A 2-month-old girl, a younger sister of Case 
1, was admitted to this hospital because of poor 
weight gain and lethargy. She had been born at term 
with a weight of 3:8 kg. Her mother had proteinuria 
and oedema at 7 months of pregnancy. She had had 
an episode of asphyxia at birth and needed resuscita- 
tion. Neonatal jaundice was not severe nor was it 
prolonged. At 30 days the baby developed respiratory 
arrest suddenly after feeding and was resuscitated. 
She was severely constipated. The clinical features of 
this baby were so similar to those of her elder sister 
that she was referred to our hospital. 

On examination growth retardation was obvious, 
weight 2:9 (—4-2 SD) kg, and height 46 (—5-0 SD) 
cm. She also had the features typical of cretinism 
with husky voice, coarse skin, and myxoedema. No 
thyroid gland was palpable. Physical findings in the 
chest and abdomen were within normal limits. 

Serum T3 was 0:3 ng/ml (0:46 nmol/l), T4 1:2 
ug/100 ml (15-4 nmol/l), and TSH «1-25 uU/ml. 
Cholesterol was 470 mg/100 ml (12-1 mmol/l). TBG 
capacity was 18 ug/100 ml (231-8 nmol/l). Anti- 
thyroid antibodies were negative. Serum electrolytes, 
fasting blood sugar, BUN, uric acid, creatinine, 


+ 


alkaline phosphatase, LDH, GOT, and GPT were 
normal. Skull x-ray was normal. This baby unfortu- 
nately died of aspiration pneumonia on the 8th 
day of the hospital course. Necropsy could not be 
performed. 


Discussion 


Two sisters with cretinism are reported. They were 
the children of 2nd-cousin parents. Their mother 
was euthyroid and their four elder brcthers had no 
apparent hypothyroidism. 

Before treatment with thyroid hormone, Case 1 
showed a very low serum TSH with resultant low 
concentrations of serum T3 and T4. Administration 
of TRH produced no increase in serum TSH. In the 
younger sister the function of the hypothalamic- 
pituitary-thyroid axis could not be studied in detail 
because she died of aspiration pneumonia. Serum 
TSH was undetectable however, with low concentra- 
tions of serum T3 and T4, as in Case 1. In addition, it 
was clearly demonstrated by scintigraphy that the 
elder sister had a thyroid gland in normal position, 
and that it was able to respond to TSH, as shown by 
the rise in serum T3 and T4 after administering TSH. 
We conclude that hypothyroidism in these 2 sisters 
was due to TSH deficiency, also termed familial 
pituitary cretinism. 

About 10-15% of patients with combined anterior 
pituitary hormone deficiency apparently first have 
isolated pituitary hormone deficiency.!? GH secretion 
is generally impaired in the presence of hypo- 
thyroidism, so isolated TSH deficiency may be 
misdiagnosed as combined TSH and GH deficiency. 
In our case, there was no increase in serum GH after 
arginine infusion before treatment with thyroid 
hormone. Further evaluation of the secretory reserve 
of GH and other anterior pituitary hormones will be 
necessary after normal thyroid function has been 
achieved. 

The aetiology of pituitary cretinism is not clear. It 
is in most cases sporadic and affects both sexes. 
About half the cases are seen in childhood with mild 
symptoms of hypothyroidism.? 9-8 1975. Embryonal 
and fetal factors may be involved. Genetic factors 
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seem likely to play an important role in the 
occurrence of familial pituitary cretinism because 
these patients and the two reported by Miyai et al.* 
had characteristics in common—female sex, progeny 
of 2nd-cousin parents, and severe signs of cretinism 
in the neonatal period. 
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British Paediatric Association 


Proceedings of the Fifty-second Annual Meeting 


The Annual Meeting of the British Paediatric 
Association was held at York from 15-19 April 
1980. 501 members and 35 associate members 
attended together with 4 Heinz Fellows, 18 repre- 
sentatives of the German Paediatric Society, and 
243 guests. The Windermere Lecture was given 
by Prof. H Bickel (Universitats Kinderklinik, 
Heidelberg). 


The Spring Scientific Meeting of the Royal 
College of Psychiatrists, Child Psychiatry Section, 
was held at York on 15 April and a joint session 
with the BPA was mounted on 16 April. 


The Annual General Meeting of the British 
Paediatric Association was held on Thursday, 18 
April 1980. The President, Dr G M Komrower, was 
in tbe chair. The minutes of the last meeting, which 
had been published in the Archives of Disease in 
Childhood, were received and approved. 


ELECTION OF OFFICERS. The following will serve the 
Association for 1980-81. 
PRESIDENT: 
HONORARY TREASURER: 


Dr G M Komrower 
Dr A D M Jackson 


HONORARY SECRETARY: Dr D R Harvey 

HONORARY ASSISTANT 

SECRETARIES: Dr J D Baum 
Dr D W Fielding 
Dr C H Nourse 


The following were elected: 


MEMBERS OF COUNCIL 1980-1983: Dr W R Forbes, 
Dr GM Lewis, Dr B McNicholl, Dr M W Moncrieff, 
Dr G H Watson. 


HONORARY MEMBERS: Sir Douglas Black, Dr B 
Chown, Prof. O H Wolff. 


MEMBERS: R S Ackroyd (Birmingham), P J Aggett 
(Aberdeen), Janet M Anderson (Wolverhampton), 
I A Auchterlonie (Aberdeen), M F M. Bamford 
(Portsmouth), S M Basheer (Cork), J H Baumer 
(BristoD, A R J Bosley (Cardiff), I H Brown (Bristol), 
Judith M Brown (Nairobi), Susan M Brown (Bir- 
mingham), T Brown (Dundonald), A M Butterfill 
(London), R. W I Cooke (Liverpool), J F Cosgrove 


(Waterford), S Court (Nottingham), Colleen A Cox 
(Hounslow), Mary C Cummins (London, D A 
Curnock (Derby) Kathleen Dalzell (Wrexham), 
T J David (Manchester), B Davies (London), 
Elizabeth Dryburgh (Leeds), Lilly M S Dubowitz 
(London), D A Ducker (London), Eileen M C 
Duke (Glasgow) D B Dunger (London) H B 
Eckstein (London), A N Evans (London) D I K 
Evans (Manchester), Dr G I Fiddler (Leeds), N C 
Fraser (Edinburgh), Cynthia M Gabriel (St Albans, 
Welwyn Garden City, A R Gatrad (Oldham), 
Joan Gray (Aylesbury), J D M Gould (London), 
T Graham (Wegberg), R Greenham (Manchester), 
M J Harran (Leicester), I G Hill (Birmingham), 
Judith Hockaday (Oxford), P Hutchins (London), 
Audrey J Jones (Bromley), R W A Jones (London), 
Dorothy V Joss (London), C R Kershaw (South- 
ampton), A D Kindley (Liverpool), Iris G Knight 
(Braintree), Mary F Knight (St Helens), I Kovar 
(London), B D Lask (London), T Lee (Bristol, 
Exeter), W Lenney (Brighton), M J Lewins (Cardiff), 
Helen Lewis (Manchester), T Lissauer (Harrow), 
M F Lowry (Birmingham), R C McWilliam 
(Glasgow), Barbara S M Marshall (Leicester), A J 
Martin (Newcastle upon Tyne), T G Matthews 
(Dublin), Marion Miles (London), R A Minns 
(Edinburgh), Eileen Naughten (Oxford), R Newton 
(Manchester), Pauline A O'Connell (Dublin), A S 
Paynter (Newcastle upon Tyne), J L Pearce (Slough), 
M E Pembrey (London), Betty E Powe (London), 
M P Prendergast (Norwich), Constance R Pullan 
(Newcastle), Heather Richardson (Canterbury), 
R P A Rivers (London), D W Rogers (London), 
S Rom (London), S A W Salfield (Sheffield), D 
Salisbury (London), M A A Siddiqi (Newport), 
N J Spencer (Sheffield), J A Spies (London), 
C Spratt (St Helier), C R Steer (Edinburgh), C M 
Stern (London), N Tangney (Dublin), C J Taylor 
(Liverpool), C M Taylor (Birmingham), M A 
Tettenborn (London), B Thalayasingam (Consett), 
Ruth B Thomson (Glasgow), R L Tozer (Richmond), 
R Tyler (London), Mary J Vaizey (Boston) M P 
Wailoo (Southampton), Sheila M Wallis (Reading), 
A R Watson (Manchester), S Williamson (Ashford), 
R A Wilson (Manchester), Janet G Yassa (Sheffield). 


ASSOCIATE MEMBERS: Winifred Bartindale (Dudley 
AHA), Mary Brayshaw (Calderdale AHA), Kathleen 
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Campbell (Birmingham AHA), Margaret Carrie 
(Lothian Health Board), Lydia Cowan (Greater 
Glasgow Health Board), S G A Dias (Kensington, 
Chelsea, and Westminster AHA), Isabelle Ellis (City 
and East London AHA), Margaret Ewart (Lambeth, 
Southwark, and Lewisham AHA). Mary Gallaher 
(Greater Glasgow Health Board), Doreen George 
(Dudley AHA), Doreen Gledhill (Bradford AHA), 
Erwen Griffiths (Kent AHA), Ruth Graham-Yoll 
(Lothian Health Board), Jean Horne (Greater 
Glasgow Health Board), Margaret Inglis (Greater 
Glasgow Health Board), Angela Johnston (Essex 
AHA), Wendy Kemp (Lothian Health Board), 
Maria Kreppel (Lothian Health Board), Glenys 
Lowdon (Newcastle upon Tyne AHA), Philippa 
Ludlam (Lothian Health Board) J McFadden 
(Greater Glasgow Health Board), 
Madadeva (Birmingham AHA), Joan Martin 
(Kensington, Chelsea, and Westminster AHA), 
Marjorie Masson (Lothian Health Board), Rosemary 
Meyers (Northern Ireland Eastern Health Social and 
Services Board), Meryn Pearce (Lothian Health 
Board), F S Rogers (Northumberland AHA), 
J W Tuke (Northumberland AHA), Sara Young 
(Humberside AHA). 


Report of the Council 1979-80 


1. OBITUARIES 

The Association has suffered the loss of Dr J D 
Allan, Dr A C Blandy, Prof. Guido Fanconi (Hono- 
rary Member), Dr I R S Gordon, Dr A P M Page, 
Dr R R Struthers, Prof. Jack Tizard (Honorary 
Member) and Prof. H L Wallace (Honorary 
Member). 


2. COUNCIL 

Membership. 'The following members of the Asso- 
ciation have served on Council during 1979-80: Dr 
G M Komrower (President), Dr D P Addy, Dr J D 
Andrew, Dr E H Back, Dr R D H Boyd (Honorary 
Assistant Secretary), Prof. F Cockburn, Dr A F 
Conchie, Dr W Davies, Prof. E E Doyle, Dr J P 
Harper, Dr D R Harvey (Honorary Secretary), Dr 
A D M Jackson (Honorary Treasurer) Dr B W 
Lewis, Dr M M Liberman (Honorary Assistant 
Secretary, Dr J M Littlewood, Dr D Morris, 
Dr C H Nourse (Honorary Assistant Secretary), 
Dr Aileen Redmond, Dr L Rosenbloom, Dr N J 
Royston, Dr M J Simpkiss, Dr H Simpson, Dr 
P E Walker, Dr S G F Wilson, Dr B Wolman, 
Dr H B Valman, Dr M H Bellman (Junior Repre- 
sentative), Prof. D Hull (Chairman of the Academic 
Board). 


Observers. 'The Association is grateful to the follow- 
ing for assistance and advice both at Council and 


Seethadevi : 
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in many other ways: Prof. F S W Brimblecombe 
(Member of the Central Health Services Council), 
Mr A Jolleys (President of the British Association 
of Paediatric Surgeons), Prof. R. G Mitchell (Asso- 
ciation of Clinical Professors and Heads of Depart- 
ments of Paediatrics), Prof. T E Oppé (Adviser in 
Child Health, DHSS), Dr Marie Richards (Welsh 
Office), Dr Mary Tate (Department of Health and 
Social Security). 


Meetings. Council met on three occasions: 12 May 
and 13 October 1979, and 9 February 1980. 


3. MATTERS CONCERNING THE ADMINISTRATION OF 
THE ASSOCIATION 


The Assoctation’s staff comprises an Executive 
Secretary and four Assistant Secretaries. It has been 
necessary to increase the number of Assistant 
Secretaries from three to four in order to cover the 
extra work load created by the new category of 
Associate Membership and extra representation on 
outside bodies. A temporary secretary was again 
taken on for 2 months before the 1980 Annual 
Meeting to process the booking forms. 

The Association would like to record its continuing 
debt of gratitude to the Institute of Child Health 
for portering and mailing services, duplicating 
facilities, and the use of rooms for meetings. 
Membership. Council noted that the membership 
at 9 February 1980 was as follows: Members—-962; 
Honorary Members—110; Associate Members— 
220. 

Academic Board. The 14th Annual Report of the 
Board has been received by Council. 


4, AWARDS OF THE ASSOCIATION 
James Spence Medal—-Prof. J M Tanner. 
Guthrie Medal—Dr M A Preece. 


Heinz Fellowships of the BPA—Dr M V Joseph and 
Dr A M Kiango (Fellowship À); Dr P D Manuel 
and Dr Jean E Shoreland (Fellowship C). In addition 
a special supplementary award has been made to Dr 
E W Swaby. The Association remains indebted 
to the Nuffield Foundation for their advice and 
administrative help. 


5 FINANCE AND ALLIED MATTERS 
The Directors of Unigate have again generously 
donated their annual travel grant of £225 and have 
supplied the programme and stationery for the 1980 
Annual Meeting. 

A contribution of £100 has been made by Wyeth 
Laboratories towards the President's travelling 
expenses. 
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A bequest of £500 has been gratefully received by 
the Association from the late Dr W W Payne towards 
the promotion of the objects of the Association 
and in particular to help younger members. 

The BPA continues to benefit by a share of the 
profits from the sale of the Archives of Disease in 
Childhood. 


6. MEETINGS OF THE ASSOCIATION 
The 51st Annual Meeting of the Association was 
held at York in March 1979 and 631 members and 
guests attended. Council wishes to record its 
appreciation to the Academic Board in organising 
the scientific programme for these meetings and to 
thank the many members and guests who submitted 
papers. Council also wishes to thank the conveners 
and members of specialty groups (13 of which 
held sessions during the meeting) for their contri- 
butions. 

The next Annual Meeting of the Association 
will be held from 7 to 11 April 1981. 


7. STANDING COMMITTEES AND WORKING PARTIES OF 
THE ASSOCIATION 
Reports have been received by Council, and com- 
ments have been submitted to government depart- 
ments and other bodies on many important issues. 
Council is deeply grateful to the members who 
have served on committees and working parties, 
and also to those who have represented the Associa- 
tion on both statutory and voluntary bodies. Many 
individual members have helped the Association 
by their advice, suggestions, and criticisms. 


A major change for the Association this year has 
been the admittance of Associate Members in 
accordance with the wishes of the Annual General 
Meeting. Applications were invited and of the 280 
who applied 220 were accepted into membership 
in January 1980. A further 29 were elected at the 
Annual General Meeting. Two Associate Members 
were elected at the Annual Meeting to serve on 
Council. 


Council wishes to record its thanks to Douglas 
Gairdner who retired this year from the Committee 
of the Archives of Disease in Childhood. He had 
been Editor for 16 years and had always served the 
Association very well. Prof. Roy Meadow joins 
Prof. Roger Robinson in editing the Archives. 


The Association is now being represented on many 
more bodies either in its own right or through its 
membership of the Joint Paediatric Committee 
of the Royal Colleges of Physicians UK and the 


BPA. There are now paediatric representatives on all 
three Councils for Postgraduate Medical Education 
and we are fortunate that the President has been 
nominated by the Royal College of Physicians 
(London) to sit on the Joint Consultants Committee. 
The Association is being consulted more and more 
about important matters and there has been the 
opportunity for the Association to be represented 
at many more meetings. The Association 1s parti- 
cularly pleased at the number of times it has been 
consulted by the DHSS. 


Other agenda items 


1. The Honorary Treasurer’s verbal report and the 
accounts for 1979 were accepted. The meeting 
noted that it would be necessary to increase the 
membership subscription rates from 1 June 1981 
in order to keep pace with inflation. 


2. The meeting approved the revised rules of the 
Association circulated to members in December 
1979. 


3. Dr James Taylor announced that the First 
World Congress of Paediatric Cardiology would 
take place from 2 to 6 June 1980 in London. 


4. The Honorary Secretary reminded members that 
in 1982 the Annual Meeting would take the 
form of a joint meeting with the Scottish 
Paediatric Society. It would be held in Aviemore 
from 20 to 24 April. The cost of attendance at the 
meeting would be greater than at present as 
hotel accommodation would have to be used. 


SCIENTIFIC PROCEEDINGS 


WINDERMERE LECTURE. The lecture was delivered by 
Prof. H Bickel of the Universitats Kinderklinik, 
Heidelberg, on ‘Inborn errors of metabolism: 
prevention and treatment’. 


Schizoid personality in childhood. S Wolff and 
J Chick (Edinburgh). 


In the treatment of disturbed children and their 
parents it is important to be accurate in one’s 
aetiological assumptions and to be realistic about a 
child’s capacity for change. Neither child nor parents 
can be helped if constitutionally based behaviour 
difficulties are attributed to family pathology or 
if expectations for conformity remain high in 


the face of a child's inherently limited capacity for 
adaptive behaviour. 

Relief and improved behaviour often follow 
when the psychiatric disorder is correctly inter- 
preted as a result of the child's personality make-up, 
and allowances are made for him both at home and 
at school. 

One type of personality disorder recognisable 
in middle childhood is schizoid personality (des- 
cribed by Asperger as schizoid psychopathy of 
childhood). 

This contribution will report on the validation of 
the syndrome by means of a follow-up study by an 
independent psychiatrist of 22 schizoid children 
and 22 controls some 10 years after their original 
referral to a child psychiatric clinic. At follow-up, 
the diagnosis of the independent psychiatrist agreed 
very well with that made in childhood and most 
of the core features postulated as characteristic of 
schizoid personality differentiated significantly bet- 
ween the probands and the controls. 


A psychiatrist in a paediatric diabetic clinic. M 
Lindsay, J D Baum, and A L Kinmonth (Oxford). 


The incidence of psychiatric disturbance and psycho- 
social problems 1n a population of diabetic children 
is no different from normal children. However it is 
important to detect and assist with emotional prob- 
lems in diabetic children because distress directly 
affects glucose homeostasis in addition to disturbing 
the child’s ability to adapt to his lifelong condition. 
An analysis has been made of cases seen by a 
child psychiatrist attending a weekly paediatric 
diabetic clinic for a year when 142 families were seen. 
The presence of a psychiatrist enabled staff to 
develop a more perceptive and broader therapeutic 
approach, Specifically the psychiatrist’s involvement 
in clinical consultation was subdivided as follows: 
36 families: joint consultation in clinic concerning 
problems brought by the family or identified by 
staff: e.g. not eating prescribed food, reflecting 
family tensions unrelated to diabetes. 
11 families: separate consultations in clinic follow- 
ing identification. of serious problems: e.g. two 
potential suicides (aged 8 and 18). 
5 families: problems requiring discussions with staff 
after clinic; e.g. father obsessionally involved with 
daughter's diabetes. 
2 families: problems were so profound that unless 
continuous emotional support was assumed, it was 
felt better not to initiate discussions unless instigated 
by the family: e.g. father diabetic, blind, and dying 
from diabetic nephropathy. 
88 families: no indication for psychiatric contribu- 
tion. 


British Paediatric Association 731 


Sexually-abused children—are they seen by pae- 
diatricians and child psychiatrists? A Bentovim, 
P Beezley-Mrazek, and M Lynch (London and 
Denver, USA). 


Sexual mistreatment of children is gradually being 
recognised as a form of child abuse. We hoped to 
find out who was providing help for these children 
and their families. Samples of relevant professional 
groups were circulated with questionnaires .to 
investigate this, providing a categorisation of sexual 
abuse—such as the battered child with injuries in the 
genital area, incest, sexual assault, and involvement 
in pornography. 

As one would expect, a comparatively large number 
of children were being seen by police surgeons. 
Possibly reflecting society's preoccupation with the 
perpetrator, few of them were referred for special- 
ised help. Those children seen by paediatricians and 
child psychiatrists were far more likely to be referred 
by other routes, and often the initial reason for 
referral was for a medical or behavioural problem. 

A wide range of age and type of abuse was seen 
affecting boys and girls. Paediatricians only referred 
11% of their cases to child psychiatrists. 

Throughout our survey there was a trend towards 
seeing the problem as a 'police matter', rather than 
as a family disorder. All available evidence points to 
there being a far larger number of sexually abused 
children than is officially recognised. As profes- 
sionals are becoming more willing to identify the 
problem, a co-ordinated strategy for dealing with 
these cases is needed. 


Munchausen syndrome by proxy. R Meadow 
(Leeds). 


Two families in which parents, by falsification, 
caused their children innumerable harmful hospital 
procedures were described in 1977. Since then I 
have encountered 2 further cases. Paediatricians 
have informed me of 8 other families. Details of the 
15 children and their families have been studied to 
identify common features which may improve 
recognition and management. 
The children have an unusually long and per- 
plexing clinical syndrome requiring much investi- 
gation in hospitals. Despite active management 
symptoms persist or recur e.g. recurrent haematuria, 
hypernatraemia, anaemia, faecal or blood-stained 
vomiting. 
The offender is the mother. Commonly she has: 
(1) Demanded (and enjoyed) coming into hospital 
with her child and appeared a happy addict of 
good living-in facilities for parents. 

(2) Worked in hospital or with children before 
marriage. 


- 
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(3) A history of similar physical illness to that which 
she has projected on her child, her own symp- 
toms having been rather cursorily investigated. 

(4) A previous history of hysterical illness or 
fabrication by her of investigations and findings 
when she herself was ill. 

(5) A particularly poor intellectual and emotional 
relationship with her husband. 

Six of the families are from Yorkshire, but it is 
likely that the syndrome is widespread and often 
unrecognised. It is a dangerous condition with an 
appreciable mortality. Early experience suggests that 
positive management can prevent further problems. 


Children with special needs. Review of placement 
for adoption of 37 children. À N Jepson (London). 


The specialist adoption agency, Parents for Children, 
was set up two years ago to find families for children 
with special needs, i.e. older children, sibling groups, 
and handicapped. 37 children have been placed with 
adoptive families. There were 9 children in sibling 
groups, 10 Down's children, 2 severely subnormal 
multiply-handicapped children placed from long 
stay subnormality hospitals, 3 children with emo- 
tional/behaviour disturbance of such a degree 
that they were categorised as maladjusted; among 
the other children placed were some with con- 
ditions—such as cerebral palsy, Noonan’s syndrome, 
adrenal hyperplasia, and achondroplasia. There were 
5 disruptions of placement. The majority of the 
children referred to the agency had been in care for 
most of their lives, and many of them had had 
inadequate medical care, damagingly so in the case 
of 7 children. The majority of these children with 
special needs experienced particular problems after 
placement in their adoptive families and exhibited 
emotional symptoms for which their families 
required continuing social work support from the 
placing agency, and on occasion medical advice. It 
is particularly important that children with handi- 
capping conditions are assessed before placement, 
that the adoptive parents are aware of these needs, 
and that after placement there will be the necessary 
services available, particularly if special schooling 
is required and specialist medical care. 

In a number of couples who applied to the agency 
as adoptive parents, one or other partner suffered 
from a potentially serious condition. The importance 
of medical assessment and interpretation of such 
information is discussed. 


Supporting bereaved parents after perinatal death. 
G Forrest and R Claridge (Oxford). 


It is thought important to offer emotional support 


to parents bereaved in the perinatal period. To 
evaluate this, a study has been planned in which 
bereaved parents are randomly allocated to a 
control (C) group, or a supported (S) group, and 
their emotional state assessed 6 and 12 months later. 

Currently 14 C and 15 S families have entered 
the study and 4 C and 4 S were assessed at 6 months. A 
report will be presented of hospital routine in group 
C and extra support given in group S with pre- 
liminary results of the 6-month follow-up. 

A tangible result of the study so far has been 
identification of complicated and emotionally- 
charged administrative procedures which affect 
parents shortly after bereavement. These include 
simultaneous registration of birth and death; 
collection and delivery of the certificate of burial or 
cremation; choosing the funeral arrangements, 
particularly given the uncertainties of hospital 
funerals; can the parents attend? how many babies 
in one grave? is a coffin used? is a funeral service 
held? can the grave be found afterwards? 

Clarification of these points is important for all 
the staff in a maternity hospital and has enabled the 
child psychiatrist to give practical help to group S 
and thus be placed in a position to offer more 
general emotional support. 


GUEST LECTURE. A guest lecture was delivered by Dr 
C Ounsted of the Park Hospital for Children, 
Oxford, on 'The development of temporal lobe 
epilepsy in childhood’. 


Hypertrophic pyloric stenosis and the urinary tract. 
J D Atwell and P Levick (Southampton). 


Observations have been made over the last 10 
years Of congenital anomalies of the urinary tract 
associated with hypertrophic pyloric stenosis. No 
previously recorded observations existed of urinary 
tract anomalies and hypertrophic pyloric stenosis. 

This investigation started as a result of operating 

on two infants with pyloric stenosis one of whom 

had bilateral megaureters and the other pelviureteric 

junctional hydronephrosis, thus linking together a 

common smooth muscle disorder. 

The patients studied can be subdivided into three 
main groups: 

(1) Prospective study. 68 patients underwent pyloro- 
myotomy during the 3-year period 1970-2. 64 of 
these patients had a limited IVP performed to 
determine the incidence of associated anomalies 
of the urinary tract; 13 of these were abnormal— 
an incidence of 19%. 


(2) Retrospective study. 276 patients were operated 


on for pyloric stenosis over the 10-year period 
1960-9. The incidence of anomalies with a genetic 
basis was determined in this group and included 
inguinal hernia, undescended testes, hypospadias, 
and urinary tract anomalies. 


(3) Other observations. This group included a follow- 
up of patients seen in the prospective study and 
other examples of the association of urinary tract 
anomalies with pyloric stenosis. 


The findings suggest a genetic basis for the 
association of congenital anomalies of the urinary 
tract and pyloric stenosis. 


A systematic method for examination of the neonatal 
brain by real-time ultrasound. M I Levene, V Dubo- 
witz, and J S Wigglesworth (London). 


The poorly mineralised neonatal skuil allows good 
visualisation of intracranial structures by means of 
real-time ultrasound, and permits diagnosis of 
subependymal and intraventricular haemorrhage as 
well as structural abnormalities of the brain. In 
addition real-time ultrasound has been shown to 
be of value in following the course of hydrocephalus 
in neonates. 

The three systems which produce a real-time 
image are linear array, phased array, and mechanical 
sector scanners. As a preliminary part of our 
investigation we examined the merits and dis- 
advantages of eech system. The linear array allows 
better visualisation over the tempero-parietal area of 
scalp, whereas the phased array and mechanical 
sector scanners permit good views through the 
fontanelle. 

A study has been undertaken to correlate the 
appearance of the ultrasound scan with anatomical 
sections of neonatal brain. We have devised a method 
for systematic examination of the brain in a manner 
likely to give most information with least handling 
of the baby. Five 'cuts' of the brain are taken, 
three through the tempero-parietal area giving 
information on brain stem, pons, aqueduct of 
sylvius, third and lateral ventricles. Views through 
the fontanelle snow the configuration of the ven- 
tricular system and offer clear images of the caudate 
nucleus, allowing diagnosis of germinal layer 
haemorrhage. 

We conclude that the use of ultrasound 1s a 
reliable and safe method of examination of the 
neonatal brain. The information given by the scan 
correlates well with anatomical findings and allows 
accurate diagnosis of haemorrhage or hydrocephalus. 
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Oral prostaglandin E; for palliation of cyanotic 
congenital heart disease in neonates. E D Silove, 
J Y Coe, M D Mitchell, A J F Page, and S P Singh 
(Birmingham). 


E-type prostaglandins (PGE) infused into the aorta 
or intravenously have become the initial line of 
emergency treatment in neonates whose pulmonary 
circulation depends on patency of the ductus 
arteriosus. We have evaluated the effectiveness of 
oral PGE, given for periods of 6 days to 5 months to 
11 neonates with right ventricular outflow obstruc- 
tion (RVOO) and 2 with interrupted aortic arch 
(IAA). Nine infants with RVOO were studied at 
intervals to determine the influence of oral PGE, 
on arterial oxygen saturation (Sao,) or tension 
(Pao,) and on plasma PGE, concentration. 

Within 20 minutes of a dose of PGE,, Sao, or 
Pao, rose by a mean of 41% of the pre-dose value 
(P 0:001) and plasma PGE, on concentration 
reached dose-related peak levels. The ductus 
arteriosus remained PGE,-dependent for months. 
Infants with IAA improved, pulses becoming 
palpable and blood pressure rising to normal values 
within hours of starting treatment. Infants with 
RVOO all grew; four underwent repeat angiography 
which showed pulmonary arterial growth. 

Oral administration of PGE, was at least as 
effective as intravenous and had practical advantages 
for both short- and long-term purposes. Medical 
palliation and elective surgery may be a better 
alternative to emergency surgery. 


Immuno-osseous dysplasia--a new hereditary dis- 
order. J Spranger, H Schulte-Wisserman, and E 
Straub (Mainz). 


Son and daughter of nonconsanguineous parents 
showed an unusual combination of cellular immune 
deficiency, skeletal dysplasia, and progressive renal 
failure. Clinically, the patients had a peculiar 
phenotype with facial dysmorphism, dwarfism, and 
numerous pigmented nevi of the skin. Radiographic 
studies showed a spondyloepiphyseal dysplasia. 
Histologically, the cartilage cells were distended with 
lack of column formation. Studies of the immune 
system showed a numerical and functional T-cell 
deficiency, as shown by depressed E-rosette forma- 
tion and negative skin tests to PPD, candidin, 
streptococcus antigen, and mumps. The girl died at 
age 6 years from renal failure. The clinical findings 
were those of a nephrotic syndrome, the histological 
findings those of an immune complex nephritis with 
mesangioproliferative histological changes. The 
pathogenesis is unknown. No abnormalities of the 
aminoacid, glycosaminoglycan, purine, or pyrimidine 
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metabolism were found. The apparently autosomal 
recessive multisystem disease is differentiated from 
other osteochondrodysplasia with immunodeficiency 
such as adenosine deaminase deficiency or car- 
tilage-hair hypoplasia. 


Is overheating a factor in some cot deaths? A N 
Stanton M A P S Downham, and D J Scott 
(Newcastle upon Tyne). 


Clinical and pathological evidence of overheating 
was sought in a consecutive series of infants dying 
in Newcastle and Gateshead. Eight of 33 unexpected, 
unexplained deaths (cot deaths) were found to have 
histological changes in the small intestine of the 
kind described in association with heatstroke. 
Five of these had overwhelming clinical evidence of 
overheating, a sixth had major terminal symptoms, 
and the histories of the other two were unreliable. 
Small intestinal changes were not found in any of 
12 deaths from chronic or congenital conditions and 
in only one of eight acute explained deaths—a baby 
who died with necrotising enterocolitis. 

Seven of 34 cot death families interviewed had 
found their baby hotter than usual at death, and 
four other babies had a terminal pyrexia; 13 more 
babies had evidence of a terminal infection without 
observed fever. None had gastroenteritis. 15 of the 
cot death babies were excessively dressed or covered 
at the time of death. 

The ability to generate heat increases rapidly 
with age in infancy, while sweating capacity remains 
relatively constant. Warming neonates excessively 
increases the incidence of apnoea. Overheating 
young animals experimentally or babies in incubators 
accidentally may cause sudden silent death. 

The possibility that overheating contributes to 
some cot deaths has important implications for 
health education. 


Investigation of children when Crohn’s disease is 
suspected. C A Campbell, C Bartram, J Douglas, and 
J A Walker-Smith (London). 


Despite reports that Crohn’s disease is increasing 
in frequency in childhood in recent years, it still 
remains an uncommon disease in this age group. 
However, it is not uncommon for Crohn’s disease 
to be considered as a possible diagnosis in children 
with a wide variety of symptoms and signs, and at 
an early stage it is still a difficult diagnosis to make 
particularly when recurrent abdominal pain is the 
main presenting symptom. 

We have critically reviewed the early clinical 
features and initial investigations performed in 26 


children with established Crohn’s disease, diagnosed 
since 1975. We wish to emphasise the early symp- 
toms and signs which were found to be particularly 
associated with Crohn’s disease, and also the impor- 
tant role of well performed and appropriate radio- 
logy in making the diagnosis. 

From our personal experience of these children 
and others referred with similar symptoms we 
propose a plan of investigation for suspected cases 
involving detailed questioning, followed by radiology 
and/or endoscopy as appropriate for the individual 
child. Such an approach minimises both the time 
and trauma to which the child is subjected. 


Possible prevention of neural tube defects by peri- 
conceptional vitamin supplementation. R W Smithells, 
D W Fielding, R. Harris, N C Nevin, A P Read, 
C J Schorah, M J Seller, and S Sheppard (Leeds and 
Liverpool). 


Circumstantial evidence has previously been pre- 
sented to the BPA suggesting that nutritional 
deficiencies, specifically minor deficiencies of folic 
acid, ascorbic acid, and possibly other vitamins, may 
contribute to the causation of neural tube defects. 
A prospective, multicentre trial of periconceptional 
vitamin supplementation in high-risk mothers 
provides further evidence compatible with this 
hypothesis. 





Mothers given Control 
periconceptional | mothers 
vitamin 
supplementation 
Infant or fetus 1 12 
with neural tube 
defect 
Infant without 140 192 
neural tube defect 
Normal amniotic 26 38 
alpha fetoprotein 
Total 167 242 





P (Fisher’s exact test) <0-01. 


National food policy and child growth. P C Elwood 
and O P Gray (Cardiff). 


The Welfare Food Act 1940 gave entitlement to a 
milk supplement for pregnant mothers, infants 
under 5 years of age, and all schoolchildren. The pro- 
visions of this Act were substantially reduced in 1971 
and further restrictions appear to be imminent. 


In 1972 two randomised controlled trials were set 
up, both designed to mimic situations created by the 
1940 Welfare Food Act. 

One trial was initially based on a representative 
sample of 1200 pregnant women. Half of these were 
supplied with milk tokens entitling them to half a 
pint of milk free per day. There was no evidence of 
any effect of the entitlement on the pregnancy, judged 
by the birthweights of their infants. Their infants 
were then followed to age 5 years and half of them 
were supplied with milk tokens. Again there was no 
evidence consistent with benefit on the growth of the 
children. 

The other trial was based on 581 schoolchildren 
aged 7 and 8 years. All were from families with at 
least 4 children, and of social class IN manual, IV, 
or V. One-third of a pint of milk was supplied each 
school day for two years and this led to an increased 
growth of about 1:5 cm per year (P « 0-05). 

The relevance of these findings to our national 
food policy will be discussed. 


The BFM therapy study 1970/79 in childhood acute 
lymphoblastic leukaemia (ALL). H Riehm, G Henze, 
and C Schellong (Berlin). 


The co-operative ALL study group BFM (Berlin/ 
Frankfurt/Munich) enrolled between October 1970 
and March 1979 in sequence 355 children and 
adolescents being treated according to the Berlin 
ALL protocol. The study started in Berlin and 
after 4 years was extended to Frankfurt and Munich 
(study I, standard programme, 1970-6, n— 141). 
Between October 1976 and March 1979 8 
further paediatric departments within the Federal 
Republic of Germany participated in study II 
(standard programme, for ‘low risk’ patients, n —137, 
intensified standard programme for ‘high risk’ 
patients in two randomised modifications, n — 77). In 
discriminating the two risk groups a risk index was 
used. The results up to 1 January 1980 are as 
follows: 
Study I: 76/141 patients are virtually in complete 
continuous remission (CCR) with a median duration 
of 5 years. The therapy failure group (nonresponders, 
disease-unrelated deaths, relapses) comprises 65 
patients (1/15/49). Out of 126 evaluable patients 
the ‘cure’ expectancy is calculated to be 58 97. 
Study Il: 171/214 patients in CCR, median duration 
17 months, failure group 43 patients (3/14/26). 
Out of 200 evaluable patients the calculated pro- 
portion in CCR ('cure' expectancy) is 78% for both 
the ‘low risk’ and the ‘high risk’ therapy group. 

The results indicate that the Berlin ALL pro- 
gramme in its standard version has improved the 
outcome of childhood leukaemia by the impact of 
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intensified and prolonged induction therapy. By the 
use of the same principle (intensification of the 
standard programme) the prognosis for patients with 
risk factors is equal to that of the ‘low risk’ groups, 
thus underlining the value of early intensification 
therapy in childhood leukaemia. 


Underdiagnosis and undertreatment of asthma in 
children of primary school age. A N P Speight, 
E N Hey, and D A Lee (Newcastle upon Tyne). 


All the 2700 7-year-old children in North Tyne- 
side were screened using a school-based question- 
naire. Children with symptoms were seen for further 
study. Preliminary analysis of the results showed 
that approximately 135, of the children had wheezed 
since starting school. An attempt was made. to 
assess the degree of disability suffered by these 
children and to review previous diagnosis and 
management. 

Only 14% of the wheezy children had previously 
been labelled as asthmatic. All of these children 
labelled asthmatic had received some bronchodilator 
treatment. In contrast, of all the other wheezy 
children who had been given some other diagnostic 
label by their doctor (e.g. wheezy bronchitis, 
bronchitis, chest infection), only 11% had ever 
received bronchodilator treatment. Overall, two- 
thirds of the symptomatic children had never received 
bronchodilator treatment. The degree of disability 
suffered by these children appears to be considerable, 
as measured by time lost from school. One-quarter 
of the symptomatic children had Jost more than half 
a year of schooling as a result of their asthma since 
starting school. 

Children who had significant current sympto 
were offered treatment for their asthma at a special 
clinic. Many appeared to benefit greatly though only 
longer follow-up will allow this to be assessed fully. 


Oxford cerebral palsy survey: a review of 160 late 
walking children. J Hardie and J A Macfarlane 
(Oxford). 


Children in Oxfordshire born after 1 July 1976 
and not walking by 18 months are referred by 
health visitors for neurological and developmental 
assessment by a paediatrician at home, in an attempt 
to pick up undiagnosed cases of cerebral palsy at 
an early age. This survey, in conjunction with a 
prospective follow-up of certain categories of ‘at 
risk' babies from the special care baby unit and a 
documentation of known cases of cerebral palsy, 
aims to determine as fully as possible the incidence 
and aetiology of cerebral palsy in this area. Of the 
first 160 late walkers assessed, 6 (3:897) cases of 
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cerebral palsy and 4 (2-5%) cases of neurological 
abnormality were newly diagnosed. A further 16 
children had previously diagnosed conditions (not 
cerebral palsy) likely to have delayed their develop- 
ment. Patterns of early locomotion, family history, 
social background, and developmental assessment 
scores on the remaining 134 ‘idiopathic’ late walkers 
are discussed. The incidence of newly diagnosed 
cerebral palsy among late walkers born in 1977 for 
example makes a significant difference to the pre- 
viously known overall incidence (2:1000) for that 
year in Oxfordshire. This survey helps to explain the 
difficulties in the accurate determination of the 
incidence of cerebral palsy. 


Home monitoring of blood glucose in diabetic children. 
S Court and D Johnston (Nottingham). 


Home monitoring was performed in 40 children 
age range 3-15 years, using Glucochek devices. A 
composite blood glucose profile was constructed 
during one week for each of three consecutive 
months, a maximum of four samples being collected 
in one day. The child and family participated in 
interpreting the profile and adjusting the therapeutic 
regimen. Control was also assessed by 24-hour urine 
glucose and haemoglobin A, measurement. Anxiety 
provoked by monitoring was assessed by standardised 
psychological questionnaires. 36 were able to 
complete monitoring, and none found the sampling 
unacceptable. Patient selection was biased towards 
those with unsatisfactory control. 

In contrast to studies in adults, there was no 
marked variation in sequential profiles for individual 
children. In 12, previously unrecognised hypo- 
glycaemia was identified, and in 8 this was recurrent 
and prolonged. Persistent marked hyperglycaemia 
was confirmed in others but could not always be 
corrected. Only three families provided inadequate 
data. 

Of 21 children who have completed three months' 
monitoring, the change in diabetic control as judged 
by HbA, and mean fasting blood glucose (MFBG) 
is shown. 


Improved Unchanged Worse 
HbA, 8 9 4 
MFBG 7 6 8 


Home blood glucose monitoring is well tolerated 
but there are difficulties in interpretation. It is 
potentially useful in children with deteriorating 
control or where urine analysis is unreliable. 


POSTER PRESENTATIONS 


Monitoring of phenobarbitone and phenytoin con- 
centrations in small children by saliva assay. C J 
Bacon, D Henderson, A Heirons, J C Mucklow, 
M D Rawlins, and J K G Webb. 


Biochemical evidence for genetic heterogeneity in 
mannosidosis. P F Benson, L R Button, A H Fensom, 
and C B S Wood. 


Pitfalls in the diagnosis of coeliac disease in a non- 
specialised unit. D S K Brookfield, P G Isaacson, and 
C J Rolles. 


A simplified method for the estimation of plasma bile 
acids in children. P T Clayton, D P R Muller, and 
O H Wolff. 


Amniotic fluid acetylcholinesterase and the diagnosis 
of open tube neural defects. G Dale. 


Medical audit in neonatal care. D P Davies and 
T Williams. 
Suppressor cell activity in dermatomyositis. R F Eife. 


An auxological study of six patients with cerebral 
gigantism (Soto’s syndrome). C C Forsyth, P J Smail, 
and J A Young. 


Nitrazepam baby. S K, M Jivani. 


Cyclosporin A treatment of a child with T-cell 
leukaemia. J E Kingston, N D Barnes, and V A 
Broadbent. 


2-D-echocardiographic diagnosis of the hypo- 
plastic left heart syndrome. L Lange, H D Allen, 
S J Goldberg, and D J Sahn. 


24-hour blood glucose monitoring in diabetes mellitus. 
B M Laurance, A M Long, M O Savage, and M 
Tucker. 


Free drug level monitoring—two years’ experience 
with carbamazepine and phenytoin. T A Moreland 
and G W Rylance. 


Propanolol and cold thermogenesis in the newborn 
baby. A I Mukhtar, K, W Cross, and J K Stothers. 


Complementary breast-fed infants. A Nicol, R 
Ginsberg, and J Tripp. 


Chemical and histological investigations following 
infusions of fat emulsions during parenteral feeding 
of neonates. F Pohlandt, H U Klor, W Mohr, and 
U Tollner. 


Ethnic differences in perinatal mortality—a challenge. 
M J Robinson, S R Palmer, and R W Taylor. 


Relationship between drug metabolism and liver 
volume in children. G W Rylance, M D Cowan, 
E Guy, and T A Moreland. 


Osteogenesis imperfecta in a family with an auto- 
somol recessively inherited defect in collagen syn- 
thesis. H Schloon, A C Nicholls, M Pope, and 
W R F Weigel. 


Genetic studies in children with aniridia and Wilms's 
tumour. R. S Shannon, D G Harper, E Harper, and 
J R Mann. 


Congenital rubella and the 1978/79 rubella epidemic. 
S Sheppard, J A Dudgeon, R W Smithells, and 
O Stark. 


Àn AHA confidential enquiry into child death. 
Y Sherman. 


Phosphate treatment in X-linked hypophosphataemia. 
T E Stacey and D P Brenton. 


Chronic active hepatitis in childhood: a review of 23 
cases. A Vegnente, V F Larcher, and A P Mowat. 


Neonatal arterial occlusion. K P Ward and C R 
Rayner. 


GROUP SESSIONS 


Child Psychiatry Section Workshop 


Elective mute children: psychological development 
and background factors. I Kolvin. 

Can you tell in infancy what a child with Down’s 
syndrome will be like at eight? Ann Gath. 

The role of stressful life events in childhood recurrent 
abdominal pain. Jennie Monaghan. 

Day wetting associated with bed wetting. I Berg. 
Training of paediatric registrars in child psychiatry. 
H G Morton. 

Communication in paediatrics: The Cardiff Core 
training course. P Pinkerton. 

Psychological aspects of diabetes in childhood and 
adolescence. Elspeth Earle. 

Psychiatric aspects of mutilating surgery in children. 
Anne Bolton. 


British Paediatric Cardiology Section 


Significant congenital heart disease in a maternity 
hospital. E Naughten. 

The outcome of infants referred to a regional 
cardiac centre. B R Keeton. 

Williams’s syndrome—what happened to idiopathic 
hypercalcaemia. C R Kershaw. 

Tolazoline in the management of life threatening 
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pulmonary vasoconstrictive episodes after paediatric 
cardiac surgery. Use of indwelling pulmonary artery 
lines O D H Jones. 

Echocardiographic assessment of pulmonary artery 
pressure following pulmonary artery banding. 
A Houston. l 
Late effects on the left arm of subclavian flap 
aortoplasty. P J Todd. 

Sub-xiphoid echocardiography—a new approach 
to the diagnosis and differentitiation of atrio- 
ventricular defects. G R Sutherland. 
Ligation of the left pulmonary artery in the newborn 
pig; how the lung is perfused and grows. Sheila G 
Howarth. 


The British Association for Paediatric Nephrology 


Review lecture: A new look at the haemolytic 
uraemic syndrome. K, N Drummond. 

Severe haemolytic uraemic syndrome associated with 
unmasking of Thomsen-Friedenreich antigen and 
treated with plasminogen and streptokinase infusion. 
C M Taylor. 

The effect of indomethacin on renal EROR in 
children with cystinosis. G B Haycock. 

The echonephrogram. C Metreweli. 

Upper tract urodynamics: gamma camera studies 
in duplex and refluxing systems. S T Meller. 

Renal osteodystrophy in young children: a double 
blind trial of 1« hydroxycholecalciferol. S P.A 
Rigden. 

Review lecture: Twenty years of percutaneous renal 
biopsy in children. R H R White. 

Nonfamilial haematuria in children. N Yoshikawa. 
Steroid-sensitive nephrotic syndrome and IgA/IgG 
nephropathy: an unusual association. M H Winter- 
born. 

High-density lipoprotein cholesterol levels in 
children with the nephrotic syndrome: a possible 
risk factor for premature cardiovascular disease. 
V J Wass. 

Urine production ın early infancy. A Evans. 


British Paediatric Nutrition, Metabolism, and Phar- 
macology Group 


Maternal phenylketonuria treated by diet before 
conception. D P Brenton. 

Molecular differentiation in phenylketonuria and 
hyperphenylalaninaemia. K Bartholome. 
Tryptophanaemia observations on 4 cases. J B 
Sardharwalla. 

Homocystinuria. Results of treatment in late 
diagnosed patients. H Groebe. i 
Hypermethioninaemia—-differential diagnostic con- 
siderations. H Przyrembel. 
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The value of the glucagon test in glycogen storage 
disease. J V Leonard. 

Rickets due to an inborn error in the biosynthesis of 
vitamin D-hormone: deficiency of 25-OH-vitamin 
D,-a-hydroxylase. H K A Visser. 

Isn’t it time we took lead out of petrol? F W 
Alexander. 

Nutritional growth restriction and catch-up. J 
Dobbing. 

Dose dependent enzyme induction in anticonvulsant 
treated children. H Bartels. 

The influence of dose and time of administration on 
transplacentally acquired pethidine in the newborn. 
T A Moreland. 

Should we reduce the acid lead of cows’ milk based 
formulae for infant feeding? F Manz. 

Infant feeding: mothers’ antenatal attitudes and 
subsequent practices. J L Smart. 


British Paediatric Tropical Child Health Group 


Hospital admissions in children with sickle cell 
anaemia. Lily N Murtaza. 

Aetiological factors in chronic diarrhoea after 
measles in malnourished children. J F B Dossetor. 
Plasma. prolactin levels in undernourished lactating 
mothers. P Lunn. 

A school-based approach as the second front in 
community health-care—the Kangazha experiment. 
M V Joseph. 

The use of oral glucose electrolyte solution pre- 
pared with untreated well water ın acute non- 
specific childhood diarrhoea. M Watkinson. 
Hydrops fetalis in South Korea. Elizabeth Bryan. 
Growth and social class in urban Nigerian children. 
Margaret D Janes. 


Community Paediatric Group 
The effects of personal health during pregnancy on 
fetal outcome 


The strength and weaknesses of epidemiological 
approaches to the problem. Jean Golding. 

What is the relationship between fetal nutrition, 
adverse birth factors, and subsequent development? 
J S Wigglesworth. 

Drug and alcohol teratology. R W Smithells. 
Why pregnant women don't do what we tell them. 
Hilary Graham. 


British Paediatric Immunology Group 


Clinical manifestations of allergy in an infant 
population. D W Hide. 


Successful marrow transplant for reticular dys- 
genesis. Karin Tiedemann. 

Disturbance of functional activity of the alternative 
pathway of complement in sickle cell anaemia— 
more than one defect? V F Larcher. 

Islet-cell antibodies in children with mumps infection. 
A Otten. 

Suppressor T-cells in asthmatic children. D A Hughes. 
Is breast feeding enough to prevent atopic disease in 
susceptible children? D Stratton. 

Immunological studies on allergic children and 
beekeepers. R. Urbanek. 

Polymorphonuclear leucocyte iodination response 
as an estimate of defective yeast opsonisation. 
D M Roberton. 


British Paediatric Perinatal Group 


Neurological development of the preterm infant. 
Penelope Palmer. 

Isoimmune neonatal thrombocytopenic purpura. 
P Galea. 

A controlled trial of intravenous aminophylline 
and face mask continuous positive airways pressure 
in apnoea of prematurity. Rosamund A K Jones. 
The benefit of silver swaddlers. J K Stothers. 


The role of neonatal intensive care in the prevention 
of death and handicap 


The benefits of neonatal intensive care. M L Chis- 
wick. 

The hazards of neonatal intensive care. N R C 
Roberton. 

An overview of neonatal intensive care. J P M 
Tizard. 


British Paediatric Radiology Group 


Calcareous degeneration ın discs in children. P P 
Franklyn. 

Acromesomelic dwarfism. D J Wilkinson. 

Bone scanning in childhood trauma. Helen Carty. 
Unusual sites of acute osteomyelitis in childhood. 
K. J Shah. 

Skeletal maturation at the hand and wrist in normal 
children in Nottingham. P Small. 

The ‘air block’ phenomenon in neonates. G M A 
Hendry. 

Respiratory difficulty in infancy due to intrathoracic 
mass lesions. P S Thomas. 

Echographic diagnosis of hydronephrosis pitfalls 
and difficulties. C Metreweli. 

Radiology in the diagnosis of meconium ileus 
equivalent. D W Pilling. 


l 


British Society of Paediatric Endocrinology 


B-cell development in human pancreas. P K, 
Wirdnam. 

A study of the remission period in juvenile diabetes 
mellitus. O Hensey. 

What are the medium term benefits of mono- 
component insulins? M Webster, 

What do diabetic children eat? Ann-Louise Kin- 
month. 


Assessment of diabetic control 


(1) An excursion into self-monitoring of blood 
glucose in diabetic children. P G F Swift. 

(2) Home blood glucose monitoring in diabetic 
children. Valerie A. Broadbent. 

(3) Filter-paper capillary blood glucose profiles in 
the assessment of diabetic control. A D Edelsten. 
Melatonin and human puberty. M A Preece. 
Variation in the patterns of female precocious 
puberty. D B Grant. 

Growth pattern and gonadotrophin secretion in 
boys with delayed growth and adolescence. M O 
Savage. 

Acute endocrine and metabolic effects of hGH 
(UK). A Aynsley-Green. 

Circulating levels of DHA in growth hormone- 
deficient children. M B Ranke. 

Salivary cortisol levels during provocation tests in 
children. D A Price. 

Thyroxine dosages in congenital hypothyroidism. 
J A Hulse. 


British Paediatric Gastroenterology Group 


Short stature as a primary manifestation of coeliac 
disease: a feature in need of emphasis. A Groll. 
Childhood coeliac disease in the Asian immigrant 
community. M J Brueton. 

Disaccharidase activity in patchy enteropathy in 
children. C A Campbell. 

Loperamide inhibits cholera toxin induced secretion. 
Bhupinder Sandhu. 

Adhesion characteristics of strains of E. coli isolated 
from children during an outbreak of acute diarrhoea: 
isolation of a colonisation factor II producing strain. 
D C A Candy. 

Quantitive analysis of small intestinal mucosa in 
cows’ milk protein intolerance. A D Phillips. 
Pitfalls in the investigation of carbohydrate mal- 
absorption in the neonate may be lessened by com- 
bined investigations. M J Harran. 

A new method for the detection of breath hydrogen. 
E J Eastham. 

Small intestinal absorption of neutral amino-acids 
and glycyl-1-phenylanine in cystic fibrosis. P J Milla. 
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Studies on the pathogenesis of faecal bile salt losses 
in cystic fibrosis. Anne Kilby. 

Extrahepatic portal hypertension in AE 
E R Howard. 

Intracellular localisation of copper by energy 
dispersive microanalysis in Indian childhood cir- 
rhosis. M S Tanner. 

Liver disease in children with cystic fibrosis. H T 
Psacharopoulos. 


British Paediatric Oncology and Haematology Group 


Guest lecture: The histiocytic disorders. M. Nesbit 
(University of Minnesota). 

Erythroid progenitor culture in the investigation of 
pure red cell aplasia. C Sieff. 

The fall and rise of haemoglobin in the low birth 
weight infant. D Stevens. 

Sickle cell anaemia in Birmingham children. Jillian 
Mann. 

Acute splenic sequestration in SS disease in the last 
five years. Janet M Topley. 

Pit counts and infections in childhood sickle cell 
anaemia. D W Rogers. 

Effect of treatment on inhibitor levels in boys with 
haemophilia A and B with inhibitors. G H Hill. 

An evaluation of cefuroxine and gentamicin in 
febrile neutropenic children. D Stratton. 

Ewing’s sarcoma treatment with high dosage 
radiation and adjuvant chemotherapy. Ann Gold- 
man. 

Nephroblastoma—25 years of cases with special 
reference to those under one year. Patricia H Morris 
Jones. 

Comparison of cyclophosphamide and vincristine 
with cyclophosphamide, vincristine, and adriamycin 
in advanced neuroblastoma. J Ninane. 


British Paediatric Respiratory Group 


A survey of asthma in 7-year-old children in INO. 
Tyneside. D A Lee. 

A comparative assessment of slow release hess 
phylline, ketotifen, and placebo in young asthmatics. ` 
D Stratton. 

Ketotifen in childhood asthma. R C Groggins. 
Review lecture: Hyposensitisation in childhood: 
asthma. J O Warner. 

The effects of anti-mite measures on children with : 
mite-sensitive asthma—a controlled trial. E R 
Verrier Jones. 

Nebuliser medication: how much leaves the bottle? 
S A Ibrahim. 

Review lecture: RS virus infections in infancy. E N 
Hey. 
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Respiratory patterns during sleep in bronchiolitis. 
F Silva. 

Severity of illness in children with whooping cough. 
D J Matthew. 

Bronchial hypersecretion in preterm babies. C Wong. 


British Paediatric Neurology Association 


Multicystic encephalomalacia due to fetal viral 
encephalitis. S Lingham. 

A family study of hydrocephalus due to aqueduct 
stenosis. Frances Howard. 

Peripheral nerve conduction velocity and fetal 
nutrition. R O Robinson. 

Multiple familial constriction rings with entrapment 
neuropathics. N Marlow. 


Factors associated with periventricular haemorrhage 
in the very low birthweight infant. R W I Cooke. 
Neuraminidase deficiencies. J Spranger. 

Congenital myopathy in Lowe’s syndrome. F 
Hanefeld. 

Fears of death in febrile convulsions are normal. 
J H Baumer. 


Clinical aspects of neonatal neurology 


Facts and fancies in the neurological examination 
of the newborn. J K Brown. 

The floppy infant. D Gardner-Medwin. 

What can be learned from neonatal behaviour? 
J A Macfarlane. 


Richard Heyworth Dobbs 


We record with regret the death of Dr Richard 
Dobbs on 21 August. Among his many distinguished 
contributions to paediatrics, he was Editor of the 
Archives from 1954 to 1969—the second longest 
serving editor of the journal—and President of the 
BPA 1970-71. He took a keen interest in the Archives 
after his retirement and was a frequent and friendly 
visitor to the editorial office. 


Archives of Disease in Childhood, 1980, 55, 741—745 
Correspondence 


Effects of sleep state and feeding on 
cranial blood flow of the human 
neonate 


Sir, 

We were interested in Rahilly's recent speculation that 
metabolic changes after feeding may be important factors 
which could explain the fall in cerebral blood flow he 
reported one hour after a breast feed in term neonates.* 
Rahilly went on to imply that the metabolic fluctuations 
induced by bolus feeding regimens in preterm infants 
could predispose such infants to intraventricular 
haemorrhage. The concept that phasic changes in 
metabolism inducec by feeding could induce a variety of 
cyclical physiological events in neonates is an important 
and a relatively unresearched subject which may indeed 
have implications fcr the nutritional management of sick 
low birthweight infants. We should like to comment on 
how far Rahilly’s suggestions agree with some of our own 
data* on the metabolic and endocrine effects of feeding 
term and preterm infants in the first days after birth. 

An argument which links postprandial changes in 
blood flow to metabolic events presupposes that there are 
indeed changes in metabolism after a feed. With respect to 
several circulating metabolites and alimentary hormones, 
many of which change after a feed in adults, we found 
that in breast-fed term infants on the 6th day and in 
preterm infants at means of either 2-5 or 6 days of age, 
there was no postprandial alteration in ketones (aceto- 
acetate and g-hydroxybutyrate), alanine, pyruvate, 
lactate, glucagon, enteroglucagon, vasoactive intestinal 
peptide, gastrin, secretin, gastric inhibitory polypeptide, 
Or pancreatic polypeptide. In contrast older neonates 
(>3 weeks, and older than Rahilly’s patients), showed 
pronounced postprandial changes in many of these 
factors. We do accept however, that the measurement of 
circulating metabolites may not necessarily reflect the 
metabolic effects of feeding, which can be assessed fully 
only by turnover studies. 

Nevertheless, phasic metabolic and endocrine changes 
after a feed in the first week postnatally are not totally 
absent. Insulin and glucose rose postprandially in all the 
groups we studied and, perhaps of most interest, the 
neurotensin response to feeding at this age 1s pronounced. 
Neurotensin is one of several gut hormones to have been 
isolated in both gut and brain.*^* In the brain neuro- 
tensin is believed to have a neurotransmitter role, and 
pharmacological studies in animals suggest that in the 
circulation this hormone may affect vascular tone. Could 
the neurotensin response to feeding partly explain 
Rahilly’s findings? Clearly the whole subject needs 
further study. 
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ALBERT AYNSLEY-GREEN 
Department of Paediatrics, 
John Radcliffe Hospital, 
Headington, Oxford OX3 9DU 


Upper airway abnormalities and their 
functional implications in respiratory 
disease, especially cot death in infancy 


Sir, 

The discussion on the interesting findings reported by 
Wailoo and Emery! could have been developed further 
and therefore might have been less speculative. In 
particular the relationship between tracheal enlargement 
and function might have been more conclusive if more 
information had been provided. 

A comparison between cot deaths with and without 
established respiratory disease would have been helpful. 
It would have clarified any causative role of respiratory 
disease in tracheal enlargement and the possibility that an 
enlarged or distensible trachea might predispose to cot 
death, perhaps by compromising the respiratory response 
to airways challenge. Wailoo and Emery? referred to 
previous *unexplained' findings of vocal cord necrosis in 
infants dying from cot deaths. As their paper sought a 
better understanding of abnormal function, surely these 
two findings could have been compared in the same 
children. It has been suggested that vocal cord necrosis 
may be caused by excessive laryngeal adduction, as 
occurs with the expiratory grunt in respiratory distress.? 

We now know that expiratory laryngeal adduction 
often leading to transient glottic closure and thus to 
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apposition of the cords can occur normally during quiet 
sleep in young lambs.? Briefly, this ‘braking’ of expiratory 
airflow by the larynx generates positive subglottic 
pressure of up to 10 cm water and is an important 
mechanism in preventing lung collapse in the young until 
a noncollapsible chest wall is established. If this expiratory 
laryngeal pressure is prevented, such as by a tracheotomy 
or endotracheal intubation, respiratory frequency falls 
and respiratory drive is greatly diminished especially 
during quiet sleep. Equally, it can be reasoned, if an 
overdistensible trachea exists or develops, respiratory 
drive could diminish, and failure or *unexplained death' 
occur during respiratory challenge—such as with an 
apparently trivial infection or upper airways obstruction 
during sleep. That 1s to say, positive expiratory pressure 
could not be developed if the upper airways simply 
dilated with glottic adduction. 

What subglottic pressures are generated in respiratory 
disease in the young appears to be uncertain. From our 
studies 1n early postnatal life we would expect tracheal 
distension during the expiratory cycle (rather than 
obstruction) in quiet sleep but such airway collapse could 
occur in rapid eye movement sleep when upper airway 
expiratory resistance 1s slight. 

Thus a hypothesis to be tested could be an association 
between vocal cord necrosis, indicative of chronic 
laryngeal adduction in expiration, and a distended 
trachea in these cases. The information from this com- 
prehensive series of necropsies could provide valuable 
evidence which could point the way to a functional 
evaluation in such infants possibly averting later morbidity 
and mortality Surely a'morbid anatomist's dream! 
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Professor Emery and Dr Wailoo comment: 


We were very well aware of most of the points raised by 
Paul Johnson but did not wish to speculate too far beyond 
our evidence. 

The possibility of spasmodic glottic closure being a 
major factor in unexpected death 1s one that we have been 
studying for many years but unfortunately, as with so 
many things related to cot death, these vocal cord lesions 
also occur in children who die in hospital from apparently 
clinically justifiable disease.t It would be possible, and 


nice, to do the anatomical correlations that Johnson 
suggests but the nonspecificity of the vocal cord lesions 
would be likely to lead to an 1nconclusive result. 

Our own interest has progressed from the general 
statistical conclusions to the possibility that there is a 
particular area of tracheomalacia at the carina which 
enables the trachea to ‘block off’ at this point and that 
infection is either absent or present at the laryngeal conus. 

It would be of interest to us if Paul Johnson could give 
his findings regarding the presence or absence of laryngeal 
lesions indicating spasm in his lambs! 
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Gluten intolerance, gluten 
enteropathy, and coeliac disease 


Sir, 

I read with interest the article by Dodge. His enlarged 
concept of gluten-induced 'disease' is attractive, original, 
and may be correct, but his proposal for omitting the 
second of the present three biopsies recommended by 
the European Society for Paediatric Gastroenterology 
and Nutrition (ESPGAN} seems inopportune and open 
to criticism. 

Most coeliac children put on a gluten-free diet will 
present a normal jeyunal mucosa from as soon as a few 
months up to 1-2 years after introduction of the diet and 
if they do not one suspects incomplete gluten withdrawal.? 
Though some biochemical, haematological, or immuno- 
logical data can be of help in the follow-up of coeliac 
children as well as in the assessment of the degree of 
adherence to the gluten-free diet, a normal jejunal mucosa 
IS the most reliable finding. So, omitting the second 
biopsy not only fails to confirm the second step to a final 
diagnosis of gluten-induced enteropathy, but also loses a 
valuable way of assessing the strictness of dietary treat- 
ment. 

The criteria of Interlaken,? including ‘the 2-year rule’, 
may be too rigid, but nevertheless they fit with most 
coeliac children (95°%)* and in our experience they 
contribute to an mcreased accuracy in the diagnosis of 
coeliac disease. 

Until a more complete knowledge is reached concerning 
permanent, transient (7),° or latent (?)* gluten enteropathy 
or gluten intolerance any escape from the ESPGAN 
criteria seems undesirable and will confuse rather than 
help to clarify the diagnosis and management of children 
with coeliac disease. 
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confirmed coeliac disease. In: McNicholl B, McCarthy 
C F, Fottrell P F, eds. Perspectives in coeliac disease. 
Proceedings of the Third International. Symposium on 
Coeliac Direase, Galway, September 1977. Lancaster: 
MTP Press, 1978: 259-66. 
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J SALAZAR DE Sousa 
Department of Paediatrics, 
Hospital de Santa Maria, 
University of Lishon, 
Portugal 


Dr Dodge comments: 


I am grateful “or Professor Salazar de Sousa’s comments. 
I had intended my paper to be provocative. 

In my own practice, I follow the ESPGAN protocol 
and submit patients to three biopsies. However, this 
procedure is followed by only two-thirds of the members 
of ESPGAN! and I imagine that only a few nonspecialist 
general paediatricians in this country routinely perform a 
gluten challenge, followed by a biopsy. Moreover, the 
challenge procedure varies considerably from putting the 
patient on a free diet to daily administration of a pre- 
scribed large amount of gluten. The postchallenge biopsy 
is essential if a diagnosis of persistent gluten enteropathy 
is to be made. I want to encourage paediatricians who are 
daunted by the present protocol to give a gluten challenge 
to patients who have benefited clinically and, if known. 
histologically from a gluten-free diet. 

Most of my patients in Cardiff seem to adhere very well 
to their dietary regimen, and it is exceptional to find one 
in whom the mucosa has not recovered when a second 
biopsy is performed. However, simply knowing that the 
mucosa is still abnormal would not ensure future patient 
compliance, and I believe that our good results can be 
attributed to the continuing advice and encouragement 
given to the parents by our dietician. The primary purpose 
of my paper was not to challenge the usefulness of the 
ESPGAN criteria (and I agree that we have nothing 
better at the moment), but to suggest that until we have a 
satisfactory definition of coeliac disease that is accepted 
both by physicians and paediatricians,? we could improve 
the clarity of our communications by using the terms 
‘gluten intolerance’ and ‘gluten enteropathy’ to describe 
clinical symptoms and histological appearances. When 
Professor Salazar de Sousa tells me that a patient has 
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coeliac disease I understand him perfectly because we 
both use the same diagnostic criteria, but it seems more 
sensible to use accurate descriptive terminology when the 
investigative process is incomplete, or when the criteria 
are not agreed. 
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Dissolution of bilateral cystine calculi 
by penicillamine 


Sir, 

I read with interest the paper by Ruysch van Dugteren 
and Wiggelinkhuizen.! I have obtained similar results 
with alpha-mercaptopropionyl glycine. Cystine-lysine- 
ornithine-argininuria was diagnosed in two siblings—one 
with bilateral staghorn calculosis—by using high-tension 
electrophoresis. Calculi were dissolved by means of alpha- 
mercaptopropionyl glycine in the child with bilateral 
calculosis (Figs 1 and 2) while prevention, without 
presence of calculi, was achieved with the same drug in 
the other child. These results show that the drug is useful 





Fig. | 
Bilateral renal calculosis (arrows). 


Patient aged 5 years: ( x-rays of abdomen). 
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Fig. 2 
more than 2 years of treatment with alpha-mercapto- 
propionyl glycine, total dissolution of bilateral calculosis. 


Patient aged 7 years: (x-rays of abdomen). After 


for the treatment and prevention in homozygotes for the 
disease. Alpha-mercaptopropionyl glycine may be safer 
than D-penicillamine. 
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AGOSTINO BERIO 
Paediatric Clinic, 
University of Genoa, 
Via 5 Maggio 39, 
Gaslini Institute, 
Genoa, Italy 


Dr Ruysch van Dugteren comments: 


p-penicillamine has been, until recently, the only thiol 
readily available for the treatment of cystine stone- 
forming patients. Potentially serious side effects have 
necessitated the withdrawal of this drug in 507; of patients. 

Since 1973 alpha-mercaptopropionyl glycine has been 
used in a number of (presumably) adult patients. ? In 
a total of 26 patients so treated for up to 5 years no serious 
side effects were observed, and the effectiveness of the 
drug in reducing cystine excretion in the urine equalled 
that of p-penicillamine. 

Professor Berio's letter provides further clinical 
evidence that alpha-mercaptopropionyl glycine may 
prove to be the drug of choice in children with cystinuria. 
It must be stressed however that a 3-pronged attack with 
(1) an increased fluid intake, (2) alkalinisation of urine, 
and (3) a thiol such as alpha-mercaptopropionyl glycine, 
has a far better chance of succeeding in dissolving stones 
than any one of these methods on its own. 
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Cows' milk protein-sensitive 
enteropathy 


Sir, 

In 1978 we proposed the following criteria for the 
diagnosis of cows' milk protein-sensitive enteropathy.! 
(1) Clinical disease (diarrhoea with or without vomiting) 
while receiving cows' milk protein. 

(2) Clinical improvement on a diet free of cows’ milk 
protein. 

(3) Normal or mildly abnormal histology of jejunal 
mucosa when taken 6-8 weeks after symptoms subside. 
(4) Histological relapse, with or without clinical relapse, 
after re-exposure to cows' milk protein. 

We have now studied a further 60 infants. In analysing 
the clinical, histological, and enzymological results we 
have found that cows’ milk protein can cause depletion of 
the mucosal oligosaccharidases, and malabsorption of 
xylose in the absence of mucosal damage visible under the 
light microscope. 

These 60 infants were clinically suspected to have 
intolerance to cows’ milk protein. After their fluid, 
electrolytes, and acid-base imbalance had been corrected, 
they were started on a lactose- and cows’ milk protein-free 
formula which was maintained for 6-8 weeks. After this 
they were readmitted for milk challenge which was per- 
formed as has been described.? The clinical features of 
these 60 infants at admission have been described.* 

From clinical, histological, and enzymological response 
to cows’ milk protein, after milk provocation, each infant 
could be placed in one of 4 groups. 


Group I consisted of 22 infants with significant histological 
changes associated with pronounced reductions in 
disaccharidase levels. All 22 infants developed diarrhoea, 
some of them with vomiting, fever, or lethargy, 17 of 
them within 24 hours and five 3 to 28 days after milk 
provocation. 11 of 12 infants tested had reducing sugar in 
the stools. 


Group 2 consisted of 22 infants with significant histo- 
logical changes and reduction in enzyme levels (except in 


one in whom the levels of all 3 enzymes remained un- 
altered despite significant histological changes) but with- 
out clinical symptoms. At follow-up 4 weeks later, all 22 
infants remained well on a cows' protein-based formula 
despite the histological findings. 


Group 3 consisted of 6 infants with normal histological 
findings but with depressed enzyme levels. Five of them 
tolerated cows’ milk but the 6th developed diarrhoea 48 
hours after milk provocation, although the stools 
collected before and after milk provocation were positive 
for rotavirus. 


Group 4 consisted of 10 infants in whom there was no 
histological, enzymological, or clinical relapse. Although 
some variability in the pre- and postchallenge enzyme 
values was observed, unlike 50 infants in groups 1, 2, and 3 
there was no consistent fall in enzyme levels. 

Although the reduction in the mean levels of the 
disaccharidases in group 1 was significantly greater than 
that in group 2 or 3, individual cases overlapped greatly. 

The histological findings and enzyme values of the 4 
groups have been described.? 

Xylose absorption studies, using the method of Rolles 
et al.,? performed in the 6 infants in group 3 showed a drop 
in the postchallenge compared with the prechallenge levels. 
It appears that cows' milk protein can cause enzyme 
depletion and xylose malabsorption without obvious 
histological changes. It is possible that the enzyme 
depletion is associated with subcellular changes that are 
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not visible under the light microscope. These observations 
now lead us to propose that our original combined 
clinical and histological criteria should be modified to 
include enzymological criteria: 


(1) Clinical disease (diarrhoea with or without vomiting) 
while receiving cows' milk protein. 

(2) Clinical improvement on a diet free of cows’ milk 
protein. 

(3) Normal or mildly abnormal jejuna! mucosa with 
normal oligosaccharidase levels 6-8 weeks after symptoms 
subside. 

(4) Histological or enzymological relapse with or without 
clinical relapse on re-exposure to cows’ milk protein. 
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Archives of Disease in Childhood, 1980, 55, 746—748 


Book reviews 


to Psychosocial Care. Research in Psycho- 
social Edited by Jerome L 
Schulman and Mary Jo Kupst. (Pp. 216; 
ulustrated + tables. $18.50 hardback.) 
Thomas: Springfield. 1980. 


Although it seems probable that most 
paediatricians are sensitive to the needs of 
the child with cancer and his parents, if 
not his whole family, it 1s only in the last 
few years that attention has been more 
formally focused on the psychosocial 
aspects of childhood malignancy. Meet- 
ings such as those sponsored by the 
Leukaemia Research Fund have per- 
formed a valuable role in highlighting 
various problem areas, not the least that 
of cancer as a chronic disease rather than 
an immediate threat to life. 

Are books on such subjects helpful, 
and is transAtlantic experience relevant 
for practice here? Those wondering this 
could dip into The child with cancer which 
has 31 contributors and 1s divided into 
two parts. The first part is a review of 
current practice as evaluated by a group of 
psychosocial professionals at 22 American 
centres. Subjects discussed include: 
parents’ groups, care of siblings, con- 
tinuing involvement with famultes after 
death. As one would expect, practice 
varies widely between centres. The second 
part consists of papers discussed at a 
meeting on research into psychosocial 
aspects of childhood cancer. Here are 
described attempts to predict which 
families would cope with a diagnosis of 
leukaemia, and to follow up families 
who had lost a child. 

Perhaps for the medical members of the 
team the most valuable role of such 
meetings and publication is to emphasise 
certain areas where extra time and care 
are needed. For example, stress on siblings 
has been insufficiently appreciated; as 
Madame Alby (the only non-American 
contributor) points out, stopping treat- 
ment in a patient who has remained in 
remission is unquestionably a period of 
strain, 

There is unavoidable repetition and, 
perhaps, a general assumption that 
psychosocial intervention is always a 
good thing—a hypothesis which like 
others must surely be subjected to trial. 

JUDITH M CHESSELLS 


Facial Features of Neurologic Syndromes. 
By P Dyken and M D Miller. Illustrations 
by K Waldo and J Hagan. (Pp. 449: 
illustrated + tables. £36.25 hardback.) 
Mosby: St Louis. 1980. 


Facial perception is a highly developed 
skill, a large area of occipital cortex 
being designed for the purpose. It is, 
therefore, right to attempt to widen the 
scope from consideration of syndrome 
characteristics, such as provided by 
Goodman and Gorlin’s The face in genetic 
disorders, and Smith's Recognisable 
patterns of human malformation, to 
consideration of acquired disorders of 
both structure and function. 

After the initia] chapter on facial 
embryogenesis, the characteristics of the 
normal face are described in detail. This is 
achieved by constructing reference lines 
between various bony and soft tissue 
landmarks, The face is divided into 
segments (upper, middle, and lower), and 
there follows a description of the kinds of 
abnormalities which occur in each. While 
reference lines make for orderly viewing, 
this is not the way the brain naturally 
approaches a visual task. We are told that 
the lines are important, and no doubt they 
could be, but the usefulness is duninished 
by the lack of normal values (the only 
norms provided are those for head 
circumference). This section makes tedious 
reading. Statements such as ‘freckles... 
are especially meaningful when seen 
around the lips and central middle face’, 
are unhelpful and are unlikely to be 
remembered unless anchored by an 
iJlustration and a label. 

The remaining three-quarters of the 
book continues the same segmental 
theme using it to describe the syndromes 
which are expressed in different facial 
areas, This naturally leads to repetition, 
many syndromes involving more than 
one facial segment. The nature of the 
task demands that the presentation be 
primarily visual with supporting text. The 
standard of reproduction is fair, although 
some of the photographs fail to show what 
was intended, sometimes due to lack of 
colour. An attractive feature is that several 
examples of the less unusual syndromes 
are generally given, so that the 
characteristics they have in common can 
be appreciated. The text becomes a little 
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unbalanced ın the direction of 
neurological exposition. For exam 
Leigh’s disease has 20 lines giving det 
of the biochemistry and histopatholc 
but only 2 lines on the facial appearas 
There is superficial discussion of oct 
motor abnormalities and disorders of h 
movement, but not of facial movemer 
was left wondering for what readership 
book was intended, and whether the a 
had become confused. In its present fi 
It does not successfully complement 
rivals in the field. 

RICHARD O ROBIN 


A Handbook of Clinical Genetics. 
J S Fitzsimmons, assisted by E M I 
simmons. (Pp. 159; illustrated + tal 
£5.15 paperback.) Heinemann Mec 
Books: London. 1980. 


The preface states that this book 
written initially for nurses and 
emphasis throughout is directed to 
nurses' role in the genetic counse 
service. The book outlines the fu 
mentals of clinical genetics and the cur 
problems likely to be encountered, 
can be recommended to any intere 
paramedical worker or medical stu 
doing his paediatric appointment. 
easy to read and enlivened with occasi 
cartoons, although the line draw 
illustrating the various dysmor 
syndromes are not as evocative as cli 
photographs. The book should no 
used as a reference work as there are 
or two errors in the lists of single 
disorders, and most of the medical ; 
should already be known to paediatric 
However, with its emphasis on counsel 
as opposed to information giving, it c 
usefully be read by anyone doing his 
genetic counselling or by anyone wl 
curious to know what goes on in a ge 
counselling clinic. 

CAROLINE B 


Heart Disease in Infants and Chik 
Edited by G Graham and E R 
(Pp. 512; illustrated + tables. £4 
hardback.) Arnold: London. 1980. 


This book 1s edited by a clinical ca 
physiologist from London and a pa 
trician from Switzerland. It is techn 


| produced in a large format with a 
asing layout. There are 31 contributors, 
inly from England and Switzerland, and 
ir stvles of writing and presentation 
y. The book was written for paediatri- 
1s with limited experience of cardiology, 
| for cardiologists with limited 
erience of young children. The editors 
e avoided needless repetition but they 
e at times forgotten their readership 
. given unnecessary details on some 
nts and insufficient guidance on others. 
‘here are three sections. The first deals 
1 general aspects—such as, aetiology 
genetics, the problem of pulmonary 
ertension, the practical management of 
rt failure and methods of its investiga- 
|. It is surprising that the pharmaco- 
cal manipulation of the ductus is so 
e discussed as it is of interest both to 
paediatrician and the cardiologist. The 
diatrician would like to know whether, 
'n, and how to use indomethacin and 
staglandins. The use of the latter is not 
tioned under pulmonary atresia nor 
mentioned under critical coarctation 
1 a ductus, when it may be of value. 
mechanism of arrhythmias is well 
ribed but there is little practical 
ce on, for example, the best drug to 
nowadays for a critically ill newborn 
nt with supraventricular tachycardia. 
section on cardiological examination 
1orough and the diagrams geometr'- 
/ innovative, but such detail as varying 
‘ees of splitting of the second sound is 
e suitable for the paediatric cardio- 
st than for the paediatrician. 
he second section deals with individual 
t lesions and these are clearly 
ribed. Some lesions are well and 
hly illustrated, others not at all. The 
complications after surgery however, 
aardly mentioned and more informa- 
on them would have been useful. 
1e last section deals with acquired 
t diseases—rheumatic fever, hyper- 
on, cardiac tumours, and cardio- 
pathies. Cardiomyopathies are dis- 
2d in great depth and this is a good 
on for reference. 
rere is no doubt that paediatricians 
find this book interesting but it is a 
' book and an expensive one, and they 
many other specialties to study: it 
enable cardiologists to learn about 
enital heart disease but it is a pity that 
' is not a separate chapter devoted to 
ewborn infant. 
tis book will be particularly helpful to 
paediatrician or cardiologist in 
ing while he is attached to a paediatric 


cardiology unit and is seeing children with 
such conditions. 
OLIVE SCOTT 


The Injured Child. Surgical Management. 
Edited by J G Randolph, M M Ravitch, 
K J Welch, C D Benson, and E Aberdeen. 


(Pp. 420; illustrated -- tables. £29.25 
hardback.) YB Medical Publishers: 
London. 1979. 


This is not a handbook for a busy casualty 
officer; it is an authoritative textbook that 
should be studied in depth and not con- 
sulted for immediate answers to clinical 
problems. The 24 contributors from North 
America with the help of one from 
Europe, are concerned with the manage- 
ment of life-threatening trauma and each 
writes from his clinical experience, which 
by English standards is immense. Most of 
the chapters are taken from the third 
edition of Pediatric surgery (Chicago 
Year Book Medical Publishers Inc., 1978), 
which undoubtedly has helped to keep the 
price down. 


Any clinician who is responsible for an 
accident department that admits children 
will find useful the chapters on organisa- 
tion, anaesthesia, respiratory support, and 
intravenous techniques. The middle sec- 
tion, which deals with trauma to the 
thorax, abdomen, central nervous system, 
and the genitourinary tract is well 
presented. However some topics are dealt 
with only superficially—for example, 
intravenous alimentation is dismissed in 
one page. The chapter on surgical infec- 
tions is of general interest, but the section 
on congenital immune deficiency states 
seems hardly relevant. However, the 
chapter that follows which is about acute 
renal failure is of great importance and is 
written in a precise style. Child abuse is 
not forgotten and a well-balanced chapter 
is included. 


There are good line drawings and the 
x-rays are clear and well chosen. Each 
chapter has references, but most cite 
American books and journals. 


Written mainly by surgeons and 
anaesthetists, this book will appeal to 
clinicians in these two disciplines. I cannot 
agree with the editors that it should prove 
useful to family practitioners, although it 
would certainly be of value to any 
paediatrician working in conjunction with 
his general surgical colleagues. In striving 
to reduce the high mortality and morbidity 
from trauma, each accident department 
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should have access to this book, and it is 
recommended as post-Fellowship reading. 


D DRAKE 


Newborn Respiratory Care. Edited by 
M D Lough, T J Williams, and J E 
Rawson. (Pp. 333: illustrated + tables. 
£17-00 hardback.) Y B Medical Publishers: 
London. 1979. 


This book is the neonatal version of 
Paediatric respiratory therapy now in its 
second edition, which also has Dr Lough 
as its senior editor. 

The first chapter gives a simple over- 
view of the embryological and fetal 
development of the cardiac and respiratory 
systems and their postnatal changes. 
Chapters 2 to 5 describe neonatal resusci- 
tation and pulmonary disorders, and 
neonatal radiology and pharmacology. 
Although the descriptions of disease 
are correct they are so brief that they 
would not give enough information to 
enable the management of a case of 
respiratory distress or meconium aspira- 
tion. Base therapy and the relevance of 
Paco» measurements are barely mentioned 
and thereason why some drugs (tolazoline) 
are described whereas others (diuretics) 
are not, remains a mystery. 

Transportation of the sick neonate, 
practical procedures in  neonatology, 
and the basic nursing care of neonates 
with lung disease are adequately covered 
in chapters 6 to 8. Chapters 9 and 10 
comprise 30% of the text and contain 
detailed descriptions of the techniques 
and apparatus used when applying CPAP 
and IPPV. Although the text concentrates 
on these subjects it does not give enough 
information to enable one to cope with 
the overall management of an infant so 
treated. This also applies to chapter 11 
which consists of a short description by 
Dr Boros on the management of infants 
with respiratory failure. Unfortunately, 
of the ventilators used in the UK only 
the Baby Bird and the Bourne BP 200 are 
described, and there are no data on 
Drager ventilators, nor are there data on 
Bennett’s, Loosco's, or Vickers’s machines. 

The book ends with a good account 
of the emotional and psychological 
problems of parents whose infants are in 
neonatal intensive care units. Although 
this is an important facet of neonatology 
it is curiously out of place in a book that is 
otherwise totally dedicated to the lung, 
and deals with none of the other peripheral 
activities important in the care of severe 
neonatal respiratory disease. 
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It is obvious that this book was written 
for respiratory technologists, a group of 
paramedics currently unknown in the 
UK, and it concentrates entirely on lung 
disease. As such it 1s inadequate for 
medical students or nurses, even for those 
working 1n neonatal intensive care units, 
and will be of little value even for house 
officers in such units. As may be expected 
of such a book it places considerable 
emphasis on physiotherapy, which at 
best Is unnecessary in most neonates with 
respiratory illness and is usually risky. 
The authors are dangerously casual about 
the hazards of hyperoxaemia—they recom- 
mend high Fos for treating pneumothorax 
and for resuscitating premature infants 
with recurrent apnoea by bag and mask 
ventilation using 100% oxygen; this is 
the most effective way of creating retro- 
lental fibroplasia. 

For all these reasons, and because of the 
price, I think this book will have a very 
limited readership 1n the UK 


N R C ROBERTON 


Pediatric Neuromuscular Diseases. By 
K F Swaiman and F S Wright. (Pp. 283; 
illustrated + tables. £27-00 hardback.) 
Mosby: St Louis. 1979. 


The paediatric neurologists at the Univer- 
sity of Minnesota Medical School have 
written this useful review. In their preface 


they refer modestly to the book's ancestry 
and its relation to an earlier book of 
theirs, Neuromuscular diseases of infancy 
and childhood Their approach is a prac- 
tical one which has proved its value for 
training students and house staff. 

Two chapters deal with diagnosis and 
laboratory tests and the remaining 8 with 
clinical conditions. The discussion of 
these is generally good: in describing 
numerous disorders which show only 
minor variations from one another it is 
only too easy to produce lists of symptoms 
and signs of great sameness and soporific 
power. This has been avoided and the 
reader's interest is maintained. 

The clinical photographs and llus- 
trations of biopsies are well chosen. The 
line drawings of gross and microscopic 
anatomy are excellent and helpful to an 
understanding of the pathophysiology. 

The chapter on disorders of peripheral 
nerves and spinal nerve roots is of special 
value and includes discussions of facial 
palsy, postinjection nerve paralysis, and 
postimmunisation neuropathy; good ac- 
counts of these are not readily available 
elsewhere. 

It is inevitable that this book must be 
compared with Victor Dubowitz's Muscle 
disorders in childhood which, in terms of 
value for money and richness of clinical 
and biopsy illustration, I think is still the 
best buy in this field although it was 
published a year earlier. However, 


Swaiman and Wright have clearly 
ceeded in their aim of providing con 
useful, and current information. 


EDWARD B. 


Shorter notice 


Follow-up of the High Risk Newbon 
Practical Approach. By E J Sell. (Pp. 
illustrated + tables. $29.75 hardb: 
Thomas: Springfield. 1980. 


Follow-up of the increasing number 
low birthweight survivors has bec 
fashionable in the USA. This book i: 
result of a conference on the subject 
in Árizona in 1978. Brazelton, Ken 
Klaus, Lubchenco, and Parmelee 
among the contributors. There 
chapters headed ‘Parenting in the 
mature nursery,’ ‘Early intervention 
school programme for the pre-sc 
handicapped’, ‘The role of parent gro! 
"Legal implications of neonatal care’, 
"The influence of caregiver:infant i 
action on development'. Other topi 
such as bronchopulmonary dysplasia 
retrolental fibroplasia find a place 
details are given of certain of the c 
physical scars of intensive care. T 
involved would find this book w 
reading. 
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STATISTICS 
AI SQUARE ONE 


from the British Medical Journal 


The statistical testing of data is indispensable in many types of medical 
investigation and a help on countless occasions in clinical practice. This book 
provides step-by-step instruction. Subjects covered include standard deviation, 
x? tests, t tests, non-parametric tests, and correlation. The book includes 
sections on Fisher's exact probability test and rank correlation not published 
in the B.M.J. series. Methods specially adapted to pocket calculators. 


‘ The ability to put symbols in sequence may well be onc 
of the greatest advances in man's development . This 
excellent and attractive volume will give you an idem junto 
which category an article or projected article fits The ink 
you save may be your own It is superb value 


O'Donnell, Barry, Brush Medical Journal, 1977, 1, 451 


SII es 
AT SQUARE ONE 


D V SWINSCOW 


Fror the 





zs this gem of a practical booklet squeezes the essence 
of biostatistics into 75 well- written, well-organized pages 
Newcomers to the field will like the way obscure concepts 
arc clarified experts wii find the book valuable as 4 


teaching md’ 
de Jong, Rudolph, H, J A.M A, 1977, 237, 1874 
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ing and many more. 

This variety of symptoms makes the diagnosis 
difficult and estimates of the incidence of cow's 
milk intolerance range between 0.3% and 75% 
of infants, which means that up to 1 in 13 may be 
affected. 

But one thing is certain, the logical treatment 
requires the complete avoidance of cow' milk. In 
young infants who are not entirely breast fed, and 
in older babies and children after weaning, this 
presents a difficult problem. In the past, 
there has been no nutritionally suitable, 
economical and convenient alternative 
to milk feeds. 
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also be used in place of cow's milk for older babies 
and children. 

It is available in ready-to-feed form for 
hospitals and, for the home, in easily reconstituted 
powder form. 
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Editorial 
Et alia 


Dear Dr Green, 


Thank you for offering us your case report on ‘Acute renal failure resulting 
from liquorice ingestion’. It 1s a useful report and worthy of publication. 

We are getting a bit sensitive about the number of authors who are alleged 
to have written short case reports. I know well the sort of pressures that cause 
one to include a mass of names on a paper; I also know that one has to resist 
them as tactfully as one can. We had decided that more than five names for a 
Short Report was inappropriate unless there were exceptional circumstances. 
Perhaps you could let me know if there are exceptional circumstances. 

We are not just being awkward for the sake of it. A multiplicity of authors' 
names causes a multiplicity of work for subsequent indexers and persons who 


refer to the paper. 
Yours sincerely, 


In recent months several authors have received 
similar letters from us, and it may be helpful for other 
authors to consider the background. 

In 1970 the mean number of authors for each 
original article published in the Archives was 2:6. 
By 1979 it had risen to 3-9. Ten years ago it was 
very rare for a paper to have more than 5 authors. 
Last year it was common for us to be offered papers 
with 8 or more co-authors and we did publish a 
short case report bearing the names of 13 authors 
(the cynic could calculate that each had written 
rather less than 2 sentences). 

It would be good to imagine that the increased 
number of authors results from a blending of 
fertile scientific minds and an increasingly multi- 
disciplinary approach. It rarely does. Too often it 
seems to be a case of mentioning everyone in the 
department, anyone who has said ‘hello’ to the child, 
or performed any investigation, however routine. 


We know the important contributions made to the 
investigation and management of children by 
numerous medical and nonmedical workers, but 
believe that a scientific paper in our journal should 
bear the names of those who have done the special 
scientific and writing work for that paper, rather than 
anyone who has merely done their routine (and 
valuable) work. The acknowledgement section at 
the end allows the authórs to thank other colleagues. 

Each additional author causes extra work for the 
indexer and for anyone who uses the reference. 
A long list of names clutters up title pages and pre- 
vents all the names of the contributors appearing in 
their rightful place on the front cover. It is unfair 
to the main originators of the work, whose con- 
tribution appears diluted. We respectfully suggest 
that scientific stowaways and other hangers-on be 
jettisoned; we will continue to ask lead authors to 
justify the inclusion of more than 4 other co-authors. 
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Annotations 


Bone marrow transplantation 


Despite its hazards bone marrow transplantation 
(BMT) offers the possibility of a lifelong cure for a 
variety of, otherwise fatal, congenital and acquired 
disorders of childhood. With increasing under- 
standing of transplantation immunology, and 
increasing expertise with supportive care, BMT is 
likely to be more widely used in the next decade. 
BMT is fairly expensive but it should be borne in 
mind that transplantation aims at a once and for all 
lifetime cure, the cost of which must be balanced 
against the alternative expense of lengthy hospital 
support of a child with an ultimately fatal illness. Any 
condition arising in cells derived from totipotential 
bone marrow stem cells is theoretically susceptible to 
correction by transplantation of normal stem cells. 
The table lists current indications and future 
possibilities for BMT. 


Donor selection 


When marrow transplantation is indicated the 
patient and family are tissue typed to find a com- 
patible donor. While HLA matching is not in itself 
essential for compatibility, the À and B loci lie next 
to the all-important D locus which determines 


Table Indications for bone marrow transplantation 


Of proved value 

Immune defects 
Severe combined immune deficiency syndromes 
Wiskott-Aldnch syndrome? 
Chédiak-Higashi syndrome! 


Marrow aplastal5 


Ydiopathic, postviral, drug-induced, paroxysmal nocturnal haemo- 
globinuria 

Congenital: 
Fanconi type!4 


Acute leukaemia in remission 
Acute lymphoblastic leukacmia.? Common variety, preferably 
in second remission. Poor risk (B or T cell type), preferably in 
first remission. 
Acute myeloblastic leuknemia, preferably in first remission 


Osteopetrosur 
Not yet evaluated! 


Ataxia telangectasia 

Chronic leukaemias and juvenile myeloproliferativo syndromes 
Tbalassaemia syndromes and homozygous sickle cell disease 
Pure red cell aplasia 

Congenital granulocyte defects: myeloperoxidase deficiency. 
Congenital enzyme defects: Hurler’s syndrome, Gaucher’s 
disease, Tay-Sachs disease, metachromatic leucodystrophy 


antigens responsible for graft rejection and graft- 
versus-host disease (GVHD). With the exception of 
rare crossovers, an HLA-identical sibling is there- 
fore also D locus identical. D locus compatibility 
can be tested by mixed lymphocyte culture. It is 
occasionally possible to find a compatible parent— 
for example, after first-cousin marriages; but when 
grafting for congenital defects the consequences of 
transplanting bone marrow heterozygous for the 
patient's condition must be considered. Occasionally 
it is possible to find an HLA A, B, and D locus 
identical unrelated donor but very few grafts from 
such donors have so far been performed. 


Supportive care 


À patient with a haematological or an immunological 
defect has an increased risk of bacterial, viral, or 
fungal infection. Immunosuppression or anti- 
leukaemia treatment also induces granulocytopenia 
and thrombocytopenia, and transfusion support 
with platelets, red cells, and occasionally, granulo- 
cytes is therefore necessary. There is generally some 
form of isolation of patients to prevent the risk of 
exogenous infection. Many leukaemia units use 
cubicles supplied with filtered sterile air so that 
patients can be nursed under reverse barrier con- 
ditions. An alternative is the plastic isolator tent that 
can be used in a general ward.! Perbaps of greater 
importance is the risk of infection from the patient's 
own bacterial flora. Gut decontamination with non- 
absorbable antibiotics and antifungal agents, and 
topical applications of chlorhexidine to the skin 
and orifices reduce the chance of infection from 
resident flora during the period of neutropenia.” 
Ísolation and decontamination procedures are 
time-consuming and expensive. Unfortunately, data 
comparing these procedures are lacking. 


Transplantation technique 


With the exceptions of bone marrow transplants 
between identical twins, and patients with severe 
combined immune deficiency (who are nearly 
always unable to reject), some form of immuno- 
suppression (usually cyclophosphamide in high 
doses) is required to permit marrow engraftment. 
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In addition, patients with leukaemia require total 
body irradiation to eradicate residual disease. Bone 
marrow is aspirated from the donor under general 
anaesthetic, to obtain about 3 x 10? nucleated bone 
marrow cells per kilogram recipient weight. Donors 
tolerate the procedure well and no complications 
from marrow aspiration have been reported. The 
bone marrow in heparin is transfused via a blood 
administration set within a few hours of collection. 


Postmarrow transplantation course and problems 


Haematological reconstitution is rapid and most 
patients achieve normal blood counts within a 
month of marrow transplantation. Immunological 
reconstitution is considerably slower and takes 
between 6 and 12 months before lymphocyte 
numbers and function have returned to normal. 
GVHD remains a major problem after transplan- 
tation. Prophylactic treatment with methotrexate 
does not prevent the disease but cyclosporin A may 
be more effective.* Established GVHD is refractory 
to most treatment but responds rapidly to high 
doses of methylprednisolone. Death can occur in the 
acute stage from overwhelming damage to skin, 
gut mucosa, and liver, and later from infection and 
pneumonitis. Early infections after BMT are usually 
due to bacteria, but opportunistic viral and fungal 
infections cue to impaired cell and humoral im- 
munity can occur up to 12 months after the graft. 
The new agent acycloguanosine is proving extremely 
effective in controlling varicella-zoster and herpes 
virus infections.* 


Results 


The National Institute of Health transplant registry 
gives a survival and cure rate of about 60% in 
severe combined immune deficiency disease. Success 
depends on the availability of a compatible sibling 
donor and adequate support in the months before 
immunity is fully established. In the absence of a 
fully compatible donor success with nonmatched 
marrow or fetal liver transplants is rare, most 
infants dying from GVHD or incomplete immune 
reconstitution.® 

Children grafted for severe aplastic anaemia fare 
slightly be:ter than adults. A review of patients 
transplanted in London showed 7 out of 13 sur- 
viving transplants in children under age 16.85 A 
major problem with transplantation for marrow 
aplasia has been failure of engraftment or graft 
rejection, reaching 50% in some series. With new 
regimens using cyclophosphamide and total body 
or total lymph node irradiation this problem appears 
to be largely resolved, and improved results are 
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expected. Only 30% overall survival has been 
obtained in BMT for Fanconi’s aplasia. These 
children do not reject the graft but suffer early 
severe toxicity from cyclophosphamide treatment 
(possibly due to a generalised defect in DNA 
repair) followed frequently by fatal GVHD. Improve- 
ment in these results will depend on devising less 
toxic conditioning regimens. 

Success in Jeukaemia transplantation is largely 
related to the patient’s condition at the time of 
grafting. The first results reported in end-stage 
relapsed leukaemia showed only 10% long-term 
survivors. By transplanting earlier in the disease, 
in remission, most patients survive the graft pro- 
cedure, but leukaemic relapse may occur up to 
2 or 3 years later. Acute lymphoblastic leukaemia 
(ALL) appears to be less eradicable than acute 
myeloid leukaemia (AML), and this is reflected in 
current postgraft survivals of 50-60% for ALL, 
compared with 70-80% for AML.?-? 

There are reports of successful marrow transplants 
in a variety of rare disorders—such as Wiskott- 
Aldrich syndrome,? Chédiak-Higashi  disease,!? 
ataxia telangectasia," and osteopetrosis!? but since 
only a few patients have been transplanted reliable 
evaluation is not yet possible. 
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Artificial surfactant therapy for hyaline 


membrane disease 


The demonstration that the lungs of infants who 
died with hyaline membrane disease (HMD) had 
abnormal surface properties! prompted a number of 
attempts to treat the condition by administration of 
material with surface tension-lowering properties. 
The substance mainly used for this purpose during 
the period 1964-7 was synthetic dipalmitoyl- 
lecithin (DPL) prepared as an aerosol either in a 
mixture of propylene glycol and water or in a freon 
carrier.? * The results were uniformly disappointing 
and treatment with surfactant was soon stopped in 
favour of nonspecific supportive measures. The 
efforts exerted by neonatologists for achieving 
adequate resuscitation at birth, warmth, control 
of acid base status, and improved methods of 
assisted ventilation and blood-gas monitoring 
seem to have led to improved survival of preterm 
infants with HMD.* Prenatal administration of 
steroids to induce maturation of the biochemical 
pathways for surfactant synthesis has also provided 
a possible means of preventing HMD in suitable 
cases.? The possibility of prevention or treatment of 
HMD by instillation of artificial surfactant into the 
airways has however seemed sufficiently attractive 
to persuade several groups of workers to resume 
experimental studies in this area, particularly during 
the last 5 years. -H Fujiwara et al. have recently 
reported results after artificial surfactant treat- 
ment in a further small series of infants with HMD. 
In this issue (page 758), Morley et ai.!? in a more 
cautious approach, compare the effects of admini- 
stration of artificial with those of natural surfactant 
on the lungs of preterm rabbits. 

At this stage there are two questions which the 
neonatologist may reasonably ask. Firstly, has there 
been a significant increase in knowledge and 
technical ability during the last decade which 
justifies further consideration of a previously 
discredited mode of treatment? Secondly, if treat- 
ment with artificial surfactant were to be introduced, 
what would be the realistic prospects for reduction in 
neonatal mortality and morbidity ? 


Advances in knowledge of surfactant 


Pulmonary surfactant as isolated from mammalian 
lungs is a complex water-insoluble particulate 
material which consists principally of phospholipids, 
neutral lipids, and proteins!^ although its composi- 


tion and molecular structure are not yet fully 
known. The protein content of natural surfactant 
precludes any possibility of using the material 
for treating human infants.? Although 41% of 
surfactant may consist of DPL/5 which has powerful 
surface tension-lowering properties in vitro,!9 this 
substance in isolation does not possess all the 
physical characteristics required of a pulmonary 
surfactant. It absorbs very slowly to a surface, 
spreads slowly on a surface, and only undergoes a 
change from solid to liquid-crystalline state well 
above body temperature.!? The poor results of early 
attempts to treat infants suffering from HMD 
with this material are thus readily explicable. Recent 
studies on preparation of artificial surfactant have 
shown that these disadvantages of DPL can be 
overcome if it is mixed with phosphatidylglycerol 
in the correct proportions.1? 

An additional important advance has been the 
demonstration that the ability of natural surfactant 
to lower surface tension is greatly influenced by its 
physico-chemical state. If dispersed in water natural 
surfactant takes the form of a ‘smectic mesophase’ 
from which only a few molecules at a time can 
escape to contribute to a surface layer, whereas 
in the ‘dry’ form surfactant exists as a package of 
bimolecular sheets of phospholipids which are 
readily available to create a monomolecular surface 
layer.1? 


Effectiveness of artificial surfactant treatment 


As a logical development from these advances 
Morley et al? have compared the effectiveness of a 
dry artificial surfactant with that of concentrated 
natural surfactant in improving the lung mechanics of 
preterm rabbit fetuses maintained on mechanical 
ventilation. Both natural and artificial surfactant 
improved the compliance of the rabbit lungs, even 
if administered after a period of spontaneous 
breathing. Lung aeration remained inadequate in 
surfactant-treated animals with distension of air- 
spaces by oedema or unabsorbed fetal lung liquid. 
Bronchiolar epithelial damage, attributed to mech- 
anical ventilation, was seen in all fetuses except one. 
The experiments were of short duration and provide 
no evidence on the ability to influence survival. 
Fujiwara et al.!? have used as an artificial surfactant 
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a mixture of synthetic DPL and phosphatidyl- 
glycerol added to a Folch extract of minced beef 
Iung.i? They report the results of administering this 
material as a saline suspension via an endotracheal 
tube to 10 infants with severe HMD at ages of 4—33 
hours. There was rapid clinical improvement with 
increased Pao,, reversal of acidosis and systemic 
hypotension, and rapid initial clearing of radiological 
abnormalities in most infants. Two infants died 
(one of tracheo-oesophageal fistula and the other of 
sepsis). One of the dead infants and onesurvivor had 
bronchopulmonary dysplasia. All survivors in this 
series developed signs of patent ductus arteriosus, 
which Fujiwara et al. believe to have resulted from 
chronic pulmonary oedema with left-to-right shunts. 
A worrying feature of this work is the use, for 
treating babies, of an artificial surfactant mixture 
which apparently contains 2% of foreign protein. 
Fujiwara et al. claim to have established the safety 
of this material as a drug by extensive studies, and 
refer to its lack of toxicity when injected intra- 
peritoneally in experimental animals. 


Prospects for use of artificial surfactant in infants 


If one assumes that the technical problems of 
developing a safe form of artificial surfactant which 
can be readily applied through an endotracheal 
tube are overcome, it is necessary to decide which 
infants with HMD should be treated, at what stage 
of the illness, and how the results should be assessed. 

It must be stressed that the results of current 
management of HMD in neonatal intensive care 
units are so good that there is no place for intro- 
duction of any new mode of treatment without 
properly controlled clinical trials. If, as Morley et 
alJ* suggest, surfactant needs to be administered 
before the first breath, a very large trial would be 
needed as many of the infants subjected to such treat- 
ment would not have been likely to develop HMD. 

Very few babies now die of uncomplicated HMD. 
Any improved outlook for infants treated with 
surfactant will therefore have to be related to reduced 
morbidity and mortality from a whole range of 
associated conditions including pneumothorax, 
bronchopulmonary dysplasia, intraventricular hae- 
morrhage, and necrotising enterocolitis. 

Artificial surfactant therapy may yet prove to have 
a useful role in treatment of HMD, but this is an 
area of medicine where advance is most likely if 
paediatricians can learn to hasten slowly. 
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Blood pressure in the first 6 weeks of life 
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SUMMARY Systolic blood pressure was measured at frequent intervals during the first 6 weeks of life 
in 99 normal neonates. Blood pressure rose from a mean of 70 mmHg at age 2 days, to 93 mmHg at 
age 6 weeks in babies awake; the majority of this rise (14 mmHg) took place in the first 2 weeks of 
life. The blood pressure measured when infants were asleep was lower than in those awake, but 
increased in a similar manner. Blood pressure of infants at 2 days was not significantly affected by 
method of delivery, or by the anaesthesia or analgesia that the mothers received in labour. It was not 


related to the Apgar score at one or five minutes. 


Previous studies have shown that there is a pro- 
nounced rise in blood pressure at some time between 
the ages of 4 days and 6 weeks from 76 to 96 mmHg.* 
The blood pressure then remains reasonably constant 
until about age 6 years.? We have therefore measured 
the systolic blood pressure in a group of neonates at 
frequent intervals during the first 6 weeks of life, in 
order to determine the precise ages over which this 
increase takes place. We have also investigated the 
influence of maternal anaesthesia and analgesia in 
labour, type of delivery, and Apgar score on the 
infants’ blood pressure at 48 hours. 


Subjects and methods 


We studied 99 infants born at Farnborough Hospital, 
Kent, after 38 weeks' gestation, whose parents lived 
in the London borough of Bromley and had given 
informed consent. 

We excluded those babies whose parents did not 
have telephones, because of practical difficulties in 
arranging visits. 

We also excluded low birthweight and preterm 
infants, and those who were ill enough to require 
admission to the special care baby unit. In addition, 
we later excluded those infants who developed any 
illness requiring admission to hospital during the 
first 6 weeks of life, and those whose mothers were 
given diuretics or antihypertensive drugs in preg- 
nancy or labour. 

The blood pressures were measured by trained 
research nurses, first in the maternity wards and then 
at home; all measurements were made in the 
morning. The blood pressure was measured in the 
rght arm using the Parks Doppler ultrasound 
system, with the latex neonatal cuff which has 


previously been evaluated,?-* and a random zero 
sphygmomanometer.* Three measurements of blood 
pressure were made on each occasion and the means 
subsequently analysed. The level of consciousness of 
the baby was defined as either 'awake'—that is, 
lying quietly eyes open—or ‘asleep’—that is, lying 
quietly eyes closed at the beginning of blood pressure 
measurement.5 

Details of delivery, Apgar scores, and drugs given 
to the mother during pregnancy and delivery were 
recorded. Weight and arm circumference and details 
of any intercurrent illness were recorded at each visit. 


Results 


The systolic blood pressure rose from a mean of 
70 mmHg at age 2 days to a mean of 84 mmHg at 
2 weeks in babies awake. There was a further rise of 
9 mmHg to 93 mmHg by age 6 weeks. The majority 
of the increase—that is 14 mmHg—therefore took 
place in the first 2 weeks of life (Figure). The mean 
blood pressure of infants who were asleep when their 
blood pressure was measured was lower at all ages, 
but rose in a similar manner. 

74% of those babies aged less than one week were 
asleep at the time of blood pressure measurement. 
Therefore, when investigating the possible effects of 
delivery and maternal drugs we subtracted 4 mmHg 
from the blood pressures of those babies awake, 
since this was the mean difference between blood 
pressures in babies awake and asleep at this age.? 
Blood pressure is proportional to weight, but 
adjusting measurements for this did not materially 
affect the results. 

Blood pressure may be influenced by such factors 
as the method of delivery or drugs given to the 
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Figure Increase in systolic blood pressure between 
ages 2 days and 6 weeks in infants awake and asleep. 


Table Blood pressure at age 2 days according to the 
method of delivery 


Delivery Blood pressure (mmHg) 
Mean + SEM 
Normal (n » 56) 64 +11 
All instrumental deliveries (n = 43) 67 + 1-2 
Forceps (n = 28) 67 i+1-5 
Breech (n = 5) 67 +34 
Caesarean sections (n « 10) 68 + 2-7 


mother in labour. The Table shows that complicated 
deliveries were associated with an infant blood 
pressure 3 mmHg higher at 2 days than with normal 
deliveries, but this difference was not statistically 
significant, and was not present by the time that the 
infants were aged 4 days. The type of analgesia 
given in labour did not affect the blood pressure of 
the baby at 2 days, or later. 

Apgar score at one and five minutes was not 
related to the blood pressure at any age, in 15 
children who had scores of less than 7 at one minute, 
or in 3 children who had scores of less than 7 at five 
minutes. The 2 children who had low Apgar scores 
at ten minutes (that is were severely asphyxiated), 
had lower blood pressure at 2 days (61 mmHg and 
48 mmHg), and at 4 days (59 mmHg and 49 mmHg) 
than the babies with scores of 10 at ten minutes 
(66 mmHg at 2 days and 71 mmHg at 4 days). 


Discussion 


Previous studies have shown that blood pressure 
increases during the first 6 weeks of life. We have 
shown that the greater part of this rise occurs in the 
first 2 weeks of life, and that there is a further gradual 
increase to age 6 weeks. The blood pressure then 
remains relatively constant until about 6 years. 


The mechanism of this physiological rise in blood 
pressure in the neonatal period has not been deter- 
mined in humans. Studies in sheep? and dogs? have 
however demonstrated that cardiac output is falling 
at this time parallel with the rise in systolic pressure, 
implying a pronounced rise in peripheral resistance 
during the neonatal period. If this were the case for 
humans also, it would indicate that in addition to the 
sudden increase in peripheral vascular resistance 
which occurs at delivery with cord clamping and lung 
expansion, the total peripheral vascular resistance 
continues to rise during the first 6 weeks of life. A 
noninvasive method of measuring cardiac output is 
necessary to confirm this. 

Woodbury et al? found that general anaesthesia 
and opiates, given to mothers in labour, had no effect 
on their infant's blood pressure measured during the 
first 10 days of life, and Holland and Young!? also 
showed that opiates given in labour did not affect the 
infant's blood pressure. These findings were con- 
firmed in our study as Infants’ blood pressures were 
not affected significantly by pethidine administration 
or general anaesthesia in labour. 

We found that complicated deliveries—such as, 
forceps, breech, and caesarean section—were not 
associated with a significantly different blood 
pressure from normal deliveries (Table), whereas 
Holland and Young found that babies delivered by 
caesarean section tended to have lower blood 
pressures up to age 3 weeks.!? 

Holland and Young? also found that neonatal 
asphyxia (defined as ‘white asphyxia’), was associated 
with low blood pressure up to age 6 weeks. We found 
no correlation between low Apgar scores at one or 
five minutes, or the need to intubate at delivery, and 
blood pressure at 2 days, but 2 infants with severe 
birth asphyxia who had scores of less than 8 at ten 
minutes, both had low blood pressures at 2 and 4 
days. The blood pressure of one of these infants 
remained low until age 4 weeks. ‘White asphyxia’ 
denotes severe birth asphyxia and it is possible that 
in our study only these 2 infants were asphyxiated 
severely enough for the blood pressure to be affected. 

In conclusion, there is a very rapid rise in blood 
pressure in the first 2 weeks of life, perhaps associated 
with a pronounced rise in peripheral resistance. In 
nonasphyxiated babies, instrumental delivery is not 
associated with altered blood pressures in the 
neonatal period. 
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Artificial surfactant and natural surfactant 


Comparative study of the effects on premature rabbit lungs 
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SUMMARY Premature newborn rabbits, delivered on day 27 of gestation, were treated with tracheal 
deposition of dry artificial surfactant containing dipalmitoyl phosphatidylcholine and unsaturated 
phosphatidylglycerol (7:3), or crude natural surfactant prepared by centrifugation of lung wash from 
adult rabbits. Before receiving surfactant, the animals were allowed to breathe for 7-27 min; they 
were then subjected to artificial ventilation under standardised conditions. In comparison with 
littermate controls, both groups of surfactant-treated animals showed statistically significant 
improvement in lung-compliance 30 and 60 min after onset of ventilation. However, necrosis of 
bronchiolar epithelium and hyaline membranes was present in nearly all animals, even in those 
treated with natural surfactant; this suggests that in order to prevent epithelial lesions, surfactant 
should be given as soon as possible and preferably at birth. Our findings confirm earlier observations 
that treatment with supplementary surfactant has a beneficial effect on lung mechanics in the 
premature neonate. The fact that this effect can be obtained not only with natural surfactant but also 


with dry artificial surfactant should increase the possibility of clinical application. 


Respiratory distress syndrome (RDS) is a major 
cause of mortality and morbidity in premature 
babies.! It is characterised by failure of lung expan- 
sion at birth and the early development of atelectasis 
and hyaline membranes.’ This is due to inadequate 
or unsatisfactory surfactant phospholipids in the 
immature lungs.? At the moment the only treatment 
for this serious disease is symptomatic care with good 
nursing, and oxygen and respiratory support. 
Theoretically it should be possible to prevent RDS 
by placing surfactant substances within the lungs to 
maintain normal lung function until the babies are 
able to produce their own surfactant. This has been 
successfully demonstrated in surfactant-deficient 
premature animals by means of a surfactant washed 
from mature animal Jungs and concentrated to a 
small volume by centrifugation. The results of these 
experiments have shown considerable improvement 
in lung expansion,*~ static pressure volume 
curves,” compliance,’ oxygenation,? and sur- 
vival,® 1° with prevention of bronchiolar epithelial 
lesions and hyaline membrane formation.? 1 

It is likely that a suspension of mature natural 
surfactant instilled into the lungs of premature 


babies would have similar advantageous effects. 
Unfortunately lung wash fluid is difficult to obtain in 
large amounts and, because it contains foreign 
proteins, would be quite unsuitable for use in 
human babies. An alternative way to treat premature 
babies and prevent RDS would be with a nontoxic 
synthetic surfactant which could imitate all the 
physical properties of natural surfactant. Such an 
artificial surfactant has been developed” and this 
paper describes its effects on the lungs of ventilated 
premature rabbits and compares them with the 
effects produced by natural surfactant. 


Material and methods — 


Preparation of natural surfactant. Crude natural 
surfactant was prepared as previously described by 
centrifugation of lung wash from mature rabbits.? 
'This produces a small amount of precipitate rich in 
surface active phospholipids (8 mg/ml, about 80% 
lecithin). It is mixed with an equal volume of 
supernatant to produce a fine particulate suspension 
and stored frozen until used. 


Preparation of artificial surfactant. This was a fine 
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white powder, mean particle size 150 um, consisting 
of pure dipalmitoyllecithin and phosphatidylglycerol. 
1, 2-dipalmitoyl-sn-glycero-3-phosphocholine was 
prepared by the method of Baer and Buchnea. 
Phosphatidylglycerol with a variety of fatty acid 
chains identical with that of the parent egg lecithin 
was produced by the methods of Confurius and 
Zwaal" and Dawson. These substances were 
further purified on silicic acid columns and shown to 
be uncontaminated by other lipids or proteins. The 
lipids were dried together in a ratio of 7:3, 
thoroughly mixed with water, lyophilised, and then 
ground to a fine white dry powder which was stored 
at —20°C over silica gel, under nitrogen in gelatin 
capsules. 


Animal experiments. The experiments were carried 
out on 39 newborn rabbits from 7 litters obtained on 
day 27 of gestation (term == 31 + 1 day; day 0 = day 
of conception). Day 27 was chosen because at this 
age the animals are deficient in surfactant.!? At this 
stage they are also capable of responding to exogen- 
ous surfactant.5 8 A survey of the material is given in 
Table 1. 

The doe was killed by a rapid intravenous injection 
of 2 ml sodium pentobarbital (Mebumal vet., ACO, 
Sweden, 60 mg/ml) and 5 ml potassium chloride 
(150 mg/ml). The fetuses were immediately delivered 
by hysterotomy, placed in an incubator at 37°C, and 
stimulated to breathe by gentle manipulation and 
wiping with a damp gauze. The animals were 
weighed, placed under an infrared lamp, and 
tracheostcmised through an incision in the larynx 
without anaesthesia. A metal cannula (external 
diameter 1:2 mm, internal diameter 0-8 mm) was 
. tied in'o the trachea and then secured to the animal 
with a strip of adhesive plaster round the neck. The 
end of the cannula was joined to a 1 cm length of 
silicone tubing (internal diameter 1:2 mm). 

Alternate animals from the same litter were used 
as controls with no extra treatment, while the others 
were treated with either 50 ul of natural surfactant 
(this dose corresponds to approximately 0:3 mg of 
lecithin or twice the number of molecules required to 
form a monolayer on the interior surface of the lung?) 
or 1:8 + 0-5 mg (mean 4+ SD) of artifical surfac- 
tant powder. In some experiments both substances 


Table 1 Survey of the material 








Treatment Body weight Time between birth and 
(g;X + SD) tracheostomy (min) 
Range £Z + SD 
Artificial surfactant (n««12) 29 + 5 7—21 16 4 7 
Natural surfactant (n=10) 29 4 5 11—27 19 +6 
Controls (n»17) 30 +6 4—24 124-7 
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were tested on the same litter. The tracheostomies 
were performed at intervals of 3-4 min so that the 
later animals had been delivered and breathing for 
about 20 min before the surfactant was deposited in 
the trachea. Since the first animal of the litter was 
always used as control, the mean interval between 
birth and tracheostomy was lower in control 
animals than in those receiving surfactant (Table 1). 

The natural surfactant was instilled by injection 
from a fine polyvinyl chloride tube passed through 
the cannula into the trachea. The artificial surfactant 
powder was dropped into the cannula via a small 
funnel temporarily connected to the cannula tubing, 
while the animal's chest was squeezed so that the 
lung fluid filled the cannula and made contact with 
the powder. If no fluid appeared, about 1 drop of 
saline was added to facilitate delivery. When the 
animals gasped most of the powder was drawn into 
the trachea. However, an undetermined amount of 
powder was left in the funnel, and perhaps, in the 
upper part of the cannula (this is the reason why 
artificial surfactant was given in excess, compared 
with natural surfactant). 


Ventilation. Immediately after the tracheostomy and 
the deposition of the surfactant substances each 
animal was sealed into a separate compartment of a 
multiple-chamber, constant-pressure, whole-body 
plethysmograph heated to 37~38°C (Fig. 1). At the 
same time a fluid-filled oesophageal catheter (Argyle 
umbilical artery catheter 3:5 Ch) was passed to the 
level of the xiphisternum. The tracheal cannula was 
connected to a metal tube of equal size, fixed into the 
side of the plethysmograph. The tracheal tube fitted 
at right-angles into the side of the ventilator tubing to 
minimise the dead space («0-05 ml). Its resistance 
at a flow of 6 ml/second was 0-017 cmH,O/ml x 
second. The ventilator* was time cycled, pressure 
limited, delivering a decelerating gas flow. Each 
animal was initially ventilated for 1 min at a peak 
pressure of 35 cmH,0O, and end expiratory pressure 
of 1-2 cmH40, a rate of 60/min, an inspiration: 
expiration ratio of 1:1, and 1009/7 oxygen. The rabbit 
was then moved to one of the other plethysmograph 
compartments. Each compartment was connected in 
parallel to a similar ventilator with identical settings, 
except for a lower peak pressure of 22 cmH,;O. 
Ventilation continued for one hour in each animal. 


Recording of respiratory mechanícs. The equipment 
used for ventilation and registration of lung mech- 
anics is shown diagrammatically in Figs 1 and 2. 
Lung mechanics were measured during artificial 
ventilation at 30 and 60 min. Inspiratory pressures 


*Constructed by G Merker, medical engineer at Research 
Institute for Lung Diseases, Berlin-Buch GDR. 
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. Ventilator. 
Frequency ( 5-00mr) 
I/E Rato (19- 91) 





Fig. 2. Diagram showing our method for recording 
lung mechanics during spontaneous ventilation. 
Oesophageal pressure (Poes) is measured with a fluid- 
filled catheter, and flow (V) and tidal volume (Vr) with 
a Fleisch tube connected to the tracheal cannula. 


were recorded from the ventilatory tubing using a 
Siemens-Elema pressure transducer (EMT 34). Flow 
and volumes were measured by a specially made 
Fleisch tube connected to the plethysmograph, a 
differential pressure transducer (EMT 32 Siemens- 
Elema, Solna, Sweden) and an integrator unit (EMT 
41). With this apparatus it is possible to measure 
entirely satisfactorily volumes of 0-005 ml and flow 
rates of 0-4 ml/second up to a frequency of 8 Hz.!? 
At 30 min and 60 min the animals were disconnected 
from the ventilator and encouraged to breathe 
spontaneously. Lung mechanics were then measured 
using the pressure transducer attached to the 
oesophageal catheter and the Fleisch tube attached 
to the tracheostomy tube. All parameters were 
recorded on a Siemens-Elema Mingograf 81. From 
this record lung compliance was computed, as 
earlier described .'* 





MV; and MV x, inspiratory and expiratory 
magnetic valves 
Fig. 1 Diagram of equipment for 
standardised ventilation of newborn 
rabbits. Flow (V) and tidal volume (Vr) 
are measured with a Fleisch tube 
connected to each compartment of the 
plethysmograph. 


Histological-morphometric techniques. At the end of 
the period of ventilation the animals were killed with 
Intraperitoneal sodium pentobarbital. The complete 
thorax was dissected out and the diaphram was 
studied for evidence of pneumothorax. The whole 
thorax was then fixed in 10% neutral formalin. 
Conventional histological sections were prepared 
from the basal portions of the lungs and studied 
microscopically, with particular reference to alveolar 
air expansion, bronchiolar epithelial lesions, and 
hyaline membranes. The relative expansion of the 
alveolar compartment was determined morpho- 
metrically by point-counting and expressed as the 
alveolar expansion index. The degree of bron- 
chiolar lesions and hyaline membranes was also 
assessed morphometrically, by the protocol of 
Nilsson et al.8 The evaluation of the histological 
sections was made without knowledge of the 
experimental conditions for each animal. 


Statistical evaluation. The y? and the Wilcoxon two 
sample 2-tailed tests were used for statistical evalua- 
tion of our results. 


Results 


Table 2 gives the number of animals showing 
spontaneous respiratory efforts at the end of the 
experimental period and the incidence of pneumo- 
thorax; these figures show no difference between the 
two groups of surfactant-treated animals and 
controls. 


Compliance. Representative samples of the recordings 
used to calculate compliance are shown in Fig. 3. 
The calculated values are shown in Table 3. 
Lung-thorax compliance during artificial ventila- 
tion was generally low in control animals both 30 and 
60 min after onset of ventilation. The control animal 


that showed the highest compliance at 30 min 
developed a pneumothorax and its lung-thorax 
compliance value was considerably reduced at 60 
min. 


Table 2 Incidence of pneumothorax and numbei of 
animals breathing spontaneously 30 and 60 min after 
onset of artificial ventilation 





T) eatment No of anunals 
With pneumothorax Breathing 
spontaneously 
JO min 60 min 
Artificial surfactant (a=12) 0 10 6 
Natural surfactant (n=10) 4 8 6 
Controls (n —17) 2 17 9 





Differences between each group of surfactant-treated animals and 
controls are not statistically significant (x? test, P>0 1) 
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Fig.3 Recordings of insufflation pressure (P), volume (V), 
and flow (V ) ın control and in animals treated with dry 
artificial surfactant (DSA) and natural surfactant (NSA). 
Recordings were obtained with the equipment shown in 
Fig. 1, after I hour of artificial ventilation. Figures for 
lung-thorax compliance die based on the mean amplitude 
of the volume tracing, omitting ventilatory cycles where 
V Is augmented by spontaneous inspiratory efforts 
(arrows) Lung-thorax compliance in control 0-014, in 
DSA-treated animal 9-20 and in NSA-treated animal 
0:37 ml|cmERO per kg. 
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Table 3 Lung-thorax compliance during artificial 
ventilation 





Treatment Compliance (mljemH O per kg, mean and range) 
Tune after onset of ventilation 
30 min 60 min 

Artificial 


surfactant (n— 11) 0 28** 0 05-1 [4 (n—12) 0 27" 0 02-i 08 
Natural 

surfactant (n==9) 
Controls (n==17) 0 07 


*P y. controls <0 05, **P v, controls «0.01,***P v, controls <0 002. 


0 49*** 0 06-1 24 (n-10) O 29** 0 05-1-33 
0 01-0 32 (n=17) 007 0 01-90-25 


In most animals treated with artificia] or natural 
surfactant there was a clear increase in lung-thorax 
compliance during artificial ventilation (Fig. 3) and 
the difference v. controls was statistically significant 
for each of the two groups of surfactant-treated 
animals at both 30 and 60 min. In both these two 
groups however, some fetuses did not seem to 
respond to the treatment, as their lung-thorax 
compliance values remained in the same order as the 
controls. Three of the 4 animals that were treated 
with natural surfactant and developed a pneumo- 
thorax had clearly increased lung-thorax compliance 
at the 30-min interval. At 60 min, however, com- 
pliance figures for these 3 animals had returned to 
control levels. 

Lung-thorax compliance, expressed per kg body 
weight, was unrelated to body size—that is, the 
largest fetuses did not have the most compliant 
lungs. 

Data for lung compliance during spontaneous 
ventilation show the same pattern as the figures for 
lung-thorax compliance during artificial ventilation; 
however, there were fewer observations and a 
statistically significant improvement was found only 
for animals treated with natural surfactant, at the 
interval 30 min (Table 4). Values for tidal volume 
show no statistically significant differences between 
the groups (Table 5). 


Histological-morphometric findings. Lung aeration was 
inadequate in all groups, even in surfactant-treated 


Table 4 Lung compliance during spontaneous 
ventilation 











Treatment Compliance (mi/emH,O per kg mean and range) 
Tıme afler onset of ventilation 
30 min 60 min 
Artificial 
surfactant (n«10) 0-26 0-06-1 27 (n=6) 0 58 0 09-1-19 
Natural 
surfactant (n=8) 0-42* 0-14-1-85 (n=6) 038 0 07-1-34 
Controls (n=14) O 11 0-03-0.27  (n«9) 0-10 0-02-0 15 


LL See rene AAA 
P* v. controls <0 0t 
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animals, showing markedly increased compliance; 
and in many animals the terminal airspaces were 
distended by oedema or unresorbed fetal pulmonary 
fluid. The alveolar expansion index (which does not 
differentiate between aerated and fluid-filled air- 
spaces) showed a wide range of variation in all 


Table 5 Tidal volume during spontaneous ventilation 


a S 


Treatment Tidal volume (ml|kg ; mean and range) 


Time after onset of ventilation 








30 min 60 min 
Artificial 
surfactant (n=10) 1-65 0-96-3.07 (n=6) 1-44 0-64-3-44 
Natural 
surfactant (n=8) 1-71 0-42-4-78 (n=6) 1-95 0-54-6-55 
Controls (n=14) 1:29 0-24-2.91 (n=9) 0-80 0-18-1-30 





There are no statistically significant differences between surfactant- 
treated animals and controls. 


groups, without difference between surfactant- 
treated animals and controls (Table 6). 

Bronchiolar lesions, characterised by necrosis, 
desquamation of epithelial cells, and hyaline 
membranes, were present in every animal except one. 
The single exception was an animal treated with 
natural surfactant; it had been tracheostomised 23 
min after birth and had the highest compliance 
values in the material. In general, surfactant-treated 
animals with markedly improved compliance showed 
less than average epithelial lesions. There was no 
obvious correlation between the time interval from 
birth to tracheostomy, and the extent of bronchiolar 
epithelial lesions. Although the mean index for 
bronchiolar epithelial lesions was lower in animals 
treated with natural surfactant than in the other 
two groups, this difference was not statistically 
significant (Table 6). Fig. 4 shows the pattern of 





Fig. 4 Lung section from an animal treated with dry artificial surfactant. This field has well aerated alveoli but there is 
necrosis and desquamation of the bronchiolar epithelium (arrow). Lung compliance at 60 min = 0:20 ml/cmH20 per kg. 
Hand E, x 160. 


Table 6 Morphometric findings, including data for 
animals with pneumothorax 





Treatment Alveoiar expansion Index of bronchiolar 
index (X + SD) epithelial lestons 
( + SD) 

Artificial 

surfactant (n-12) 0-70 + 0.24 0 29 +0 19 
Natural 

surfactant (n=10) 0 65 + 0 17 020+0 14 
Controls (m=i 0 70 +0 27 0 28 + 0:15 


een rn a EE 
Differences between surfactant-treated animals and controls are not 
statistically significant. 


expansion and epithelial lesions ın one animal 
treated with dry artificial surfactant. 

Focal intra-alveolar haemorrhage was found in 
some animals in each group, again without difference 
between surfactant-treated animals and controls. 


Discussion 


Two main problems have delayed, until recently, the 
discovery of an artificial surfactant which will mimic 
the physical properties of natural surfactant. 

Firstly, the main component of natural surfactant, 
dipalmitoyllecithin, has a crystal to liquid transition 
temperature of about 41°C!® and is therefore not 
surface active at 37°C; this means that this phospho- 
lipid cannot be used alone as substitute for natural 
surfactant. However, when combined with 
phosphatidylglycerol ın the proportions used 1n the 
present study, the melting point of the phospholipid 
system is sufficiently reduced to make the artificial 
surfactant surface active at body temperature.!? 

Secondly, in previous attempts to produce an 
artificial surfactant the phospholipids have generally 
been thoroughly mixed with water or nebulised as a 
mist. This process traps the lipids into liposomes 
from which only few molecules can escape to form a 
surface active layer. This problem has now been 
overcome either by keeping the surfactant dry*! or by 
dispersing the lipids in a nonaqueous carrier.” 

An alternative technique for preparation of 
artificial surfactant was recently suggested by 
Fujiwara ef al?’ In this procedure synthetic 
dipalmitoyllecithin and phosphatidylglycerol are 
added to a Folch extract of minced lung tissue. 
Unfortunately, this ‘artificial surfactant’ contains all 
sorts of lipids and 2% protein. Fujiwara et al.34 
reported that their surfactant preparation is effective 
at improving lung-thorax compliance in premature 
rabbit fetuses, and they emphasised that it is acting as 
a water-in-oil system rather like dry surfactant. 

The artificial surfactant used in the present 


experiments has the following important proper- 
ties. P 21 
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(1) When placed on an aqueous surface at 379C, it 
spreads a monolayer very rapidly to an equilibrium 
surface pressure of 42-47 mN/m. This allows the 
powder to be placed on the surface of the bronchi, 
from where it will spread spontaneously along the 
air-liquid interface, towards the periphery of the 
lung. (2) When part of the monolayer is removed it is 
immediately replenished from particles still present 
on the surface. (3) On rapid compression by about 
50% of the surface area the surface ‘solidified’ and 
the surface pressure rose immediately to 72 mN/m. 
This was repeatable all the time particles were still 
present on the surface. (4) It is sterile and has no 
proteinaceous contamination. It therefore mimics 
the physical properties of natural surfactant and is 
most unlikely to harm living lung tissue. 

This study was the first attempt to test the effect of 
this dry surfactant in living experimental animals. 
The method used was based on the principles for 
registration of lung mechanics in small animals that 
were originally developed by Lachmann ef al.” in 
expcriments on guinea-pigs. When applied to 
premature newborn rabbits, during artificial or 
spontaneous ventilation, this technique is particularly 
useful for testing various forms of surfactant 
preparations and other therapeutic regimens that 
might facilitate neonatal lung adaption in the 
premature neonate.1? 

The setting of the ventilator 1n our experiments 
was arrived at by experience and may not be optimal. 
The pressure levels are in the same order as those 
registered in a previous experimental series in which 
animals treated with natural surfactant were venti- 
lated for one hour with a standardised tidal volume 
of 10 ml/kg. In our study all animals were ventilated 
with the same pressure, so there was a risk that 
animals with highly compliant lungs would become 
greatly overventilated and run the risk of pneumo- 
thorax. This complication obviously occurred in 
some animals, especially among those treated with 
natural surfactant. Obviously a tension pneumo- 
thorax would alter the apparent compliance of the 
lung-thorax system. However, since the duration and 
exact influence of pneumothorax could not be 
assessed, all compliance values were recorded as they 
were measured. 

Our recordings of lung-thorax compliance during 
artificial ventilation indicate that the standardised 
insufflation pressure was probably not high enough 
to expand the lungs of control animals. Our observa- 
tions further show that artificial surfactant improved 
the neonatal lung expansion in most animals but that 
this effect was less consistent and somewhat less 
prominent than that obtained with natural surfactant. 
However, in some of the animals treated with either 
type of surfactant, lung-thorax compliance improved 
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toalevelevenexceeding that of normal termrabbit neo- 
nates.*? Why the artificial surfactant failed to influence 
lung expansion in some animals is not known. It may 
have been due to ineffective delivery of the powder; 
whereas natural surfactant was easily instilled by 
injection, the dry surfactant was delivered with some 
difficulty and the precise amount of powder entering 
the lungs was not known. It is possible that the 
administration procedure was unsuccessful in some 
animals or that the powder (which is highly hygro- 
scopic and swells on contact with water) might 
occasionally have blocked the tracheal tube or the 
airways. This complication was observed in some of 
our preliminary experiments but was avoided as far 
as possible in the present study, in which only fine 
grain powder was administered and care was taken 
to flush the cannula with small amounts of saline 
when the artificial surfactant was not clearly aspirated 
with the fetal pulmonary fluid. 

An unexpected finding in the present study was 
that bronchiolar epithelial lesions developed in both 
groups of surfactant-treated animals. This finding is 
contrary to our earlier observation that the develop- 
ment of these lesions can be prevented in the 
premature animals by treatment with supplementary 
surfactant. However, in those earlier experiments 
surfactant was administered at birth, whereas in this 
study the time interval between birth and surfactant 
treatment ranged between 7 and 27 min. 

Although no clear correlation was found between 
the duration of the interval and the extent of 
epithelial lesions, our data suggest that in order to 
prevent these lesions in the premature lung, supple- 
mentary surfactant should be given as soon as 
possible and preferably at birth. Presumably 
bronchiolar lesions analogous to those observed in 
the present study can develop during spontaneous 
ventilation too. Similar lesions have been observed in 
premature newborn infants dying shortly after birth, 
even in infants who have only been gasping and in 
whom no artificial ventilation has been applied.? 4” 

In conclusion, our findings confirm that the 
compliance of the premature neonatal lung can 
indeed be improved by treatment with supplementary 
surfactant, even if surfactant is administered after a 
period of spontaneous breathing. The fact that this 
can be achieved not only with natural surfactant but 
also with a protein-free preparation of synthetic 
phospholipids should increase the possibility of 
clinical application. 


The experiments were performed 1n the laboratory of 
Dr Bengt Robertson, St Górans Sjukhus, Stockholm, 
Sweden. 
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Effects of chronic illness on intellectual development 


A comparison of normal children with those treated for childhood leukaemia 
and solid tumours 


CHRISTINE EISER 
Academic Department of Child Psychiatry, The Hospital for Sick Children, London 


SUMMARY 40 children who had been treated for acute lymphoblastic leukaemia by irradiation to the 
central nervous system and by chemotherapy were assessed, using general psychological measures. 
These children were compared with a group of normal children of similar ages and backgrounds, 
and with a group of 16 patients treated for solid tumours. The group of 16 patients with solid 
tumours was also compared with a normal control group and there were no differences between the 
scores for IQ, reading, memory, and learning. Children with leukaemia had lower scores then normal 
children for all these tasks. In young leukaemic children (those diagnosed when aged under 5 years) 
differences were significantly greater compared with controls. There were no effects of age at diagnosis 
on the scores made by children with solid tumours compared with normal children. These results 
implicate the role of central nervous system irradiation in reducing intellectual development in 


children, especially in young children, treated for leukaemia. 


Any kind of chronic illness in childhood can be 
expected to affect the child's social adjustment, and 
this in turn, may be reflected in his behaviour and 
success at school. The illness may lead to extended 
absences and will therefore interrupt the continuity 
of lessons and affect the stability of peer relation- 
ships. In some cases, differences in appearance 
between the sick and the normal child may exaggerate 
any feelings of isolation. Despite these dis- 
advantages, it has not been reported that sick 
children are measurably inferior to healthy ones in 
terms of intelligence levels or academic achievements. 
Indeed, in some cases, degrees of excellence may 
result from the very occurrence of the illness.! 
According to Burton,? children with cystic fibrosis 
who recognise their inferiority in physique and their 
inability to compete with others in athletic pursuits, 
may instead develop linguistic and communicative 
skills. In most cases however, a long illness in child- 
hood is not associated with such a positive outcome. 
Nevertheless, many workers have reported that 
intelligence levels of sick children are comparable 
with those of normal ones. This applies, for example, 
to children with cystic fibrosis? or diabetes,’ 
although the latter study concluded that children 
diagnosed before 5 years of age were of somewhat 
lower ability than their siblings. One common 


finding is that despite a normal distribution of 
intelligence among sick children, attainments fall 
short of their potential. Such findings have been 
reported for a group of haemophiliacs by Olch? and 
for a group of physically disabled high school 
students by Allen.® 

Certainly there is no reason to suppose that chronic 
illness can affect a child’s intelligence level. However, 
the nature and severity of the disease are only two of 
the influences on the child’s development. One 
possible explanation for these findings is that changes 
in adult-child interaction reduce the sick child's 
self-esteem and lower his expectations. There have 
been few attempts to describe qualitative changes in 
parent-child interaction of teaching style as a function 
of illness. and the two studies that were carried out? 
concluded that child rearing remained essentially 
unchanged despite a child's illness. However, both 
relied on parental interviews, and observations on 
parent-child, or teacher-child interaction, were not 
made. 

As with other groups of sick children, those with 
leukaemia are unquestionably at a disadvantage at 
school. The distribution of intelligence levels of such 
children is especially interesting as the medical 
treatment required to control the disease may affect 
the child's pattern of behaviour and his intellectual 
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ability. Most children with leukaemia in the UK are 
now treated according to one of the standard 
protocols described by the Medical Research 
Council. These treatments use a combination of 
chemotherapy and prophylactic central nervous 
system (CNS) irradiation. Usually a total of 2400 rad 
is given in 15 or 18 fractions to the whole brain. Such 
treatment may affect brain development, as described 
in some recent reports of identifiable structural 
changes after treatment. For example, Peylan- 
Ramu,” using computerised tomography (CT) scans, 
found that 25% of patients had some degree of 
cerebral atrophy; McIntosh et a/.!? reported that 697 
of patients suffered from necrosis of white matter and 
axonal damage; and Price and Jamieson!! suggested 
that the likelihood of this type of damage increased 
with cumulative doses of methotrexate. Despite the 
incidence of structural changes of this kind, early 
reports suggested that these did not affect intellectual 
ability.!?7!? Other workers have not always been able 
to support these early findings, and changes in 
personality and behaviour have been reported,!! 
as have other abnormal neurological signs.!* Intel- 
lectual level in such children appears to be slightly 
lower than in normal children,” particularly if the 
child is treated before he is 5-years old. 

This study was undertaken to evaluate further the 
role of chronic illness and CNS irradiation on 
intellectual development. In order to do this, 
leukaemic children were compared with a group of 
normal healthy children of similar ages and social 
backgrounds. As any differences between these 
groups might have been due to disease or treatment 
factors, a second group of children was also assessed. 
These children were chosen because they had suffered 
from an illness of comparable severity. In fact, they 
were a fairly heterogeneous group of patients with 
solid tumours but they, too, had coped with an 
illness of a similar life-threatening nature and had 
needed chemotherapy. They had undergone irradia- 
tion to some part of the body but, unlike the 
leukaemic patients, it had been to some part other 
than the CNS. Any differences between these 
groups—for instance if the patients with tumours 
were to score higher than the leukaemic patients — 
might reasonably be attributed to the use of CNS 
irradiation. 

A child's psychological vulnerability to any 
potentially adverse influence depends on many 
factors, and his level of development is probably the 
most important of these. Within the group of children 
treated for leukaemia therefore, we may well find 
differences in performance as a function of the child's 
age at the beginning of treatment. It is known how- 
ever, that hospitalisation is associated with deviant 
behavioural patterns more often in young children 
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than in older ones.* Any hypothesis that CNS 
irradiation is more damaging to the younger child 
would therefore need to show that younger patients 
with leukaemia functioned psychologically less well 
than older patients with leukaemia, and that no 
comparable age effects could be found in other 
groups of chronically sick children. 


Patients and methods 


There were two groups of patients: 40 children who 
had been treated for acute lymphoblastic leukaemia 
and 16 who had been treated for various solid 
tumours. At the time of the assessment all the 
children were well and in remission; they had been 
off treatment for between 3 months and 5 years. 

Patients with acute lymphoblastic leukaemia had 
been treated by one of the following Medical 
Research Council trials (2 children on PACS, 1 child 
on UK ALL I, 12 children on UK ALL II, 7 on 
UK ALL III, 2 on UK ALL IV, and 16 on UK ALL 
V). All but one child had received cranial irradiation 
to a total dose of 2400 rad simultaneously with 
intrathecal methotrexate. Maintenance therapy had 
continued for 2 or 3 years. These children had been 
aged between 18 and 142 months (mean 59) at 
diagnosis, and they were between 70 and 193 months 
(mean 115) at assessment. There were 19 boys and 
2] girls in the group. Among the solid tumours, 
8 had been treated for Wilms's tumours, 4 for 
neuroblastomas, 2 for sarcomas, and 2 for bone 
granulomas. These patients had been aged between 
2 and 80 months (mean 47) at diagnosis, and were 
between 77 and 123 months (mean 106) at assess- 
ment. There were 8 boys and 8 girls in this group. 
In addition, there were two groups of healthy 
children who had no history of serious illness. They 
were drawn from 10 schools in the Greater London 
area. These children were chosen to match the 
patients for the following criteria: age (+ 3 months), 
sex, social class (in terms of father's Occupation ), 
one- or two-parent family. 

All patients were assessed while making routine 
hospital check-ups. The test battery lasted approxi- 
mately an hour, and included general measures of 
intellect and achievement, and more specific measures 
of memory and learning ability. All patients were 
assessed using a shortened form of the WISC-R. The 
subtests were chosen so that they covered the 3 major 
components of ability identified by Kaufman." 
These included two tests of verbal comprehension 
(similarities and vocabulary), two of perceptual 
organisation (block design and object assembly), and 
two of freedom from distractibilit (digit span and 
i easing the Burt test. 
dartised tests ability, 
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some unstandardised tests of learning and memory 
were used. Learning ability was assessed using the 
paired-associate task described in the Wechsler 
adult memory scale.!* A list of 10 word pairs was 
read to the child, 6 were relatively easy associations 
(baby-cries), and 4 were hard (school-groceries). 
Immediately after looking at the list, the child was 
given each word and asked for its associate. Three 
trials were given. 

Visual memory was assessed in two ways. Memory 
for common objects was tested using the technique 
described by Williams.? The child was shown 9 
drawings of common objects for 10 seconds. After a 
short interval, he was asked to recall the objects 
(unaided recall). For items that were not recalled, a 
prompt was given (aided recall). Finally, pictures of 
18 objects were shown to the child and he was asked 
to identify the ones shown previously (recognition). 

Memory for abstract material was tested using a 
task from the Wechsler adult memory scale. A 
geometric design was shown the child for 10 seconds 
and then he was asked to draw the design. In this 
manner 3 designs were shown. 

Each school was asked about the child's attain- 
ments, attendance record, and behaviour. The 
Rutter Teacher Behaviour Questionnaire was used to 
determine the incidence of behavioural problems. 


Results 


The scores obtained by each child in the subtests of 
the WISC-R were converted to age-related standard- 
ised forms. The subtests were then combined to give 
the following measures: (1) verbal scale IQ consisting 
of vocabulary, similarities, and digit span subtests; 
(2) performance scale IQ consisting of block design, 
object assembly, and coding subtests; (3) full-scale 
IQ, the weighted scores derived from the verbal and 
performance scale IQs. 

Three other measures were derived for each child; 
these reflected the three main factors of ability of 
the Wechsler scale:!’ (1) verbal comprehension 
(vocabulary and similarities subtests), (2) perceptual 
organisation (block design and object assembly 
subtests), (3) freedom from distractibility (digit span 
and coding subtests). 

The child's score for the Burt reading test was 
converted to a reading age. The number of correct 
associations for the learning task was noted for each 
of the three trials separately for the easy and hard 
associations. For the visual memory task!? the 
number of objects recalled unaided, and those 
recalled with prompting and by recognition, were 
recorded. The visual memory for abstract design was 
scored according to the manual and a cumulative 
score for the three designs calculated. The Rutter 


Teacher Behaviour Questionnaire was scored in the 
usual way, higher scores indicating more behavioural 
deviance. 


Children treated for leukaemia compared with normal 
children. The mean score for each test completed 
by leukaemic children was compared with that 
completed by normal children using a series of ¢ tests 
(Table 1). Children treated for leukaemia had lower 
scores than normal children on all measures derived 
from the WISC-R and for reading ability. On the 
unstandardised measures of learning and memory, 
there was little difference between the groups in their 
ability to recall the familiar objects after a 10- 
minute period. However, the normal children 
achieved higher scores on the test of memory for 
abstract designs. On the learning task the number of 
easy and hard associations correctly learned in the 
three trials was compared for both groups of 
children. Although there were no differences in the 
number of hard associations learned (mean associa- 
tions learned by normal children — 2:27 and by 
leukaemic children — 2-14), normal children learned 
more easy associations (mean associations learned 
by normal children = 5:32 and by leukaemic 
children = 4:79, t = 2-29, P <0-03). 


Children treated for solid tumours compared with 
normal children. Mean scores on all tests for both 
groups of children were compared using a series of 
t tests (Table 2). On one subtest of the WISC-R— 
object assembly—normal children scored higher than 
patients with solid tumours. There was no other 
difference between the groups. 


Effects of age at diagnosis. 


Leukaemic children 
It was predicted that in children treated for leukaemia, 
those who had been diagnosed and given irradiation 


Table 1 Mean scores obtained by normal children and 


those with leukaemia 
tht Pies oa dtc ———— 











Test Children 
With Normal t test 
leukaemia 
IQ 
Full scale 93.83 105-75 4.27** 
Verbal scale 95.88 106-78 3.83** 
Performance scale 92.83 103-13 3+13* 
Kaufman factors 
Verbal comprehension 18-65 21-50 2-61* 
Perceptual organisation 17-53 21-45 Ce Fla 
Freedom from distractibility 17-63 22-00 5.12** 
Reading age 102-15 118-76 4.84** 
Rutter score (n —24) 3.33 1-33 2-91* 


**P —0-001, *P<0-01. 
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Table 2 Mean scores obtained by normal children and 
those with solid tumours 








Test Children 
With Noi mal t test 
solid tumours 
IQ 
Full scale 101 37 106 50 —1 07 
Verbal scale 105 25 106 25 —0 19 
Performance scale 96.75 105 38 —1 37 
Kaufman factors 
Verbal comprehension 21 06 20 75 —1 49 
Perceptual orzanisation 19 63 22 25 16 
Freedom from distractibility 20 82 22 44 —1:50 
Reading age 
Rutter score [n= 10) 3 30 2 80 0 35 


when very young would be particularly at risk. To 
look at this, a difference score was calculated for 
each child between his own scores and those of his 
matched control. These difference scores were 
calculated on the basis of those made by the control, 
minus those made by the leukaemic child; thus a 
more positive score represented a greater deficit 1n 
relation to the normal. These scores were then 
correlated with the patient's age at diagnosis. If 
younger children were more at risk we would expect 
a significant negative correlation, and this was so 
(Table 3). As an alternative way of looking at these 
data, the group was divided into two, depending on 
whether they had been diagnosed before or after 
5 years of age. As shown (Table 4), the younger group 
performed significantly less well than their controls 
but this was not so for the older group. 


Children with solid tumours 

The above correlations were repeated on the scores 
obtained by children treated for solid tumours and 
compared with normal controls. In no case did the 
correlation with age at diagnosis reach significance, 
either for the group as a whole, or for either gender 
considered separately. 


Table 3 Effects of age at diagnosis: correlations with 
scores foi children treated for leukaemia and solid 
fumoui s 


Children 


With leukaemia Waith solid tumours 


IQ 
Full scale —0 43** 0-05 
Verbal scale —0 27 0 {4 
Performance scale —0 42** — 0.04 
Xaufman faciors 
Verbal comprehension —0 26 0 14 
Perceptual organisation —0.38* —0 06 
Freedom from distractibility | —0 10 0 06 





**P <0 006, *P «0-01. 


Table 4 IQ scores of leukaemic and normal children 
depending on the age of diagnosis of the leukaemic child 





IQ Leukaemic Controls P Leukaemic Controls 
children children 
diagnosed diagnosed 
<3 years > years 
Full scale 95 til 4 45* 92 98 
Verbal scale 99 112 3 9* 92 100 
Performance scale 92 108 3.6* 93 96 
*P<0 05. 
The child in school. 
Leukaemic children 


School reports were obtained for 24 pairs of the 40 
children treated for leukaemia and their controls, and 
for 12 of the 16 pairs of children treated for solid 
tumours. Teachers were first asked to complete the 
Rutter Teacher Behaviour Questionnaire to assess 
the incidence of behavioural disturbance. The mean 
score obtained by the leukaemic children was higher 
than for normal children. Although this result 
suggests that the leukaemic children had a higher 
incidence of behavioural disorder than normal 
children, the scores of both groups were very low 
compared with those reported previously.2" This 
discrepancy may partly be accounted for by the 
higher age of the children in the study. 

Teachers were also asked to rate the attendance of 
children according to one of 5 categories-—very poor, 
poor, good, very good, or excellent. The attendance 
of most children was rated as good, very good, or 
excellent. None of the normal children was rated as 
having poor attendance, but 3 of 29 leukaemic 
children were so described. 11 of the leukaemic 
children had received, or were still receiving, remedial 
help compared with only 1 normal child. 


Children with solid tumours 

There were no differences in Rutter scores obtained 
by children in the two groups. One of the 12 children 
treated for a solid tumour still had a poor attendance 
record, but all other children were described as 
having good or excellent attendance records. Three 
had had remedial help at school. 


Discussion 


Previous work suggests that children suffering from 
chronic illness compare ın intellectual ability with 
normal children, and our results for those treated for 
solid tumours are consistent with these findings. 
Despite the many factors that could limit or retard 
the intellectual growth of a child treated for a life- 
threatening cancer, these data suggest that their 
abilities are unaffected. 
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For leukaemic children however, there is a 
systematic bias in favour of normal peers across the 
range of skills measured in this study This might be 
interpreted as indicative of some specific aspects of 
the illness or its treatment over and above the general 
handicapping influences of sickness during child- 
hood. As the majority of these children had been 
treated by CNS irradiation of a similar dosage and 
with methotrexate, it is difficult to disentangle the 
mechanisms. Provided that the total dosage of 
irradiation is below the normally accepted tolerance 
level for the brain, it seems likely that it is the 
combined effect of CNS irradiation and chemo- 
therapy that is responsible. This interpretation is 
consistent with previous findings.H 

An alternative explanation may be that the 
accepted safe levels of irradiation are applicable to 
fully mature individuals, and are too high for young 
children. The finding of increased vulnerability 
among younger patients supports this hypothesis, 
and is also consistent with the work of Dobbing.?! 

Earlier studies suggested that after CNS irradia- 
tion, children are likely to show specific learning 
difficulties. Eiser and Lansdown, for example, 
noted that patients diagnosed before 5 years of age 
had greater difficulty with counting, memorising, and 
motor tasks, but that language skills were normal. 
Soni et al. found no real evidence of specific 
learning problems, but suggested that irradiation 
might damage the child’s general learning capacity. 
The results of our study suggest that all aspects of the 
leukaemic child’s learning skills and attainments, 
including language and reading, are below those of 
normal children. Leukaemic children had lower 
scores On all measures of IQ, as well as for memory of 
abstract designs and in the brief learning test. The 
results are consistent with previous work if it is 
assumed that in time the reduction in learning 
capacity noted by Soni et al. becomes noticeable 
across a range of skills. The length of time this group 
of children had been off treatment was much longer 
than for the group studied by Eiser and Lansdown." 
Further work is needed to clarify the relationship 
between the child’s psychological recovery and the 
duration of the illness. These data must however, be 
considered in relation to the accumulating reports 
which attest to residual neurological, behavioural, 
and intellectual growth, and hormonal problems in 
children treated for leukaemia. 


The author is grateful to Dr J Chessells, Dr J 
Pritchard, and Professor P J Graham for their 
help. 
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Misleading plasma electrolytes in diabetic children 


with severe hyperlipidaemia 


BRIAN M FRIER, CHRISTOPHER R STEER, JOYCE D BAIRD, AND SUSAN BLOOMFIELD 
Metabolic Unit, University Department of Medicine, and Medical Paediatric Unit, Western General Hospital, 


and Royal Hospital for Sick Children, Edinburgh 


SUMMARY Severe abnormalities of plasma electrolyte concentrations were observed in 4 children 
who had massive hyperlipidaemia secondary to poorly-controlled, insulin-dependent diabetes 
mellitus. These electrolyte values were fallacious and invoked problems of clinical management, 
particularly with regard to fluid replacement. Each case is described and the interpretation of plasma 


electrolyte values in hyperlipidaemia is discussed. 


Moderately raised serum lipids and lipoproteins often 
are found in adults with diabetes mellitus!~* and in 
diabetic children* 5 both before and after treatment. 
Severe hyperlipidaemia in association with diabetes 
is however much less common.’ We describe 4 
children with insulin-dependent diabetes who 
developed massive hyperlipidaemia assoctated with a 
variable degree of metabolic decompensation. In all 
4 patients the plasma electrolyte values were 
fallaciously low. 


Case reports 


Case 1. An 11-year-old girl was admitted acutely ill, 
with a 3-month history of progressive weight loss, 
increased appetite, polydipsia, and polyuria. On 
examination she was pale, thin, clinically dehydrated, 
and had florid lipaemia retinalis. Her urine contained 
sugar, ketones, and protein. Blood glucose was 
moderately raised at 17-1 mmol/l (308 mg/100 ml) 
and plasma electrolytes were abnormal with plasma 
sodium of 98 mmol/l (Table 1), arteria] blood 
hydrogen ton concentration [H*] 74 nmol/l (pH 


Table 1 Initial blood biochemical estimations 


7:13), and bicarbonate <6-0 mmol/l. Her blood was 
lipaemic on inspection and severe hyperlipidaemia 
was confirmed biochemically (Table 1). 

Shortly after admission she became drowsy with 
Kussmaul’s respirations, and then she vomited. 
Intravenous fluids were started: 0:45% saline with 
potassium supplements, alternating with 5% 
dextrose. Soluble insulin was administered by 
continuous intravenous infusion at a rate of 3 units 
hourly, which was increased to 10 units hourly over 
8 hours. Blood glucose remained unchanged during 
the first 12 hours of treatment, but the plasma 
electrolytes improved with the serum osmolality 
falling to 289 mmol/kg, and the carbon dioxide 
(CO) content rising to 15:0 mmol/l. The next day 
intravenous soluble insulin was replaced by mono- 
component insulin, 6 units hourly by intramuscular 
injection, and 10 g carbohydrate drinks were given 
every 2 hours. After 48 hours blood glucose had 
returned to normal with normal arterial [H *] but the 
plasma CO, content was still apparently low (13:5 
mmol/l). On day 5 a diet was started, which con- 
tained 170 g carbohydrate and 30 g fat (1700 calories). 


Case Blood Sodum Potassum Chloride CO, Hydrogen Urea Osmola- Trigly- Cholest- Phospho- Hapo- 
glucose Gumoljf) | (mmolj) (mmellD — content in concen- (mmol/l lity cerides erol lipids protein 
(mmol) (mmol[T) | tration (mmol/kg) (mmoljD | (mmoljl) | (mmol|D)  type* 

(nmol/f 

i 17-1 98 3.5 87 75 74 15 327 172 9 26-9 10-7 Y 

2 70 125 29 95 i9 0 — 35 298 55 4 22 8 14-2 V 

3 37 0 118 48 83 150 50 52 318 112 5 20 6 — — 

4 37 2 86 27 63 7.8 96 3-3 415 223 7 41:4 — — 





Conversion: $1 to traditional units—blood glucose: 1 mmol/iw18mg/100 mi, urea: 1 mmol/1«6 0 mg/100 ml, triglycerides: 1 mmol/19588 5 
mg/100 ml, cholesterol: 1 mmol/l 38-6 mg/100 ml, phospholipids: 1 mmol/15e77. 5 mg/100 ml. 3 


*Beaumont ef al, 15 
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An increase in dietary fat to 50 g daily induced a 
transient return of fasting chylomicronaemia (Fig. 1). 
The diabetes was stabilised on a diet providing 2000 
calories (240 g carbohydrate, 70 g fat, and 100 g 
protein) with twice-daily monocomponent insulin. 
Plasma lipids declined steadily during treatment 
(Fig. 1) and were completely normal 3 weeks later. 


Case 2. À 17-year-old girl with insulin-dependent 
diabetes for 5 years had persistent glycosuria and 
ketonuria for 2 weeks. Although continuing to take 
20 units soluble insulin twice daily, she had neglected 
her treatment for 6 months and had lost 6 kg in 
weight by restricting her carbohydrate intake. On 
examination she was a moderately obese girl who 
did not appear acutely ul. There were no clinical 
signs of hyperlipidaemia. Blood glucose was 7-0 
mmol/l (126 mg/100 ml), the plasma CO, content 
was moderately reduced at 19-0 mmol/l, but the 
plasma electrolytes were abnormal with plasma 
sodium concentration of 125 mmol/l (Table 1). Her 
blood was grossly lipaemic on inspection and the 
serum lipids were greatly raised with fasting 
chylomicronaemia. She was treated with intra- 
muscular soluble insulin 4 to 6 units hourly and 
drinks providing 10 to 20 g carbohydrate. This 
regimen was modified to provide less frequent 
insulin and oral carbohydrate, but was continued 
for 7 days. Ketonuria disappeared after 24 hours and 
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Fig. 1 (Case 1.) Serum lipid concentrations during 
treatment of diabetes. Introduction of dietary fat 
(g/day) is shown. 


the serum lipids continued to fall despite the re 
introduction of dietary fat, although this produce 
fasting chylomicronaemia (Fig. 2). The diet con 
tained 140 g carbohydrate, 50 g fat, and 63 g proteir 
(1200 calories). Monocomponent insulin was begur 
twice daily. Post-heparin lipoprotein lipase activity' 
measured at that time was normal, and 5 weeks afte: 
admission her fasting serum lipids were normal. 


Case 3. A 9-year-old boy presented with polyuria 
polydipsia, nocturnal enuresis, and weight loss of 7 
weeks' duration. He was moderately dehydrated anc 
had lipaemia retinalis. His blood was visibly lipaemk 
and he had glycosuria and ketonuria. Blood glucos: 
was 37:0 mmol/l (665 mg/100 ml) and serun 
osmolality 318 mmol/kg. Plasma electrolytes wer: 
abnormal (plasma sodium 118 mmol/l) and serum 
lipids were raised (Table 1). Arterial [H*] was St 
nmol/l (pH 7:32), and bicarbonate 18-0 mmol/ 
with a base deficit of 8-0 mmol/l. He was treatec 
with soluble insulin by intravenous infusion (* 
units/h) and 0-9 & saline: 200 ml an hour for 5 hours 
then 100 ml hourly with potassium supplements 
Small amounts of oral fluids were tolerated fron 
admission. Blood glucose fell to 16:0 mmol/l (28! 
mg/100 ml) in 18 hours. At that time serum bi 
carbonate was 20:2 mmol/l, serum osmolality 29% 
mmol/kg, and ketonuria had disappeared. A ligh 
diet without fat restriction was started on day 2 
Carbohydrate exchanges (10 g) were distributec 
throughout the day, giving a total of 200 g carbo 
hydrate in 24 hours. Blood glucose was controlle 
with 6-hourly doses of subcutaneous soluble insulin 
which was changed to a morning dose of isophan 
and soluble insulin on day 3. Lipaemia retinali 
disappeared within 48 hours, but his plasm: 
remained lipaemic for 5 days. After 11 days th 
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Table 2 (Case 4.) Serial plasma values 
Hours after Sodium Potassium Chloride Glucose Total CO, Osmolality 
admission (mmol/l) (mmol/l) (nmoljl) (mmol/l) (mmol/l) (mmol/kg) 
0 Apparent 86 2.7 63 tA -— 415 
2 371 
7 Apparent 116 2-1 88 6.8 11 
Corrected* 222 3.4 141 10-9 18 461+ 
12 Apparent 113 2-7 92 6.8 -— 
Corrected 224 4.8 165 12-2 — 468T 
21 Apparent 122 3.2 84 24.8 12 
Corrected 170 4.4 LIS 34.7 I7 380F 
25 Postexchange 
(nonlipaemic serum) 174 3-4 121 9.1 13 383 


*Corrected values obtained by lipid extraction with carbon tetrachloride and measuring plasma electrolyte concentrations in aqueous phase; 
other values calculated by correction using the factor obtained from: potassium in lipid-free extract/potassium in untreated serum. 


TCalculated from the corrected plasma electrolyte values. 


fasting serum cholesterol had fallen to 7:5 mmol/l 
(290 mg/100 ml) and serum triglycerides to 3-8 
mmol/l (336 mg/100 ml), and by day 18 serum lipids 
were normal. 


Case 4. A 6-year-old boy with insulin-dependent 
diabetes for 9 months had intermittent abdominal 
pain and vomiting for 2 weeks, culminating in 
progressive drowsiness and coma. On admission he 
was unconscious and dehydrated, with generalised 
hypotonia and lipaemia retinalis. His blood appeared 
strikingly lipaemic on inspection. The initial bio- 
chemical results are shown in Table 1: plasma 
sodium concentration was 86 mmol/l. The serum 
amylase was normal. The significance of the ab- 
normal electrolyte results in relation to the hyper- 
lipidaemia was not recognised, and when the 
electrolyte results were reported 2 hours after 
admission, the intravenous fluid regimen was 
changed from 0:45 % saline and sodium bicarbonate, 
to 0:9% saline. Soluble insulin (1 unit/kg) was 
given hourly both by intravenous and intramuscular 
routes. 

His conscious level remained unchanged, and 5 
hours after admission he developed a right-sided 
hemiplegia. This did not respond to an intravenous 
infusion of dextran 40. Tonic convulsions took place 
I! hours after admission and papilloedema was 
observed. There was little response to treatment with 
dexamethasone and 20°% mannitol, and the plasma 
electrolytes were still abnormal (Table 2), although 
blood glucose had fallen to 7-1 mmol/l (128 mg/ 
100 ml). There was a pronounced discrepancy 
between the apparent plasma electrolyte values and 
the osmolality. His clinical condition did not 
improve, so an exchange transfusion with heparinised 
blood was performed 21 hours after admission, over 
a period of 3 hours. This reduced blood viscosity and 
the degree of lipaemia, but serum lipids were not 
re-estimated. The lipaemia retinalis was much less 
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pronounced. Subsequent electrolyte estimations 
(Table 2) were now consistent with the serum 
osmolality of 383 mmol/kg. The patient became 
decerebrate and died 33 hours after admission. 

At necropsy the brain was swollen and necrotic, 
with extensive subarachnoid deposits of lipid and 
blood. The cerebral cortex had been disrupted by 2 
large subarachnoid haematomata (Fig. 3). Many 
intracerebral vessels were occluded by a coagulum 
of blood and lipid, and were surrounded by a ring of 
interstitial haemorrhage. Histologically these vessels 
contained laminated red thrombus and lipid, and the 
neurones of the cerebral cortex showed acute 
ischaemic changes. Large amounts of lipid were 
present in the parenchymal cells of the liver, and the 
spleen contained numerous fat-laden macrophages. 


Discussion 


Severe hyperlipidaemia is a rare complication of 
poorly-controlled diabetes’ *71? but early recognition 
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is essential so that the standard treatment for 
diabetic ketoacidosis can be modified. Failure to 
appreciate the significance of the lipid abnormality 
can lead to  misinterpretation of biochemical 
results and to the administration of inappropriate 
treatment. The presence of hyperlipidaemia of this 
magnitude should be recognised by the abnormal 
appearance of the blood at venepuncture and can be 
confirmed when the plasma is separated. Lipaemia 
retinalis, observed in 3 of our 4 patients, was the only 
relevant physical sign, and routine examination of 
the fundi should therefore be obligatory in all 
patients presenting with diabetic ketoacidosis. 

The major problem in the immediate management 
of uncontrolled diabetes with severe hyperlipidaemia 
is the accurate measurement of plasma electrolyte 
concentrations with an inevitable delay before serum 
lipids can be estimated. Plasma electrolyte values, 
including bicarbonate, are spuriously low in the 
presence of hyperlipidaemia due to displacement of 
plasma water by lipid.?'! 7? Failure to recognise 
that the apparently severe hyponatraemia is an 
artefact may result in the administration of an 
excessive quantity of intravenous sodium chloride 
with the subsequent development of confusion and 
convulsions.? Because of the delay in obtaining 
accurate electrolyte or lipid measurements in such 
cases, extreme caution must be exercised in replacing 
the extracellular fluid deficit with saline to reduce the 
risk of overloading with sodium. A recent report! ! 
showed that even hypotonic saline in states of 
diabetic decompensation may exacerbate hyper- 
natraemia. In Case 4, the extent of hypernatraemia 
was not evident until a significant amount of 
circulating lipid was removed by exchange trans- 
fusion. 

A method for calculating the true electrolyte 
concentrations, based on the serum triglyceride 
concentration has been described. Alternatively, 
the lipids can be extracted from a plasma aliquot 
with carbon tetrachloride before measuring the 
electrolyte concentration in the aqueous phase 
(Table 2). Plasma osmolality is a useful guide to 
treatment, as it is unaffected by the presence of 
excess lipid? and may demonstrate a discrepancy 
between plasma osmolality and electrolyte con- 
centrations. 

The severity of the acidosis does not correlate with 
the degree of hyperlipidaemia and may be relatively 
mild with only a moderate increase in blood glucose 
(Cases 1 and 2). Arterial hydrogen ion concentration 
(pH) could be used in such cases to assess the degree 
of metabolic acidosis, since the estimated plasma 
bicarbonate or CO, concentration is also misleading. 
Potassium replacement has to be empirical because 
of the difficulty of monitoring plasma potassium 


levels. In children, concurrent renal dises ; 
unlikely and the risk of producing hyperkalaemia .. 
small if the urinary output is satisfactory. 

In such cases the insulin requirement may be much 
greater than 2 to 6 units hourly although this is 
generally adequate to treat diabetic ketoacidosis. The 
delayed biochemical improvement in Case 1 was 
caused by an inadequate amount of insulin being 
given for several hours after treatment was initiated. 
A fat-free diet eliminated any contribution of 
exogenous fat to the hyperlipidaemia; the reintro- 
duction of fat to the diet of 2 patients (Cases | and 2) 
produced a return of fasting chylomicronaemia, and 
probably delayed the resolution of the hyper- 
lipidaemia in Case 3. 

The hyperlipidaemia was classified as type V? in 
the patients in whom lipoprotein electrophoresis was 
studied. None of these 4 patients had a family 
history of lipid disorder, and the fasting serum lipids 
were normal in all of the first-degree relatives of 
Cases 1, 2, and 4 (the relatives of Case 3 were not 
examined). This suggests that the hyperlipidaemia 
was secondary to the metabolic disturbance 
associated with the diabetes. Hyperlipidaemia of this 
magnitude seems to develop over a period of several 
weeks, or perhaps longer. Lipoprotein lipase activity 
is subnormal in association with insulin deficiency,’ 
and results in a decreased removal of circulatory 
lipid from the serum, but the mechanism by 
which this massive hyperlipidaemia is produced is 
not clear. 

The degree of hyperlipidaemia was particularly 
severe in the child who died (Case 4). Severe hyper- 
lipidaemia may predispose to increased platelet 
aggregation and blood hyperviscosity with thrombus 
formation, -!$ and these factors were probably 
responsible for the extensive intracerebral thrombosis 
found at necropsy. Theoretically, it might be 
supposed that heparin could be used to stimulate 
lipoprotein lipase activity, and help to prevent the 
consequences of the associated hypercoagulation 
state. However, by the time this degree of hyper- 
lipidaemia has developed, the lipoprotein lipase 
enzyme system has probably been exhausted, and it 
is doubtful if administration of heparin would be of 
benefit. 

Although this complication of uncontrolled 
diabetes is uncommon, inadequate or incorrect 
treatment can have serious consequences. It is 
important therefore that the fallacious plasma 
electrolyte values are not misinterpreted in massive 
diabetic hyperlipidaemia. 


We thank Professor J W Farquhar and Dr A J Keay 
for permission to publish details of their patients, 
Professor Farquhar for advice, the laboratory staff 
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Neutrophil function in infection-prone children 


LENA HAKANSSON, TONY FOUCARD, ROGER HALLGREN, AND PER VENGE 
Department of Clinical Chemistry, Department of Paediatrics, and Department of Internal Medicine, 
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SUMMARY Seven variables connected with the function of the neutrophil granulocyte were studied 
in 24 children who had undue susceptibilities to infections. The phagocytosis rate of IgG-coated 
latex particles by the patients’ neutrophils was significantly reduced compared with an age-matched 
control group. The chemokinetic effect of patients’ sera on normal polymorphonuclear neutrophil 
leucocytes was reduced too, especially in heated (56°C, 30 min) serum. Spontaneous chemotactic 
activity in the patients’ sera was significantly lower than in sera from healthy adults and from the 
age-matched control group. A functional index based on the 7 variables of neutrophil function was 
constructed. The score of the functional index was correlated to the severity of the patients’ clinical 
condition and discriminated well between normal children and those with undue susceptibility to 


infections. 


Defence against bacterial infections mainly depends 
on the proper functioning of the neutrophil granulo- 
cyte. There are many reports that deal with defects of 
this function in adults.!^* With the exception of the 
X-linked chronic granulomatous disease of child- 
hood? most reports on children have been limited to 
descriptions of single severely ill patients.97? How- 
ever, frequent, but less severe, episodes of bacterial 
and viral infections are common in some children 
and an investigation of the neutrophil function in 
such children is therefore of interest. There have been 
two studies on this topic. In one, Hill er a/.1? found a 
defective neutrophil chemotactic response in children 
with recurrent episodes of otitis media but only in 
those who also had chronic diarrhoez. The chemo- 
tactic activity improved when the patients became 
symptom-free, suggesting that the defect was 
secondary to the infection. In the other study 
Farhoudi et al.” classified the defect into primary or 
secondary by studying the cell function of the 
parents of children with defective neutrophil mobility. 

We have studied some aspects of the neutrophil 
function in a selected group of children with higher 
than normal incidence of infections. The purpose 
was to evaluate the clinical applicability of certain 
tests and to investigate whether the patients' clinical 
symptoms were correlated to one serious defect or to 
a combination of certain defects. We also tried to 
gather information about the underlying mechanisms 
for the undue susceptibility to bacterial infections 
in order to find the correct treatment. / 
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Patients 


Each of the 24 patients was chosen because he had an 
undue susceptibility to infections—that is, at least 6 
bacterial infections during the previous year 
(Table 1). Most children, especially the younger ones 
(1—5 years), suffered from frequent upper respiratory 
infections with otitis. The total number of diagnosed 
infections with otitis varied between 8 and about 20. 
Many older children (6-13 years) had suffered from 
frequent middle ear infections earlier but their 
current problems were generally pharyngotonsillitis 
with fever every month, or every other month, and 
recurrent skin pustles. All children were investigated 
during a noninfectious period. The number of white 
cells was normal in all children. À slight hypogam- 
maglobulinaemia (below the — 2 SD limit for age) 
was found in one child (Case 18). This girl had been 
treated with monthly gammaglobulin injections for 
6 months and during this time she had been free 
from any infection. Four children (Cases 3, 15, 23, 
24) had an IgE value above the + 2 SD limit for age. 
In all children serum concentrations of IgA and IgM 
were normal. Serum complement concentrations 
(C3 and C4) were found to be normal or slightly 
raised in all children. 

The control group comprised 8 children with 
allergy to birch-pollen (blood-sampling was done 
during a symptom-free period) and 12 children who 
were admitted to the hospital for operations of non- 
infectious diseases—such as abdominal hernia. The 
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Table 1 Lust of patients 





Case Age Sex Mayor cluucal symptoms Functional 
rs) index 
score 
l 9 M Recurrent tonstllitis —4 
2 13 M Recurrent tonsilitis —4 
3 8 F Chronic parotitis, otosalpingitis, 
recurrent bacteriuria —4 
4 2 M Recurrent otitis media —4 
5 5 M Chronic respiratory infections, low 
IgA and IgM, mentally disturbed —3 
6 2 F Recurrent otitis media —3 
7 1 M. = Recurrent episodes of skin pustles, 
eosinophilia —3 
8 10 M Recurrent episodes of respiratory 
infection with bronchitis —2 
9 3 M Recurrent episodes of respiratory 
infection with bronchitis —2 
10 2 M Recurrent otitis media, low IgM —2 
il 3 F Recurrent otitis media —2 
12 ll M Recurrent episodes of skin pustles —1 
13 5 M Recurrent otitis media —1 
14 5 M Recurrent otitis media —1 
15 3 M Recurrent otitis media —1 
16 1 M = Recurrent otitis media —i 
17 ] M Recurrent otitis media —1 
18 3 F Recurrent otitis media, 
hypogammaglobulıneamua —Í 
19 I M Relapsing haemophilus meningitis —i 
20 I M Recurrent otitis media —i 
2l 9 M Recurrent episodes of skin pustles 0 
22 6 M Recurrent sinusitis 0 
23 2 F Recurrent otitis media 0 
24 1 M Recurrent otitis media — 





M-male F-female. 


mean age of children in the control group was 9 years 
(range 1 to 16). There were also 30 apparently 
healthy blood donors who acted as adult controls. 


Methods 


The white cell function tests were performed on 
heparinised blood within 2 hours after the sampling. 
From another blood specimen serum was separated 
after clotting and frozen at —709C until analysed. 
IgG, IgA, C3, and C4 in serum were assayed by 
means of an immunological nephelometric method,” 
IgM was assayed by the method of Mancini er al." 
and IgE by the Phadebas Prist method (Pharmacia, 
Uppsala, Sweden). 

Phagocytosis of IgG-coated latex particles was 
measured kinetically by means of a Thrombocounter 
as described in Getail.!14 Briefly, 2 x 108 isolated and 
washed polymcrphonuclear neutrophil leucocytes 
(PMN) (purity about 9092) were mixed with 20 x 108 
IgG-opsonised latex particles (volume 4:06 x 10-715]) 
in a final volume of 1 ml in a siliconised glass tube. 
Incubation was made at 37°C during constant 
magnetic stirring (1600 rev/min). Aliquots of 100 pl 
were taken out from the mixture every minute for 6 
minutes and latex particles not cell-associated 
counted in the Thrombocounter. The initial rate of 
disappearance cf the latex particles was used as a 
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measure of the initial rate of phagocytosis and 
expressed in minutes. When the effect of serum on 
phagocytosis was evaluated IgG-coated latex 
particles were incubated for 10 minutes in 20% 
serum at -+-37°C before mixing with normal PMN. 
The phagocytosis rate in these experiments was 
expressed as a percentage of the 100% control—that 
is phagocytosis in the presence of a freshly frozen 
(—70°C) pooled normal serum. 


Migration. Migration of PMN was measured by the 
‘leading-front’ method!^ using a modified Boyden 
chamber. The micropore filter (Millipore, SA 
France) had a pore size of 3 um and was about 
150 um thick. Isolation of the PMN was made by 
dextran sedimentation followed by hypotonic lysis 
of the erythrocytes. The PMN were washed twice in 
0-15 mol/l sodium chloride and finally suspended in 
Gey’s solution to the working concentration of 
1-5 x 10° PMN/I. Casein 1 g/l or fresh serum, in 
each case diluted in Gey’s solution, was used as an 
attractant. Incubation time was 75 minutes at 37°C. 
The filters were fixed with 95% ethanol and stained 
with Mayers Haemalun lósung (Merck, Darmstadt, 
West Germany). The chemotactic activity of a 
patient’s serum was expressed as a percentage of the 
activity of a freshly frozen (—709C) pooled serum. 

The effect of serum on PMN migration was 
evaluated after preincubation for 10 minutes at room 
temperature of normal PMN with 10% fresh or 
heat-inactivated (56°C, 30 min) serum. The serum 
was present throughout the incubation in the 
chemotaxis chamber. The results were expressed as a 
percentage of the migration of the same cells after 
preincubation with 10% heat-inactivated (56°C, 
30 min) normal pooled serum. Reconstitution of 
patient’s serum with normal serum was made by 
mixing 9 parts of patient’s serum with 1 part of 
normal pooled serum. The mixture was allowed to 
incubate for 30 minutes at +4°C before it was 
diluted to 10% serum concentration and used in the 
experiments as described above. For practical 
purposes we have in this report used the following 
definitions for random migration, chemotaxis, and 
chemokinesis. Random migration was defined as the 
migration of PMN with Gey’s solution below the 
filter. Chemotaxis was defined as the migration of 
PMN with casein or serum below the filter. 
Chemokinesis was defined as the alteration in the 
speed of migrating PMN, achieved in this case by the 
preincubation of PMN with serum and the presence 
of serum throughout the incubation. The chemo- 
kinetic effect was studied both with Gey’s solution 
and with casein below the filter, as true chemokinetic 
factors by definition!’ affect random migration and 
chemotaxis equally. 
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Student's t test was used in the statistical evaluation 
of differences between groups. 


Results 


Serum-independent phagocytosis of IgG-coated 
particles by patient PMN. The ability of PMN 
isolated from the patient’s blood to ingest IgG- 
coated latex-particles was studied in the absence of 
serum. The results (Fig. 1) show that the group of 
infection-prone children as a whole had a significantly 
(P «0-001) lower rate of ingestion compared with 
the healthy adults and the control children. In 7 
children we were able to repeat the measurement 
6 and 12 months later, and in all 7 patients the rate of 
ingestion of the IgG-coated particles was similar on 
both occasions. 


Phagocytosis of IgG-coated particles bv normal PMN 
in the presence of patient serum. Phagocytosis of 
IgG-particles in the presence of patient serum was 
performed in order to test the opsonic activity of 
serum by preopsonisation of the IgG-particles with 
serum, and to find out if there were inhibitors 
directed towards the cell A reduced capacity to 
ingest particles in this system could thus imply either 
a lack of opsonins—that is primarily complement 
components—or the presence of inhibitors directed 
towards the opsonins or the neutrophil. To screen 
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Fig. 1 Phagocytic rate of IgG-coated latex particles by 
isolated PMN from two control groups (aaults and 
children) and from the infection-prone children, the last 
group on two occasions. Horizontal lines indicate 
arithmetical means. The phagocytic rate of the infection- 
prone children (0-49 + 0-12 (SD)) was significantly 
(P« 0-001) reduced compared with the children's control 
group (0°63 +. 0-17 (SD)) and the adult control group 
(0:60 + 0-12 (SD)). 


for these possibilities normal PMN were used and 
their capacity to ingest IgG-coated particles was 
studied with the patient serum. With the exception of 
one patient (Case 7) no difference could be found 
between the control group and the patients, so gross 
deviations from the normal were thus excluded. 


Migration of normal PMN in the presence of patient 
serum. When fresh serum was used there were no 
differences between the two groups of children with 
respect to the effect of their sera on random migra- 
tion or chemotaxis (Fig. 2). However, sera from 6 of 
the infection-prone children had an effect on random 
migration that was clearly inferior to that of the 
control group. In the presence of heated serum, 
random migration of normal PMN was as a whole 
significantly (P <0:01) reduced in the patients 
(Fig.'2). The effects on chemotaxis were not very 
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Fig. 2 Chemokinetic activity of fresh and heated sera. 
Random migration and chemotaxis of normal PMN 
performed in the presence of 10% serum, from the 
children’s control group or from the patients with 
samples taken on two different occasions. Migration was 
expressed as a percentage of that in the presence of a 
heat-inactivated normal pooled serum. Horizontal lines 
indicate arithmetical means. Random migration in the 
presence of the heated patient's sera (88 + 16 (SD) was 
significantly (P<0 01) reduced compared with the 
children's control sera (101 + 15 (SD). 


different, but the sera from 13 patients showed an 
activity which was below 84% that of the control 
sera; only 3 control sera had such a low activity. At 
follow-up between 6 and 12 months later, the activity 
was normal both for random migration and chemo- 
taxis ın most heated sera. However, the pattern for 
fresh sera taken at this time was more diverse. In 
some sera the activity was the same, but in others 
both higher and lower activities were found compared 
with the activity one year earlier. 


Migration of normal PMN towards patient serum. 
The spontaneously existing chemotactic activity in 
serum from the infection-prone children was 
measured by allowing normal PMN, suspended in 
buffer, to migrate towards 10% fresh serum present 
below the filter. Fresh sera from healthy adults were 
used as the 100% control. Sera from the group of 
infection-prone children as a whole showed a 
significantly reduced (P<0-001) chemotactic activity 
compared with sera obtained from healthy adults and 
with sera from the control group (Fig. 3) At follow- 
up 6 to 12 months later activity was normal. 
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Fig. 3 Chemotactic activity of fresh serum. Isolated 
normal PMN were allowed to migrate towards 10% 
fresh serum obtained from the control groups (adults and 
children) or the infectton-prone children, and from the 
last group on two different occasions Migration was 
expiessed as a percentage of that obtained towards 10% 
fresh pooled normal serum. Horizontal lines indicate 
arithmetical means of respective group. Migration 
towards patient’s serum (75 + 20 (SD)) was significantly 
(P «0*001) reduced compared with the children's control 
group (97 + 18 (SD)) and the adult control group 

(98 + 7 (SD)). 
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Effect of the addition of normal serum to some 
abnormal patient sera. Normal serum at a final 
concentration of 10% was added to some sera from 
the infection-prone children which had shown a 
deviation from the control children 1n any of three 
different systems (Table 2). Spontaneous chemotactic 
activity of the fresh serum was made normal in 2 of 4 
cases by adding normal serum; this probably 
indicates a deficiency in these 2 sera. However the 
other 2 sera could not be made normal and they 
therefore probably contained inhibitors of chemo- 
tactic activity. The effect of patient serum, fresh or 
heated, on random migration was made normal in 
each case by adding normal serum, thus indicating a 
deficiency in these sera. 


Scoring of granulocyte function (functional index). 
In some variables the results overlapped considerably 
between controls and patients. In order to judge the 
collective function for each patient we constructed 
a functional index (FI) based on the 7 variables 
studied in this report. The patient was given one 


Table 2 Chemotactic and chemokinetic activity of 
patients’ sera after adding 10% normal serum 


Chemotactic activity, 
fresh serum (92) 


Chemokinetic activity, Chemokinetic activity, 
fresh serum (94) heated serum (7A) 


Case Normal serum Case Normal serum Case Normal serum 
Absent Present 


Absent Present Absent Present 


15 58 99* 2055 105* 5 70 102* 
16 77 107 8 43 83 It 71 101 
14 37 35 19 60 89 1 74 106 
7 49 48 Ii 51 90 4 65 101 

6 66 89 


*The activity of normal serum was 100%. 
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Fig. 4 A functional index of the neutrophil function of 
the infection-prone children. 
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negative point for every variable that fell below the 
lower confidence limit of the 95% probability level. 
Theoretically, the chance of finding an individual in a 
normal population with an FI of —1 would be 
0-025 x 7 x 100 = 17-597, an FI of —2 (0-025 x 
Tf x 100 = 3-1%, an FI of —3 (0-025 x 7)? x 100 
= 0:555, an FI of —4 = 0:09 % etc. As shown (Fig. 
4), the infection-prone children had a greater number 
of negative FI scores than expected. Individual scores 
of the patients are given in Table 1. There seems to be 
a relationship between the degree of negative FI 
scores and the diversity and severity of the infections. 


Discussion 


Impairment of the neutrophil function is a widely 
accepted cause of decreased resistance to bacterial 
infections. The impairment may have cellular or 
humoral causes. We chose to study 7 different aspects 
of neutrophil function. One aspect was a test of the 
cellular function and the other 6 were tests of the 
humoral conditions necessary for a proper cell 
function. 

Phagocytosis was evaluated using a method which 
measures the kinetic uptake of opsonised latex parti- 
cles by the cells.!* It has proved to be a very sensitive 
method and has been suitable for evaluating neutro- 
phil phagocytosis in other groups of patients—such 
as those' with systemic lupus erythematosus, rheu- 
matoid arthritis, heat-burn,!® and uraemia.® Our 
data show that the neutrophils of the infection-prone 
children have a reduced capacity to ingest IgG- 
opsonised latex particles, and that the reduction is a 
cellular defect as the patients’ sera did not inhibit 
normal cell phagocytosis. The reduction was prob- 
ably not an acquired defect caused by the frequent 
infections, as the presence of an infection might have 
been expected to stimulate phagocytosis“! Further- 
more the phagocytosis rate of the neutrophils in 7 
children was unaltered after a period during which 
there was clinical improvement in the frequency of 
infections. 

The finding that some of the patients’ sera were 
less effective in stimulating neutrophil migration, 
especially random migration, might be explained 
theoretically either by a lack of stimulating factors or 
by the presence of inhibitors. For example, high IgA 
concentrations have been shown to inhibit neutrophil 
chemotaxis. This possibility can however be 
excluded by the normal serum levels of IgA in all 
patients. The presence of inhibitors was probably 
excluded by the fact that the activity was restored 
in all patients! sera by adding normal serum. The 
defect is more likely to be caused by a deficiency in 
these sera. 

The cause of the deficiency could be a consumption 


of the 'factor' due to the presence of a subclinical 
infection. This notion is supported by the finding in 
heated serum that most children who had normal 
activity when followed up some time later also had an 
improved clinical condition. The tendency towards 
normalisation in fresh serum was much less clear; 
this probably indicates that several factors both 
heat-labile and heat-stable are active in the serum- 
mediated stimulation of PMN migration.?! There are 
other explanations for the less effective stimulation of 
migration by the patients’ sera. One such explanation 
is that the cells had been deactivated by spon- 
taneously existing heat-stable chemotactically active 
components such as C5a.?3 This explanation is 
unlikely since spontaneously existing chemotactic 
activity in the patients’ sera was significantly reduced 
compared with control sera, and in other experiments 
the existing activity was found to be heat-labile.?! 
The low spontaneous chemotactic activity in 
patients’ sera also tended to become normal in 
parallel to the improvement of the clinical condition, 
suggesting that the defect was caused by the in- 
fections. The nature of this particular defect is prob- 
ably diverse. In 2 sera the addition of normal serum 
made the activity become normal, suggesting a 
deficiency similar to that described above. In the 
other 2 sera the activity was unaffected, suggesting 
the presence of inhibitors of chemotactic activity. 
Similar activity has been described in many other 
groups of patients? and has also been isolated and 
characterised by Ward. 35-38 

With the exception of a few children who had 
profound defects with respect to only one variable, 
the most severely ill children were generally to be 
found among those who had the highest FI scores. 
Thus there appears to be a relationship between the 
clinical condition of the children and the results of the 
tests made in this study. This also indicates that the 
major cause of decreased resistance to infections is 
more often the entire effect of several minor defects. 

The reduced phagocytic activity of the PMN seems 
to be a primary defect whereas the defects found in 
the sera from the patients are likely to be secondary 
to the infections. One could therefore speculate that 
one mechanism operative in the development of an 
increased infection-propensity is initiated by a heavy 
challenge of a bacterial or viral infection in an 
individual with a reduced resistance. Due to the slow 
elimination of the pathogen either due to a defective 
phagocytosis or due to other defects—-such as 
cellular defects of migration or killing capacity—the 
infection sustains in the organism producing 
secondary changes in other important systems. These 
secondary changes reduce the host’s ability to 
eradicate the pathogen or give rise to an increased 
susceptibility to the attack by further pathogens. So 


the patient ends up in a vicious circle with one 
infection after another. Several other examples of 
secondary changes caused by the infection either 
viral or bacterial? have also been described, these 
include reduced bactericidal capacity," reduced 
content of bactericidal granule proteins,” and 
migration defects. 9? 
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C3, factor B, alpha-1-antitrypsin in neonatal 


septicaemia with sclerema 


B PELET 


Service de Pédiatrie, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland 


SUMMARY C3, factor B, and a-l-antitrypsin were determined in newborn infants with septicaemia 
and sclerema, associated with suspected infections, ABO or Rh incompatibility, and hyperbili- 
rubinaemia of unknown origin, during and after treatment with exchange transfusion. Activation 
products from C3 and factor B, the clearance of the transfused C3, and its synthesis by the recipient 
were determined also. Infected newborn infants had low levels of C3 and factor B, but a normal 
amount of a-l-antitrypsin. Exchange transfusion lowered the level of «-l-antitrypsin and briefly 
corrected the low level of C3 and factor B. Activation products were formed only exceptionally. 
As synthesis of C3 is very active, a defective activation of complement pathway linked to an abnormal 


distribution in extravascular pool is »ostulated. 


We reported the presence of an opsonic defect in 
neonatal sepsis previously. Such a defect can be 
corrected in vitro by incubating the patient's granulo- 
cytes with normal serum.! The underlying 
mechanism for the diminished opsonisation is poorly 
understood. In a pilot study concerning a newborn 
baby with pneumococcal sepsis, we observed a pro- 
found diminution of the third complement com- 
ponent (C3) and properdin factor B. However, 
exchange transfusions in this and in other newborn 
infants with sepsis corrected these abnormalities. In 
the present study we wished to find out whether the 
opsonic defect was related directly to an abnormality 
in the synthesis of the complement component or was 
due to accelerated consumption. Measurements of C3 
phenotypes were used to study the synthesis and 
consumption of complement factors before and after 
exchange transfusion. In addition we studied the role 
of a-l-antitrypsin, a potential blocker of various 
kinins, in recovery from neonatal sepsis. 


Material and methods 


12 premature and 5 term babies with neonatal 
sepsis or suspected infections were exchange- 
transfused with 180 ml/kg fresh («60 hours old) 
citrated blood. 11 septic newborn babies, 10 of whom 
had sclerema neonatorum too, received 33 exchange 
transfusions. The causative organisms in these 
patients were Escherichia coli, Klebsiella pneumoniae, 
Haemophilus influenzae, Proteus mirabilis, Sta- 
phylococcus aureus, Streptococcus pneumoniae type 
III, and Streptococcus haemolyticus B. Six newborn 


babies with suspected infection received 8 exchange 
transfusions; 15 newborn babies (4 premature and 
11 term) were given 17 transfusions for hyper- 
bilirubinaemia of unknown origin, or Rh or 
ABO incompatibility, and were used as a control 
group. 

Blood samples were obtained from the donors 
shortly before the transfusion, and from the 
patient at the beginning, at one-third or one-half, at 
two-thirds of the transfusion volume, at the end of 
the transfusion, and at 1, 3, 6, and 12 hours after it. 
Clotting was allowed to proceed at 4°C and aliquots 
of serum were immediately frozen at —70°C 
Samples of 0-5 ml blood were obtained from the. 
unbilical artery or from a heel prick. 

Quantitative determinations and certain other 
electrophoretic studies were run on an LKB multi- 
phor system at 4°C in the room (LK B-Produkter AB 
S-161-25 Bromma 1. Sweden). Plates were cooled at 
1°C by a Haake thermostat during the run (Haake 
Inc., Saddle Brook, NJ 07662 USA). Current was 
supplied by an LKB 2103 power supply. Àlpha-1- 
antitrypsin concentrations were measured by radial 
immunodiffusion? using a commercial specific 
antiserum (Atlantic Antibody Corporation, West- 
brook, Maine, USA) A reference serum was 
provided by Behring and Co (3550 Marburg (Lahn) 
Germany) C3 level was determined by electro- 
immunodiffusion,? using a specific antibody in 1% 
agarose in 0-05 mol/l veronal and 0-009 mol/l 
EDTA, pH 8-6 buffer. A pool of 12 fresh human 
sera, frozen in aliquots at —709C, was used as a 
reference standard. 
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Fig. 1 Crossed immunoelectrophoresis of native or 
activated C3 (Laurell technique). For the first dimension, 
the starting point is on the right, anode on the left. In the 
second dimension, the anode is at the top. [n the top 
»ortion, native C3 is defined by a single peak; in the middle 
»ortion, native C3 is completely activated bv antigen- 
intibody complexes; in the bottom portion, activated C3 b y 
24 hours’ storage at 20°C: in the middle figure where C3 is 
‘completely activated, a small peak of native C3 is still 
sible to the right of the major peak of C3... 


Factor B and activated factor B (B) were deter- 
mined by the method of Palestine and Klemperer. 
Native factor B activated by zymosan served as a 
control. Factor B and C3 concentrations were 
expressed in units, the reference standard serum 
being designated as 100 units. One unit of C3 corres- 
ponded to 0-94 mg/100ml of a standard serum of 
Behring. The ratio of native to activated C3 was 
determined by cross-electrophoresis as previously 
reported by Laurell and Lundh.? In essence, 5 ul 
serum was electrophoresed for 2 hours at 20 V/cm in 
1% agarose at pH 8:6, 0:05 mol/l veronal with 
0-009 mol/l calcium lactate, using a discontinuous 
buffer system in the buffer tank. The gel portion 
containing the electrophoresed serum was then cut 
out, transferred to another agarose plate containing 
antibodies to human C3 in the same buffer, and 
electrophoresed at 4 V/cm for 16 hours. The dried 
agarose plates were stained with amido-black, the 
peaks were then projected and drawn on paper, cut 
out, and the paper weighed (Fig. 1). 

C3 phenotypes were analysed according to 
Pflugshaupt et al. Agarose gel electrophoresis at 
20 V/cm for 4 hours was performed in a pH 8:6 
veronal-lactate buffer, ionic strength 0-05 for the gel 
and 0-1 for the buffer tank. The agarose was then 
fixed in ethanol and glacial acetic acid solution, and 
stained with amido-black (Fig. 2). 

For further quantitation of the phenotypes, the 
unfixed gels were cut out and placed in an agarose gel 





Fig. 2 Phenotypes of C3. The starting point is at the 
bottom, the anode at the top of the gel. Darkest line is 
transferrin. Phenotypes in the middle zone: (I) Donor's 
phenotype FS. (II) Recipients phenotype-S. (III ) End of 
the exchange transfusion, conversion to the phenot ype of the 
donor FS. (IV—VI) Gradual disappearance of the F-line 
90 min, 180 min, and 330 min after exchange transfusion 
with return to phenotype S. 
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Fig. 4 Fatal pneumococcal septicaemia in a term infant. 
Recipient probably had the FS phenotype and converted to 
the S phenotype of the donor at 1200 hours. At 1400 hours a 
second transfusion was undertaken with an FS donor 
identical with that of the recipient. « ——-» Free pneumo- 
coccal antigen. 


containing antibody to C3, and electrophoresed as in 
the Laurell? technique for the native and activated 
C3 (Fig. 3). 

Pneumococcal antigens in the serum were deter- 
mined by counter-current electrophoresis." Serial 
dilutions of the patient serum were electrophoresed 
against specific antipneumococcus type III antiserum 
(State Serum Institute, Copenhagan, Denmark). The 
highest dilution in which a precipitin line could be 
detected was determined. 


Results 


Clearance of pneumococcal antigen compared with 
factor B and C3 levels. Pneumococcus type III anti- 
gen serum levels were determined in one newborn 
infant with pneumococcal sepsis treated by anti- 
biotics and exchange transfusion. As shown (Fig 4). 
pneumococcal antigen titre remained unchanged 
(fluctuating between 1/16 and 1/64) while factor B 


Fig. 3 C3 phenotype quantitation. Top phenotype F, 


middle phenotype FS, bottom phenotype S; running 
conditions identical with Fig. 1. Running time 4 hours 
instead of 2 hours in the first dimension. 
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and C3 concentrations, which were initially low, 
increased greatly after transfusion. Moreover, C3 
phenotypes switched from the recipient's to the 
donor's. 


Alpha-1-antitrypsin. Alpha-1-antitrypsin levels in acid 
citrate dextrose diluted plasma were 1P72 g/l -+ Op04 
(1 SD) SD (about 20% lower than in undiluted 
plasma). After the transfusion, in all instances 
K-l-antitrypsin levels remained unchanged or, as 


45 Q 


40 


35 


30 





M+SEM 





Seas T 15 +3 Yz 
blood Proporhon of exchange transfusion 
volume 


Fig.5 Alpha-l-antitrypsin concentration during exchange 
transfusions in newborn infants as follows. 
D——( E coli septicaemia and sclei ema. 


v— —5 Suspected uifections. 
O----O Hyperbiluubtnaemia X or Rh or ABO 
incompatibility. 


Note the fall in the concentration of the protein with 
adaptation to donor’s level. 


might be expected, decreased to the donor plasma 
level (Fig. 5) .Before the transfusion, no decrease of 
K-l-antitrypsin was noted, so excluding a kinin 
inhibitor deficit in neonatal sepsis with sclerema. 


Factor B. The decrease in factor B levels was related 
to the severity of the disease. Fatal sepsis with 
sclerema (Fig. 6) was associated with the lowest 
levels of this factor (26P3 + Op9 units). In blood 
group incompatibility and hyperbilirubinaemia, the 
initially normal level of factor B (89 -+ 6 units) was 
generally unchanged by the transfusion. However in 
septic newborn babies with low factor B (62 + 10-2 
units), at least 3 exchange transfusions were required 
to increase the levels. Three out of 11 septic infants 
died despite the correction of factor B levels by 
transfusion (Fig. 7.  _ 

Activated factor B (B) was detected only in the 
patient with pneumococcal sepsis, and it was not 
eliminated by transfusion. 
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Fig. 6 Factor B and C3 concentration before first 
exchange transfusion. 
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C3. The lowest C3 levels were seen in fatal sepsis and 
sclerema (22:3 + 2:4 units), while normal values 
were recorded in hyperbilirubinaemia of unknown 
origin and in ABO or Rh incompatibility (78 + 4-4 
units) (Fig. 6). In septic newborn infants, C3 levels 
increased only transiently after transfusion “to about 
two-thirds of the donor levels) and returned 4 hours 
later to the initial low value (35:7 + 7:6 units, 12 
hours after transfusion compared with 46-1 + 5-8 
units before) (Fig. 7). 

By using the Laurell’ technique, an antiserum 
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Fig. 7 Factor B and C3 concentration during and after exchange transfusion. « 


reacting with native C3 as well as with its breakdown 
products, we noted both components in the serum 
(Fig. 1). However, compared with 19 donors in 
whom the level of C3 breakdown products was less 
than 2% of the total C3, much higher levels were 
recorded in only 2 out of 11 septicaemic newborn 
babies. In one, only 39% of the total C3 was in the 
native form (61% was in the form of C3,). This 
patient had raised levels of a-1-antitrypsin, indicating 
that the low C3 levels were not due to lack of 
proteolytic inhibitory factor. 
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Fig. 8 Total C3 O©——-©-——© and native C3 level 
e.. .o during transfusionandquantitative determinations of 
the different phenotypes DG - - — OF x—-———xS 
during and after transfusion in a newborn with K 
pneumoniae, septicaemia, and sclerema. 


Phenotypes of C3. C3 phenotypes (FS, F, and S) were 
studied before and after 56 exchange transfusions. 
In 19 (3475 transfusions there was a difference in 
phenotypes between donor and recipient. In all these 
patients the phenotype of the recipient converted to 
that of the donor after the transfusion (Figs 2 and 8). 
The synthesis or consumption of C3 was calculated 
by multiplying the plus or minus change ın the respec- 
tive C3 phenotype plasma concentration per hour, 
with the total plasma volume, divided by the weight in 
kg (plasma volume was assumed to be 6% of body 
weight). As synthetised C3 is subjected to the same 
consumption as the transfused C3, the calculated C3 
consumption was added to the calculated synthesis to 
obtain the actual synthesis. C3 levels and phenotypes 
were studied in 3 patients with Rh or ABO incom- 
patibility over 6 periods of time, and in 3 septic 
newborn babies with sclerema or suspected infection 
over 7 periods of time after exchange transfusion. 
Quantitation of phenotypes showed that transfused 
C3 reached equilibrium 4 hours after transfusion 
(Fig. 8). Our results indicate that the rate of C3 
synthesis ın all these infants was three times higher 
than in normal adults or in systemic lupus erythe- 
matosus using radiolabelled C3.2 There was no 
significant difference in C3 consumption between 
septic and nonseptic infants who had had trans- 
fusions. 


Discussion 
Various parts of the immune system have been shown 


to be poo-ly developed in the normal newborn 
1nfant, and these immunological deficits may be the 


reason for the poor prognosis of neonatal sepsis 
compared with septicaemia in an older infant. This 
has, for example, been well documented in strep- 
tococcal infection, where newborn infants of mothers 
lacking specific streptococcal antibodies that could 
be transferred to them through the placenta were 
more prone to such infections.? Opsonic defects have 
also been reported in such newborn infants. It is 
unlikely that the lack of specific antibodies is the sole 
cause of the opsonic defect in the newborn. Several 
other factors have been implicated, including defects 
in the complement system. Previously we reported 
that the opsonic defect in neonatal septicaemia could 
be reversed in vitro by incubating the infant's 
granulocytes with normal adult serum.! In this study 
we investigated the integrity of the major and 
alternate complement pathways in septic and non- 
septic newborn infants. We also evaluated the in vivo 
effects of exchange transfusions on the complement 
pathways. Low levels of C3 and factor B were noted 
in all septicaemic newborn infants with sclerema ; 
after 3 or more transfusions, these factors were 
corrected and have remained stable. These findings 
raise the question whether the initial low level of 
complement components was due to decreased 
synthesis, or to increased consumption. Increased 
consumption could occur in the event of antikinin 
deficiency—such as a-l-antitrypsin-—but we could 
not demonstrate such an «-l-antitrypsin deficit. 
Moreover, in adult sepsis, low levels of factor B are 
generally accompanied by the appearance of acti- 
vated products of this factor, suggesting increased 
catabolism.4 © We were unable to detect in the 
hypocomplementaemic septic newborn either factor 
B or C3 breakdown products. In addition, the 
complement consumption rate of donor's C3 and 
factor B was not increased 1n neonatal sepsis com- 
pared with newborn infants with ABO or Rh 
incompatibility (Fig. 9). A slow rate of synthesis 
might therefore be responsible for the hypocom- 
plementaemia. However, calculation of C3 synthesis 
using the reappearance of recipients’ phenotype after 
transfusion, suggested rather an increased rate of 
synthesis. In the light of these findings, the recorded 
low C3 levels (Fig. 6) might have been attributable to 
an abnormal distribution of C3 in a larger extra- 
vascular fluid compartment. This assumption is 
supported by the frequent appearance of sclerema in 
the septic newborn. 

Our failure to document the presence of activated 
factor B and C3 breakdown products, indicates that 
the abnormal opsonisation in the newborn may be 
linked to defective activation of the complement 
pathways, as has been reported by Adamkin et al.?° 


These findings show that exchange transfusion 
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Fig. 9 Synthesis and consumption of C3 in newborn 
infants. 


may be viewed as an extremely effective source of 
opsonins, including not only specific antibodies but 
also C3 and factor B in a form which could be 
activated. Transfusion of fresh plasma might well be 
superior to blood. Our studies show that very large 
volumes of blood are needed to correct complement 
deficits in the newborn; this requires plasmapheresis 
or exchange transfusion. 


I thank Professor A Rubinstein, Department of 
Cell Biology, Albert Einstein College of Medicine, 
New York, for much advice. 
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Erythrocyte transketolase activity in suspected cases 
of Leigh's disease, or subacute necrotising 
encephalomyelopathy 


A MCBURNEY, DENIS LEIGH, AND H MCILWAIN 


Department of Biochemistry, Institute of Psychiatry, and Maudsley Hospital, London 


SUMMARY Erythrocyte transketolase activity and the effect of adding thiamine pyrophosphate 
(7o thiamine pyrophosphate effect) were measured in 111 subjects suspected to suffer from 
Leigh's disease (subacute necrotising encephalomyelopathy). From clinical evidence these subjects 
were divided into five groups: (1) necropsy-proved cases of subacute necrotising encephalomyelo- 
pathy, (2) cases positive for urinary thiamine pyrophosphate: adenosine triphosphate phospho- 
transferase inhibitor, (3) clinically likely cases of subacute necrotising encephalomyelopathy (patients 
still alive, or on whom no necropsy was performed), (4) cases diagnosed as diseases other than 
subacute necrotising encephalomyelopathy (control group), (5) cases for which no diagnosis had 
been made. 

Comparison of erythrocyte transketolase activities with and without added thiamine pyro- 
phosphate and of the % thiamine pyrophosphate effect for each group compared with the control 
group showed no statistically significant differences from normal values for any of these parameters. 
Similarly, there were no differences between the two sexes in transketolase activity, and no correlation 
between transketolase activity and age. These results indicate that erythrocyte transketolase activity 
Is not altered in subacute necrotising encephalomyelopathy and is unlikely to be of value for the 


diagnosis of Leigh's disease. 


The symptoms and clinical and pathological 
findings in subacute necrotising encephalomyelo- 
pathy (SNE) or Leigh’s disease were reviewed by 
Monpetit er a/.' and Pincus.? The recessive mode of 
inheritance and the various biochemical abnor- 
malities that have been detected suggest that the 
condition is the result of an inborn error of 
metabolism.? 

Although it generally presents before age 2 
years in children who had previously been healthy, 
SNE can first manifest itself in adolescence or early 
adulthood. Clinically it is difficult to diagnose, but 
psychomotor retardation, the presence of cranial 
nerve lesions and respiratory disorders in the 
hypotonic child, with exacerbation and remission of 
the symptoms and signs may suggest the diagnosis. 
The difficulty in clinical diagnosis leads to uncertainty 
in evaluating the results of any biochemical investiga- 
tions except in cases in which the diagnosis has been 
-onfirmed at necropsy, or in cases where a sibling 
1as died with SNE proved at necropsy. However, the 
liscovery by Cooper et a/.* of a substance present in 
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the body fluids of patients with SNE which inhibits 
the formation of thiamine triphosphate by the 
enzyme thiamine pyrophosphate (TPP): adenosine 
triphosphate (ATP) phosphotransferase, led to an 
assay for this inhibitor substance in the urine of 
patients suspected of having SNE. The specificity of 
the assay was discussed by Pincus et al.:? their data 
suggested that the inhibitor was linked with the 
presence of the disease in sick children. However. 
others, with the exception of Murphy et al.,9 have 
been unable to operate the assay successfully, and at 
present there are some doubts about it. 

The inhibitor substance disappears from the 
urine if the patient is receiving thiamine:? referring 
physicians are not always aware of this fact, and a 
negative finding will result if the sample is not 
satisfactory. Nevertheless, at the present time, the 
presence of this inhibitor substance in samples of 
urine is a potentially valuable guide for the diagnosis 
of SNE in children presenting with symptoms and 
signs of this disease. 

The brain lesions which occur in SNE are very 
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similar to those found in the Wernicke-Korsakoff 
syndrome, except that in SNE the mamillary bodies 
are not generally affected. As the Wernicke- 
Korsakoff syndrome has been shown to involve a 
defect in thiamine metabolism, it has been suggested 
that SNE may also reflect a disturbance in thiamine 
metabolism.* 97-9? To date however, the manner in 
which thiamine is associated with the formation of 
brain lesions in SNE is not understood. In a few 
cases, the activities of enzymes requiring TPP as 
cofactor have been investigated but have produced 
equivocal results,’ 10715 

As there have been no extensive studies of the 
involvement of  TPP-dependent  erthyrocyte 
transketolase in cases of SNE it was decided to 
investigate activity of this enzyme in suspected cases 
of Leigh's disease. 


Patients 


Samples were obtained from 111 children in whom 
the diagnosis of SNE had been suspected. Samples 
were received from hospitals in the UK and West 
Germany. Clinical records were studied and a 
follow up made, as far as was possible, into the 
course of the illness. 

Particular attention was given to the diagnostic 
opinion of the referring physician, and on this basis 
the subjects were divided into five groups: 
(1) necropsy-proved cases of SNE (n=4), (2) cases 
positive for urinary TPP:ATP phosphotransferase 
inhibitor (n — 17), (3) clinically possible cases of SNE 
(cases still alive, or on whom no necropsy was 
performed) (n —21), (4) cases diagnosed as diseases 
other than SNE (control group) (n —36), (5) cases for 
which no diagnosis had been made (n —33). 


Materials and methods 


Dithiothreitol (DTT); nicotinamide adenine 
dinucleotide, reduced (NADH); thiamine pyro- 
phosphoric acid chloride; and glycerol-3-phosphate: 
NAD 2-oxidoreductase (p-glyceraldehyde-3- 
phosphate- ketol isomerase, EC 1.1.18/EC 5.3.1.1. 
or GDH/TIM) were obtained from Boehringer 
Mannheim. b-Ribose-5-phosphate (disodium salt) 
and tris (hydroxymethyl) aminomethane were from 
Sigma London Ltd; magnesium chloride was 
supplied by BDH, Poole, Dorset. 

Venous blood was collected in tubes containing 
lithium heparin, centrifuged at 0°C and 3000 rev/min 
for 15 min, and plasma and buffy coat removed. The 
erythrocytes were then either frozen at —20°C and 
stored, or were prepared immediately for assay as 
follows: 0-5 mJ erythrocytes were diluted with 2 ml 
distilled water and haemolysed by rapid freezing and 


thawing (three times) in dry ice/methanol. Stroma 
were removed by centrifugation at 0°C and 3000 
rev/min for 15 min and the supernatant used for 
assay of transketolase (p-sedoheptulose-7-phos- 
phate: p-glyceraldehyde-3-phosphate glycoaldehyde 
transferase, EC 2.2.11 or TK). 

The method used for determination of trans- 
ketolase activity was essentially that of Vo-Khactu 
et al.* The only differences were as follows: 50 ul 
haemolysate were assayed using 100 mmol/l tris- 
HCI buffer pH 7-6 containing 1 mmol/l DTT and 
5 mmol/l MgCl, ; reference cuvettes contained 2-7 ml 
buffer and 50 ul haemolysate; readings at 340 nm 
were taken at 30-second intervals for 15 min. 
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Fig. 1 Transketolase activity in erythrocyte 


haemolysates from: (1) necropsy-proved cases of SNE, 
(2) TPP: ATP phosphotransferase inhibitor positive cases. 
(3) clinically possible cases of SNE, (4) cases diagnosed 
as other than SNE, (5) as yet undiagnosed cases. 

The mean + 1 standard deviation in each group is 
shown in addition to the individual values. The P 

values denote the statistical significance, by the 
Student's t test, for differences between the control 
group (group 4) and the others. 


Erythrocyte transketolase activity in suspected cases of Leigh’ s disease 


Activity was expressed as nmol NADH oxidised/ 
min/ml erythrocytes. Transketolase activity was 
determined in duplicate in the presence and absence 
of exogenous TPP and the stimulatory effect 
expressed as follows: 
7» TPP effect = 100  [(TK activity with TPP)— 
(TK activity without TPP)J/(TK activity with TPP). 
Urine, minimum volume 5 ml, was dried on filter 
paper (Whatman 3 MM, 10 » 8 cm) as described by 
Cooper? and despatched to Yale University for 
determination of TPP:ATP  phosphotransferase 
inhibition by the method previously described. 
Inhibition in excess of 40% was regarded as a 
positive result for the inhibitor substance. 


Results 
The reproducibility of the transketolase assay was 


determined by assaying one erythrocyte sample 10 
times in the presence and absence of TPP. This 
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aemolysates when thiamine pyrophosphate, final 
oncentration 0-36 mmol/l was added before incubation, 
ther details are as in Fig. 1. 
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resulted in coefficients of variation from the means, 
of 6:5 and 6:45; respectively. For the % TPP etfect, 
the mean value was 15:5 + 8:2 and its coefficient of 
variation was 52-955. This figure compares favour- 
ably with other reported values for small increments 
(see Discussion). 

The results of erythrocyte transketolase determina- 
tions are shown for all groups of subjects in Fig. 1. 
Each group was compared with the control group 
(group 4) and there were no significant differences. 

Transketolase activities after adding the TPP are 
presented in Fig. 2. All groups showed increased 
activity and the relationships were the same as before 
the TPP was added. Similarly, no significant 
differences in the % TPP effect were observed 
between the groups (Fig. 3). There was no correlation 
between age or sex and erythrocyte transketolase 
activity. 

For 10 subjects blood and urine samples were 
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Fig. 3 The percentage increase in transketolase 
activity in erythrocyte haemolysates after addition 
of thiamine pyrophosphate ( final concentration 0-36 
mmol/l) to the incubation medium. Other details are 
as in Fig. l. 
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Table Family studies of urinary inhibitor and erythrocyte transketolase activities 


Case Group Inhibitor 


ei MM—MM———— E a MÀ A a a N 


1 1 Negative 
Brother Positive 
Mother Negative 
Father Positive 

2 1 Positive 
Sister Positive 
Mother Negative 
Father Positive 

3 2 Positive 
Suter Negative 
Mother Nogative 
Father Negative 

4 2 Positive 
Mother Negative 
Father Negative 

s 2 Positive 
Mother Negative 
Father Negative 

6 2 Positive 

7 2 Positive 
Brother Not assayed 
Mother Not assayed 
Father Not assayed 

8 3 Negative 
Sister Negative 
Mother Negative 
Father Negative 

9 3 Negative 
Mother Negative 
Father Negative 
10 3 Negative 
It 3 Negative 
Sister Negative 
Mother Negative 
Father Negative 
12 4 Negative 
Mother Negative 
Fatber Negative 


TK actimity % TPP affect 
—TPP +TPP 

214 298 39 6 
261 310 18-8 
175 267 52-6 
110 118 7.3 
Not assayed 

233 224 U 
204 235 15-2 
202 211 4.5 
140 197 40-7 
181 219 20-9 
141 170 20 6 
139 159 J4-4 
268 294 9.7 
157 162 3.2 
195 230 17-9 
189 195 3.2 
215 235 9.3 
207 217 4-8 
184 192 4.3 
232 247 6-5 
229 255 11-4 
100 121 21 0 
205 240 17-1 
138 169 22.5 
232 281 21-1 
206 193 0 
Not assayed 

165 168 1-8 
127 204 60.6 
164 180 9.8 
182 187 2-7 
159 181 13-8 
179 233 30-2 
200 216 8-0 
150 158 5-3 
204 226 10-8 
180 207 15-0 
164 210 28-0 





TK activity expressed as nmol NADH oxidised min/ml packed erythrocytes. 
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obtained from siblings and parents also. The results 
of these studies are shown in the Table. In 2 patients 
with SNE confirmed at necropsy, clinically normal 
siblings and fathers were found to be positive for the 
inhibitor while the mothers were negative. In the 
remaining cases, the results were as expected in that 
clinically normal siblings and parents were negative 
for the inhibitor; there were no pronounced 
differences from the propositus in erythrocyte 
transketolase levels. In all subjects erythrocyte 
transketolase levels were within normal ranges. 


Discussion 


Erythrocyte transketolase activity has been used 
clinically to determine thiamine status and has been 


shown to be a specific and accurate reflection of 
thiamine sufficiency." 1? Methods of measuring the 
enzyme activity include colorimetric determination 
of sedoheptulose production, and ultraviolet spectro- 
photometric determination of NADH oxidation. 
Both methods, so far, have been shown to give 
comparable results for normal subjects. However, 
the activities reported here are higher than previously 
obtained, perhaps because of minor improvements in 
the assay procedure. 

The determination of transketolase activity in the 
presence and absence of TPP, and the % TPP effect 
in particular, has been regarded as a sensitive index 
of thiamine deficiency and a % TPP effect greater 
than 25% is generally regarded as indicative of a 
deficiency state.1739 However, it has often been 
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reported that a high TPP effect does not always 
correlate with clinical findings!?-?! and this, together 
with the large variation usually found in TPP effect 
determinations (coefficient of variation from the 
mean 50-85 55), limits the clinical significance of this 
parameter. The values of the TPP effect quoted for 
our control group agree with results reported for 
healthy individuals. 

Apart from a role in determining thiamine de- 
ficiency the activity of erythrocyte transketolase has 
been investigated in a number of disease states—such 
as alcoholism, cancer, uraemia, neurosis, diabetes 
mellitus, anaemia, polyneuritis, and malnourishment 
secondary to vascular disease of the brain. In these 
conditions, enzyme levels have been shown to be 
significantly altered only in alcoholics, neurosis, and 
pernicious anaemia. In alcoholics, low enzyme levels 
were thought to reflect poor thiamine status as 
alcohol has been shown to block intestinal absorption 
of thiamine. Patients with neurosis were concluded to 
be thiamine-deficient due to poor food intake.?? 
Patients with pernicious anaemia showed signi- 
ficantly increased tranketolase activity and this was 
believed to be due to a larger population of young 
blood cells.?? 

For the few cases of Leigh's disease, in which 
transketolase activity has been determined, the 
results so far have been equivocal. In one study!? no 
change in activity was observed; in another'? 
significantly reduced enzyme levels accompanied by a 
righ TPP effect were observed. 

In addition to erythrocyte transketolase, there is 
ilso evidence, in SNE, to implicate deficiencies in 
ther enzymes which require thiamine pyrophosphate 
is cofactor—for example pyruvate decarboxylase! 24 
ind pyruvate dehydrogenase.??—?9 So far results of 
nvestigations of these enzymes have also proved 
'quivocal. 

This study has established that erythrocyte 
ransketolase activity is not affected in necropsy- 
'roved cases of SNE, nor is it affected in clinically 
ikely cases, or in patients shown to be positive for an 
nhibitor of TPP: ATP phosphotransferase. In 
iddition, studies of unaffected siblings and parents 
howed no pronounced differences from the propositus 
n terms of erythrocyte transketolase activities. 

Results for the urinary inhibitor assay in these 
ases bear on the question of how this assay is used 
s a diagnostic criterion for SNE. Samples from 3 of 
he 4 necropsy-proved cases of SNE were negative 
or the inhibitor. It was also observed that 2 clinically 

ormal siblings and their fathers in 2 necropsy- 
onfirmed cases of SNE gave positive inhibitor 
esults. These findings appear inconsistent with those 
f Pincus er al. in which the inhibitor was positive in 
Il 10 necropsy-proved cases of SNE. The reason for 


this discrepancy is not known, but it may result from 
delays in assaying the urine. 

At present it seems that there is no single 
laboratory procedure which will diagnose Leigh's 
disease before death and it is possible that the 
disease may be the result of more than one metabolic 
abnormality. 

Current results suggest that involvement of 
thiamine pyrophosphate in Leigh's disease will be in 
a role other than that of coenzyme in erythrocyte 
transketolase or as precursor of thiamine tri- 
phosphate. Evidence has suggested an additional 
neural function of thiamine?*-?8 and studies have 
been reported on a possible function of thiamine in 
neuromuscular transmission.?? It remains to be seen 
whether or not this approach will be more fruitful in 
elucidating the role of thiamine in the pathogenesis 
of Leigh's disease. 


We thank the physicians and staff of 24 hospitals in 
Britain and West Germany for their co-operation in 
this study, and the Research Fund, Bethlem Royal 
Hospital and Maudsley Hospital, for support. 
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Unreliability of the Mantoux test using 1 TU PPD 
in excluding childhood tuberculosis in Papua 


New Guinea 


KATHLEEN MURTAGH 


Department of Clinical Sciences, University of Papua New Guinea 


SUMMARY 139 children with bacteriological or histological proof of active tuberculosis were given 
the Mantoux tuberculin test while they were inpatients at Port Moresby General Hospital. Only half 
(70) of the children had positive results (induration of at least 5 mm). Of the 35 children under 2 years, 
25 (7194) showed no reaction whatsoever. Malnutrition, assessed by weight for age, did not appear 
to influence the response although nearly all children under 5 weighed less than the Harvard mean. 
Previous BCG immunisation had no significant effect on the reaction to tuberculin. General debility, 
recent measles, treatment with corticosteroids, or early stage of illness may account for some nega- 
tive reactions, but whatever the cause, the high proportion of negative results means that the tuber- 
culin test as currently practised in Papua New Guinea cannot be relied on to exclude active 


tuberculosis in children. 


Tuberculosis continues to be a problem among 
children in developing countries, but the circum- 
stances regarding its diagnosis and management are 
very different from those in Western countries. 

In many Third World countries facilities for 
diagnosis of tuberculosis are limited and the tuber- 
culin test would appear to be the ideal diagnostic 
tool. However, studies in tropical countries have 
shown that reactions to tuberculin are not as clearly 
‘positive’ or ‘negative’ as they are in temperate 
climates; there are many intermediate reactions 
which are thought to be due to agents antigenically 
similar to human tubercle bacilli! This makes 
interpretation of test results difficult, particularly if 
trying to provide clear guidelines for use by para- 
medical staff that will be relevant for adults and 
children. To reduce the number of false-positive 
results the standard test recommended by the World 
Health Organisation (WHO) is 1 tuberculin unit 
(1 TU) of purified protein derivative (PPD) with 
Tween 80 (equivalent to 5 TU without Tween 80) but 
in fact WHO no longer supports the use of the 
tuberculin test for diagnostic purposes (WHO, 1979, 
personal communication). 

In Papua New Guinea, there continues to be 
dependence on the Mantoux test for confirmation of 
tuberculosis, In an attempt to prevent overloading 
the TB control services with patients who do not 
have tuberculosis it was suggested that the diagnosis 


should be excluded by means of a Mantoux test 
using the WHO standard of 1 TU PPD with Tween 
80.* This recommendation posed enormous problems 
for paediatricians working in Papua New Guinea as 
they were clinically aware that there were many 
children with active tuberculosis who had negative 
results to Mantoux tests. Therefore it was felt 
important that the extent of unreliability of the test, 
using this recommended dose of 1 TU PPD, should 
be assessed in a situation where the diagnosis could 
be established bacteriologically or histologically. 


Patients and methods 


Port Moresby is the capital of Papua New Guinea 
and the general hospital with 96 paediatric beds 
serves a population of 120000 and acts as the 
referral centre for the Central Province. Children 
suspected of having tuberculosis are admitted when- 
ever possible for full investigation before treatment 
is begun. 

Between June 1975 and May 1978, 388 such 
children were admitted to hospital; mycobacteria 
reported as Mycobacterium tuberculosis were isolated 
from 131 of these children. The cultures were from 
gastric aspirates (92), gland biopsies (21), discharging 
sinus swabs (6), CSF (4), pleural aspirates (3), ear 
swabs (3), umbilical swab (1), and lung aspirate (1). 
Identification of the mycobacteria was based on the 
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growth characteristics of the organisms on standard 
medium and no further typing was done. Gland 
biopsies showing the typical histology of active 
tuberculous lymphadenitis, but which were not 
cultured, were obtained from a further 33 children. 
Thus in 164 children the diagnosis of tuberculosis was 
considered proved and they constitute the study 
group. 

The children's ages ranged from 3 months to 12 
years with a peak between 1 and 2 years (Fig. 1). 
Seven out of 80 boys and 13 out of 84 girls died. 

Of the 164 children in the study group 98 (60%) 
had pulmonary lesions, and 54 of these 98 children 
had visibly enlarged cervical glands; 34 (2192) 
children had lymphadenitis alone, while miliary and 
meningeal tuberculosis accounted for a further 16 
(10%) and 8 (5%) respectively. The remaining 4% 
had tuberculous otitis media (4 cases) abdominal 
tuberculosis (3 cases), and joint tuberculosis (1 case) 
(Table 1). 

The BCG experience of each child was obtained by 
noting the presence or absence of a scar on the left 
upper arm, and if possible this was confirmed by 
checking his (or her) health record book. 

All 164 children were given the Mantoux test on 
admission. The test was read and recorded in 139 
children; 108 in whom the diagnosis was confirmed 
bacteriologically and 31 in whom it was confirmed 
histologically. The test was performed using 1 TU of 
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Fig. 1 Age distribution of children with proved tubercu- 
losis. 
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Table 1 Site of tuberculosis in 164 children in study group 


Type of tuberculosis No of cases 
Pulmonary 

Combined pulmonary and lymphaden:tls 
Lymphadenitis 

Miliary (3 also had meningitis) 
Meningeal 

Tuberculous otitis media 

Abdomunal 

Joint 
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PPD RT23 with Tween 80 given intradermally into 
the flexor surface of the left forearm. Most tests were 
done by one paramedical worker who had been 
trained in the technique, and all tests were read 
between 48 and 72 hours either by me or by the 
resident medical officer. A test was considered 
positive if there was an induration of at least 5 mm. 
In the other 25 patients, Mantoux tests were per- 
formed but the outcome not recorded; there was a 
tendency to fail to record negative reactions. 

Tests were repeated on 7 negative reactors by me 
and were again found negative. Tbe PPD dilution 
was checked by a WHO team against a standard 
dilution with the conclusion that there was no 
difference in the potency of the two dilutions. 


Results 


Of the 139 patients who had a Mantoux test com- 
pleted satisfactorily only 70 showed reactions of more 
than 5 mm induration; 69 had a negative Mantoux 
test and 63 of these showed no induration whatso- 
ever to the dose used (Fig. 2). 

Of the 20 children who died 13 had had a Mantoux 
test. In 9 the results were negative, 3 showed a 5 mm 
reaction, and 1 a 10 mm reaction. 

Children under 2 years were significantly less 
likely to have a positive result than older children 
(P<0-005) (Table 2). 
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Fig. 2 Results of Mantoux test for 139 children with 
proved tuberculosis. 


Table 2 Mantoux results according to age in children 
with proved tuberculosis 





Mantoux test 

Age of Positive Negative 
children 

(months) No (94) No ($5) 
«12 4 (29) 10 (71) 
12-23 6 (29) 15 (71) 
24-59 23 (53) 20 (47) 
60-> 144 37 (61) 24 (39) 
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Table3 Mantoux test results according to weight 


Mantoux test 
Positive Negative 
Harrard 
standard No C2 No vA 
210074 (m=i) Í 
80-100 75 (n= 16) 7 (44) 9 (56) 
60-8074 (nz-43) 17 (40) 26 (60) 
<60% (n7) 7 (41) 10 (39) 
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Fig. 3 Results of Mantoux tests according to site of 
infection. 


Table 4 BCG and Mantoux results 
Total 





Negative Indurattons positive 
No (%) Smm 10:19 mm >20mm No (9?) 
BCG 44 (52) 9 25 6 40 (48) 
No BCG 13 (43) 4 10 3 17 (57) 


The admission weights of the children under 5 
years showed only one child whose weight was above 
the Harvard mean.? The weights of 16 children were 
between 80 and 100% of the mean, 43 were between 
60 and 80%, and 17 were below 607; of the Harvard 
mean (Table 3). In this group of patients there 
appeared to be no association between low weight and 
a negative response to the Mantoux. 

Children with cervical lymphadenitis were par- 
ticularly sensitive to tuberculin. They had a higher 
percentage of positive results and larger areas of 
induration than children without cervical gland 
involvement (Fig. 3). 

The BCG experience of 114 children was recorded. 
Previous BCG immunisation did not significantly 
affect sensitivity to tuberculin (P— 0-1) (Table 4). 


Discussion 


It was suggested by members of a visiting WHO 
consulting team? that too much reliance was placed 
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on the isolation of mycobacteria from gastric 
aspirates and, in the presence of a negative tuberculin 
test, such mycobacteria were probably atypical. 47 
children diagnosed from gastric lavage had a nega- 
tive reaction to the Mantoux test but 25 had chest 
x-rays which were considered by the radiologist to be 
diagnostic of tuberculosis; these consisted of a 
typical miliary pattern (8), tuberculous broncho- 
pneumonia (5), pleural effusion (7), and hilar 
gland enlargement (5). Four of the children with 
positive gastric aspirates and nondiagnostic chest 
x-ray changes had additional evidence of tubercu- 
losis—3 had CSF changes typical of tuberculous 
meningitis and 1 had a gland biopsy showing caseous 
tuberculous lymphadenitis. Of the remaining 18 
children, 9 had a strong family history of tubercu- 
losis; in each case this comprised at least one parent 
and up to 5 other members of the household. Four 
had pulmonary complications after measles and 
their condition did not improve until antituberculous 
therapy was begun. In retrospect, the diagnosis of 
tuberculosis could be disputed in only 5 of the 47 
children with positive gastric aspirates and a nega- 
tive Mantoux test, although even in these 5 there 
were sufficient clinical grounds—such as continuing 
fever and persistent weight loss—to warrant treat- 
ment. 

All the patients studied were inpatients at the 
hospital so one would expect a high proportion of 
cases difficult to diagnose in whom there had been a 
disproportionate effort made to find mycobacteria. 
During the same period there were 96 children, 29 of 
whom were seen only as outpatients, with a good 
clinical and x-ray evidence of tuberculosis from 
whom mycobacteria were not isolated. This group 
included patients with hilar lymphadenopathy (41), 
pleural effusion (18), cervical lymphadenitis (16), 
meningitis (10), Pott's disease (8), and miliary 
tuberculosis (3); 37 (39%) of these 96 children had a 
negative Mantoux test, and in 59 (61 %) results were 
positive. Thus the proportion of positive results was 
not significantly different from those from whom 
mycobacteria were isolated (P —0-05). 

Other series have also shown that children with 
cervical lymphadenitis are more sensitive to tuber- 
culin;? anyway these children are less likely to be 
missed as they are easier to diagnose clinically. 

several factors may be responsible for the large 
number of tuberculin nonreactors: 

(1) The Mantoux test may have been done too early 
in the disease for the test to be positive; 11 children 
had repeat tests 6-8 weeks after starting TB treat- 
ment, and 6 of these had become positive by the second 
test. This cannot however be the whole explanation, 
as in developing countries many cases present late in 
the course of the disease. In this study for instance, 
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33 of the 69 with negative Mantoux reactions had 
had symptoms for more than 2 months before 
admission. 

(2) A number of patients were debilitated and a 
negative tuberculin test is well recognised in such 
children, particularly if they have miliary or menin- 
geal tuberculosis. However, many negatives were 
found in children who were not severely ill but none 
the less yielded positive cultures. 

(3) Malnutrition is considered a cause of failure of 
tuberculous patients to react to tuberculin.5 ? In the 
study group wasting was common and 78% of the 
children under 5 years were below 80% of the 
Harvard mean, but there was no clear association 
between degree of weight deficit and tuberculin 
sensitivity. 

(4) Some patients were so ill at the time of admission 
that antituberculous drugs and corticosteroids were 
started immediately. Of 15 patients who were 
Mantoux tested at the same time, or soon after, 
corticosteroids were started, 6 were Mantoux 
positive and 9 negative. So corticosteriods were not a 
major cause of negative tuberculin reactions in the 
study group.? 

(5) Measles is known to make a child nonreactive to 
tuberculin for some weeks after infection? and this 
may have been responsible for some negative 
reactions. A history of measles was sought in every 
case. Only 6 children were known definitely to have 
had a recent attack of measles and all 6 had a nega- 
tive Mantoux. A possible history of measles was 
obtained from a further 3 children: 2 were Mantoux 
negative and the other had a reaction of 10 mm. 

(6) Polio vaccine has also been found to reverse the 
tuberculin reaction temporarily ;? the immunisation 
records are not available but this may have been a 
factor in the children under 2 years. 

Whatever the cause of a negative tuberculin 
reaction the effect on its usefulness in diagnosis is the 
same. A negative result is difficult to interpret both in 
clinically mild and severe illness and cannot be 
accepted as excluding the diagnosis of tuberculosis. 
It might be considered that, when doubt exists, start 
of treatment should be delayed, but this can be 
dangerous, particularly in young children who may 
deteriorate with frightening rapidity or develop 
complications, as illustrated by the following case 
histories. 


Case 1. A boy aged 9 months, whose mother had 
died at birth. He was bottle fed successfully by his 
grandmother and his growth curve rose steadily 
above 80°% of the Harvard mean. He presented at 
outpatients on 30 November 1977 with a history of 
diarrhoea. He was not clinically dehydrated and 
there were no abnorma! clinical findings but his 


weight was noted to have fallen 0-8 kg during the 
preceeding 4 weeks, so he was admitted. A chest 
x-ray showed some consolidation in the right upper 
and mid-zones but the Mantoux test was negative; 
there was no family history of tuberculosis and a 
BCG scar was seen on his left arm. He was treated 
with antibiotics, but he remained unwell and ran a 
slight fever. His weight had dropped a further 0:4 kg 
by 21 December and a repeat x-ray showed increased 
consolidation and small bilateral effusions. It was 
decided on this evidence to start antituberculous 
therapy. 

His grandmother unexpectedly took him away on 
25 December and did not return with him until 
1 January, when he was severely ill with gross 
meningeal signs. Treatment included chemotherapy 
for tuberculosis and corticosteriods but he died 
2 days later. Necropsy showed widespread tubercu- 
losis. 


Case 2. A boy of 12 years, was first seen on 12 April 
1976 with a 2-week history of cough. He was not very 
ill and apart from a few small cervical glands there 
were no abnormal clinical findings. The chest x-ray 
suggested tuberculosis with perihilar consolidation 
and widening of the mediastinum to the right but, as 
the Mantoux test was negative, it was decided to 
delay treatment and review him as an outpatient. 

He did not return until 25 June, when he was 
complaining of pain in his back. On examination he 
had a slight kyphosis at the level of the 1st and 
2nd lumbar vertebrae which was tender on palpation. 
X-ray of the lumbar spine showed moderate erosion 
of the 2nd lumbar vertabra. 


The proportion of positive results in this study 
group could have been increased if all negative 
reactors had had a repeat test 6-8 weeks after starting 
therapy but a belated positive result would have been 
no help in the initial decision to start treatment. In 
any case, in practice, repeating the Mantoux test 
routinely is impossible in Papua New Guinea because 
many children return to their villages (up to 80 miles 
from Port Moresby) to continue treatment at the 
nearest aid post. 


Conclusion 


The generally accepted policies of tuberculosis 
control do not include identification and treatment 
of sick children. This is because they are not a hazard 
to the community as they generally swallow their 
sputum and thus are not infectious. Health workers 
treating children have other priorities and there is a 
strong feeling that because of the danger of miliary, 


meningeal, or spinal tuberculosis developing in child- 
ren it is better to overdiagnose the infection rather 
than leave a case until it is too late. A negative 
Mantoux result does not necessarily exclude tubercu- 
losis and the decision to start treatment often rests on 
clinical criteria. 


I thank Dr J Muirden for reading the x-rays and 
Dr Felicity Savage for constructive criticism. 
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Sequential study of liver biopsy in thalassaemia 
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SUMMARY Liver biopsies were performed in 47 thalassaemic children. 33 of them had laboratory 
findings that suggested chronic hepatitis; the other 14 patients, without such signs, underwent liver 
biopsies during splenectomy. Nine patients showed a more or less pronounced fibrosis, 26 showed 
chronic persistent hepatitis, and 12 had histological evidence of chronic aggressive hepatitis. The last 
12 patients who had been treated with corticosteroids, and 9 other patients who showed a worsening 
of their liver function tests, underwent sequential biopsy. We suggest that chronic liver disease 
in thalassaemic children can produce inflammatory infiltration even without biochemical or clinical 
sign of chronic hepatitis, that it can progress towards cirrhosis even in patients with chronic persistent 


hepatitis, and that there appears to be no benefit in giving corticosteroids. 


We have previously reported our experience with 
thalassaemic liver disease and we pointed out that, in 
addition to iron overload, the basic liver lesion was 
caused by the presence of chronic hepatitis.! Later 
we studied a larger number of patients, including 
some with no sign of chronic hepatitis in whom 
surgical biopsies were performed during splenectomy. 
Patients with chronic aggressive hepatitis (CAH) had 
been treated with corticosteroids. These patients and 
those who showed a worsening in their liver function 
tests underwent sequential biopsy. The aim of 
this paper is to present all the data obtained during 
the last 6 years on the development of liver damage 
and its histology in these patients. 


Material and methods 


110 children with B-thalassaemia aged between 1 and 
15 years were studied. 90 of them were treated with 


transfusions and intramuscular desferrioxamine; 
they were described previously.! Needle liver biopsy 
was performed using Menghini's technique in 33 
patients, including 26 patients already reported, 
who for more than 6 months had been showing serum 
transaminase values that were at least twice the 
normal maximum value. In 14 other patients in whom 
biochemical data were not abnormal, a surgical 
biopsy was performed during splenectomy. Two 
pathologists read the slides independently, without 
knowledge of the clinical data. Later, the two reports 
were compared together with all the clinical and 
laboratory data. 

The following patients underwent sequential 
control biopsies at 6-month or 2-year intervals: 
Patients (n=12) in whom there was histological 
evidence of CAH; they were treated with betameta- 
sone (0-1 mg/kg per day for 1 month and then 
0:05/mg per day). Treatment with corticosteroids 


Table 1 — Histological findings of liver biopsies of children suspected as having chronic hepatitis compared with 


biopsies of children with normal liver tests 





Biopsies for suspected chronic hepatitis Biopsies on splenectomy 
HB Ag-positire HB Ag-negative Total Previous acute HB.Ag-positive HB_Ag-negative Total Previous acute 
Ae a icteric hepatitus : icteric hepatitis 
Chronic 
hepatitis 4 14 18 1 | 7 g 2 
Chronic 
aggressive 
hepatitis — 2* 9 11 2 g i i 
Fibrosis 1 3 4 0 5 5 
Total 7 267 33 3 1 131 14 2 





*One patients is still HBs Ag-positive after 6 years, 115 patients are positive for anti-HBsAg, 12 patients are positive for anti-HBsAg. 
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Table 2 Results of biopsies in 21 children 
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Haemoglobin Serum iron 


Case First biops Last biops HBsAg still Anti-HBsAg Icteric Splenectomy Units of 
d dd — positive still positive hepatitis blood (g/100ml)t | (ug/100ml)i 
Diagnosis Age Diagnosis Age transfused* 
— O 
1 CAH 4y 8m CAH 9y 4m Yes,4y2m No Yes,3y 6m Yes,3y 99 9.1 201 
cirrhosis 
2 CAH 9y 4m CPH lly 8m No Yes,8y 9m No Yes,3y 94 8-7 230 
3 CAH 10y 11m CAH 15y No Yes,12y 6m No Yes,18m 202 8.9 193 
cirrhosis 
4 CAH 6y 5m CPH 8y 3m No No No Yes,2y 111 8-8 91 
5 CAH 9y 8m CAH 13y 8m No No Yes,3y 8m Yes,5y 185 9 302 
cirrhosis 
6 CAH 3y 9m Fibrosis Sy 7m  Yes,Sy lim No No Yes,3y 75 8-9 200 
7 CAH 9y 5m CPH lly 5m No Yes,9y 6m No Yes,3y 105 8.8 172 
8 CAH 8y3m  CPH 9y Ilm No Yes,7y 4m No Yes,8y 7m 105 8.9 180 
9 CAH 7y llm Fibrosis 10y 8m No No No Yes,3y 117 8-9 200 
10 CAH 6y 8m Fibrosis 7y 6m No No No Yes,17m 90 10-3 170 
E CAH 8y 10m Fibrosis 9y 5m No Yes,9y 3m No Yes,3y 6m 92 8-9 200 
12 CAH 9y Im Cirrhosis 10y 10m No No No Yes,7y l1m 107 9. 184 
13 CPH 10y Im CPH ISy 5m No Yes,12y3m No Yes,2y 214 9.1 183 
14 CPH 13y 4m Cirrhosis l6y 4m No Yes,l3y 3m No Yes,3y 222 9 210 
15 CPH 4y 3m Fibrosis 6y Iim No Yes,S5y3m No Yes,6y lim = 73 8-9 108 
16 CPH 7y 7m Fibrosis 9y 10m No Yes,8y 5m No Yes,9y 10m 125 8-9 100 
17 CPH 13y 9m Cirrhosis l6y 7m No No No Yes,4y 217 9 135 
18 CPH 9y 10m CPH lly No Yes,7y Iim No Yes,6y 154 9.4 125 
19 CPH 4y lim CPH 6y 7m No No Yes,3y Yes,4y Iim 76 10-2 150 
20 CPH 12y 2m Fibrosis 13y Im No Yes,12y 6m No Yes,6m 178 9.2 190 
21 Fibrosis 4y 9m CPH 6y 3m No Yes,3y 6m No No 12 9.3 57 


*Total number of units (300 ml) of blood transfused until the last liver 
liver biopsy. {Mean serum iron during the time between the first and 1 


was stopped when inflammatory infiltration dis- 
appeared and no piecemeal necrosis could be shown. 
Patients (n=9) who had no evidence of CAH in the 
first biopsy, and who later developed symptoms 
which, on clinical and laboratory data, suggested 
worsening of liver disease. 


Results 


In Table 1 the histological findings of liver biopsies of 
children suspected to have chronic hepatitis are 
compared with surgical biopsies obtained during 
splenectomy in children with normal liver tests. Many 
of the thalassaemic children, who had had multiple 
transfusions, showed histological evidence of chronic 
persistent hepatitis (CPH) or CAH, as reported 
previously.! 

Many of these children were infected by hepatitis 
B virus as shown by the presence of HB;Ag (Table 1) 
and HB;Ab in their blood. We also noticed that of 
33 children who underwent liver biopsies and in 
whom chronic hepatitis was suspected, 18 showed 
CPH, 11 showed CAH, and 4 showed a more or 
less pronounced hepatic fibrosis. 

Of 14 patients without biochemical signs of liver 
damage who underwent surgical biopsies during 
splenectomy 8 had CPH, 1 had CAH, and 5 showed 
à more or less pronounced fibrosis with slight 
nflammatory infiltration. 

2] patients underwent sequential biopsies after a 


biopsy. {Mean haemoglobin during the time between the first and las! 
ast liver biopsy. 


period of between 6 months and 5 years (Table 2, 
Figure). 12 with CAH were treated with beta- 
metasone. Four of them had evidence of CPH, 4 had 
liver fibrosis, and 4 had macromicronodular 
cirrhosis: 3 of the last group with cirrhosis also 
showed persistence of CAH. 

Eight children with CPH not treated with corti- 
costeroids showed a reduction in inflammation: 5 
patients (2 of whom had cirrhosis) and 3 patients 
with CPH. 


Cirrhosis 


Le 


Chronic aggressive 
hepatitis 


Atm 
AUD oi Ne e y 
Chronic persistent À ^ Ko cC o 
hepatitis EVAN. 0 » 
X Nes 


Fibrosis Ó 9 O O 


45 678 9 ON 12 133: 4 15 16 7 


Age (years) 


Steroid treatment GI 
No steroid treatment o 


Figure Histological development of the hepatic 
involvement in 21 thalassaemic patients. In 6 patients 
the second biopsy showed a cirrhotic pattern, while as a 
result of the first biopsy 4 children were diagnosed 

as having chronic aggressive hepatitis and the remaining 
2 (the oldest ones) as having chronic persistent hepatitis. 
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One patient with hepatic fibrosis without hepatitis 
showed an increase in inflammatory cells in the 
portal spaces and fibrous tissue, suggesting a 
diagnosis of CPH. We found that the normal liver 
tests, including serum transaminases, did not 
indicate the inflammatory development of the lesions, 
even in patients being treated wth corticosteroids. 


Discussion 


Our review of hepatic biopsies showed that a large 
number of transfused thalassaemic children, either 
HB,Ag-positive or negative, with chronic hepatitis, 
had one of the more common types—CPH or CAH 
(38 of 104 patients). This observation has not been 
confirmed in other countries, perhaps because the 
incidence of hepatitis in Italy is high.? In Milan 
district for instance, the frequency of HB,Ag-positive 
blood donors is particularly high (3-25; or 300 times 
higher than in New York City) (AVIS—Italian 
Association of Blood Donors—Section of Milan, 
unpublished data).?^* Moreover the number of 
children with chronic hepatitis is probably still 
higher, for we performed liver biopsies only in 
children who had had high serum transaminases for 
between 6 months and one year. 

We found histological evidence of CPH (8 of 14) 
and CAH (1 of 14) even in totally asymptomatic 
patients, with normal standard tests of liver function, 
who underwent liver biopsy during splenectomy. The 
characteristics of chronic hepatitis in thalassaemic 
patients did not differ from those in other transfused 
patients, such as haemophiliacs, but the course of the 
disease might have been different from that of the 
common forms.? Repeated biopsies showed cirrhosis 
3 or 4 years later in 2 of 8 thalassaemic children who 
had CPH at their first biopsies. 

No clear benefit from corticosteroids in preventing 
cirrhosis has been proved. In fact in 9 of 12 patients 
with CAH treated with betametasone there was a 
reduction of inflammatory activity with dis- 


appearance of piecemeal necrosis. In one of these 
patients, and in 3 others, liver specimens showed 
cirrhosis 2 to 4 years after the first biopsy. The age of 
the patients in the two groups was similar; therefore 
it seems that in thalassaemic children chronic 
hepatitis, either persistent or aggressive, shows 
progression towards cirrhosis even though the 
inflammatory activity is reduced by treatment with 
corticosteroids. 

In conclusion, the chronic liver disease of thal- 
assaemic children is characterised by inflammatory 
infiltration (similar to CAH or CPH) even if there is 
no biochemical or clinical sign of chronic hepatitis, 
and by progression towards cirrhosis even in cases 
showing a CPH aspect. There is no clear evidence that 
treatment with corticosteroids slows this process, 
though it reduces the inflammation. 

Better chelation therapy should improve the 
prognosis of these children and the method of 
continuous infusion of desferrioxamine is promising. 
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Dietary fibre in under- and overnutrition in 


childhood 
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SUMMARY Children in developing countries pass stools that are very different from those passed 
by children in Europe. These stools reflect a diet of unrefined carbohydrate with low-energy density, 
and which due to the large volume results in an energy deficit in the child. This energy deficit is now 
considered to be the major cause of the almost universal undernutrition. Much of the improved 
health in European children during the last century has probably arisen through better nutrition due 
to more-refined carbohydrates and to more fat in the diet. Over the same period as children have 
become healthier, diseases of civilisation have appeared. One factor in such diseases is clearly that 
of diet, and these diseases may partly be caused by the high-energy density and the low-dietary 
fibre content. Changes in diet offer the greatest hope for a rapid improvement in health. In the 
developing world we need to find a means for making foods with a high-energy density more easily 
available to overcome the undernutrition in childhood. In industrialised countries older children 
need to become accustomed to a diet of lower-energy density than at present, containing more 


unrefined carbohydrate and less fat. 


Experience has shown that doctors trained in 
Europe and America who go to work in developing 
countries soon begin to overlook and almost to 
ignore the general levels of undernutrition in the 
majority of children they see. Equally, doctors 
trained in developing countries who come to work in 
Europe or America soon accept that many of the 
diseases they see in adults rarely exist in their own 
countries, at least not in the rural areas where most of 
the people live. These two different experiences may 
be related and if the arguments put forward are 
accepted, paediatricians have a responsibility to see 
that both at individual and national levels there are 
changes in diet for children. 

Medical programmes have played only a minor 
part in the improvement of health in Europe during 
the last two centuries. McKeown! argued that better 
sanitation, water supply, and hygiene were less 
important than better nutrition. Those who read 
his book and have worked in developing countries 
will realise that his arguments might have been 
even stronger had he appreciated the greater severity 
of diarrhoea, measles, and other conditions in 
undernourished children. 


Part of the change in Western diets came about 
through the introduction of steel mills in the nine- 
teenth century, and the progressive reduction in 
fibre, particularly cereal fibre, in the diet. At the same 
time sugar, and to some extent dairy products, 
became more widely available and as a result 
children in Europe were able to eat food with a high- 
energy content. [In Third World countries the majority 
of children still live on unrefined foods and have a 
low fat content in their diet. As a result they have 
a diet inadequate in energy in the first 3 years of life. 
In Europe the progressive decline in dietary fibre 
intake and the excessive use of foods containing 
sugars and fats are considered by many to be among 
the major factors responsible for adult diseases so 
common in Europe but so rarely seen in the develop- 
ing countries. Children in developing countries who 
eat little sugar, fat, or oils need to consume large 
quantities and they frequently need more than 1 kg 
of carbohydrate staples daily if they are to receive 
adequate energy. Incorporated in the staples are 
large quantities of dietary fibre; this fibre makes the 
volume and consistency of stools very different from 
stools passed by children here. 
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Children's stools 


surprisingly little has been written about the amount 
of children's stools or the frequency with which 
they are passed. In Europe and America it is generally 
assumed that children should pass one stool a day. 
Children in developing countries pass stools much 
more often. There are hospital records of 3 stools a 
day in children recovering from  malnutrition.? 
Figures collected during a household survey? showed 
a fairly similar pattern (Table 1). 

Little is known not only about the volume of 
stool passed but also about the time it takes food 
digesta to traverse the alimentary tract. Information 
from some of the more satisfactory studies is given 
in Table 2. This shows that children in developing 
countries living on a rural diet have much shorter 
intestinal transit times and pass larger volumes of 
stool. The difference may be presumed to result from 
the larger amount of fibre from cereals and other 
starchy staple foods in their diet. 


Times at which diseases appear 
The diseases listed below are common in the West 


and each one generally appears or increases in 


Table 1 Distribution of African children (°%) under 5 by 
age and number of stools passed in the 24 hours before 
the survey* 





No of stools in Age (months) 





24 hours ————— —————— 
0-6 7-12 13-18 19-60 

0 7 3 9 4 

l 19 23 22 17 

2 30 37 36 41 

3 and over 44 37 33 38 





*This information was collected from 2 areas in west Africa and 2 
from east Africa, by a random survey of homes. As each area gave 
a similar result, they were analysed together. The result was a modal 
value of 2 stools passed a day; however, more than one-third of the 
children passed 3 stools a day. 


Table 2 


Origin of children Age range (years) 


Mean time (and range) 
of appearance 


frequency as a community adopts a Western way of 
life. The order in which these diseases appear is 
similar to the order in which they appear with 
increasing age in industrial countries. In industrial 
countries the prevalences of three diseases, with the 
exception of appendicitis, also increase with age. 
These observations suggest that this group of 
diseases is in part the result of various periods 
of exposure to the same environmental factors. 


Diseases related to the volume and consistency of 
stools 


Constipation. Fibre, and cereal fibre in particular, 
has the property of holding water in the large-bowel. 
It is becoming increasingly accepted that inadequate 
fibre in the diet is the fundamental cause of most 
constipation.? Any visitor to rural areas in develop- 
ing countries where sanitation facilities are non- 
existent will soon notice that stools are very different 
in character from those evident in Western countries. 
Such stools are large and soft and often unformed, 
unlike the low-volume viscid stools often with 
scybala passed by people in the West. 


Some effects of constipation 

Appendicitis. This is rare in rural areas of developing 
countries, but it is one of the first of the characteris- 
tically Western diseases to emerge as Western foods 
are adopted. Appendicitis was one disease that 
became less common in wartime with rationing and 
an increase in dietary fibre. Appendicitis is believed 
to be initially due to obstruction of the appendix 
lumen most often caused by the presence in it of 
solid faecal particles. Such particles are rarely found 
in the appendix in communities with a low pre- 
valence of appendicitis, and they are the result of 
excessive extraction of water from the faeces owing 
to a deficiency of fibre in the diet.* 


Transit time and weight of stools passed by children from different countries 


Mean weight (and 
range) of stool/day (2) 


Mean transit time 
(and range) (hours) 


of marker (hours) 


African (n — 500) (traditional diet) 13-18 


(A R P Walker, unpublished data) 

African (n = 500) (partly Westernised diet) 13-18 
(A R P Walker, unpublished data) 

African (n —30) (partly Westernised diet) 10-12 
(A R P Walker, unpublished data) 

Canadian (n —46) 3-13 
(B F Habbick et al., 1978, personal 
communication) 

English!5 (n = 65) 3-12 
(normal) 

English! (n = 65) 3-12 


(constipated) 


(5-28) 


34 (20-48) 275 (150-350) 
29 (9-40) 45 (24-59) 165 (120—260) 
10* (8-15) — 75 (55-90) 
33 (14-96) 49 (20-101) 78 (30-205) 
26* (24-96) — at 
80* (48-168) — — 


, ACODSUpate) aa aaalllt 


*Carmine marker, radio-opaque markers were used for the rest. 
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Diverticular disease of the colon. As with constipation, 
most gastroenterologists agree that this common 
intestinal disorder is the direct result of a fibre- 
deficient diet. It is the pressures generated to propel 
unnaturally viscid content through the bowel that 
force out the diverticula.? Fibre-rich diets remove or 
alleviate symptoms in most patients and have 
reduced the number of patients requiring surgery 
by up to 90%. 


Large-bowel cancer. This is the second most common 
cause of death from cancer in the West but it is 
fairly rare in developing countries. As the faeces 
become more concentrated and are in longer 
contact with the bowel mucosa any carcinogens 
are more likely to have an effect due to these purely 
physical changes.? 


Varicose veins and haemorrhoids. The passage of 
these much harder and smaller stools necessitates the 
assistance of abdominal straining, thus increasing 
intra-abdominal pressures. These regular increases 
in intra-abdominal pressures applied to the major 
veins in the abdomen force blood retrogradely 
into the veins of the anal canal and the lower limbs. 
Such straining has been implicated as one of the 
factors in the production of varicose veins and, 
together with the strain of evacuating hard stools, 
has been implicated in the causation of haemor- 
rhoids.? ? 


Hiatus hernia. Raised abdominal pressures also 
force upwards the gastro-oesophageal junction into 
the thoracic cavity producing an anatomical change 
that constitutes a hiatus hernia.!? 


Diseases not directly related to volume of stool and 
transit time 


Diabetes. This is a rare disease in rural areas of 
developing countries. However, it is now common 
in India and in the cities of Africa, and is one of the 
first diseases to appear with the change of life 
associated with industrialisation. Diabetes is rare 
among traditionally-living people, it is very com- 
mon in affluent societies, it increases in prevalence 
after the adoption of a Western diet, and it has 
been shown to regress with a return to a diet more 
comparable to that of Third World communities — 
that is with a high content of minimally processed 
carbohydrate and a low intake of fat.!1-12 

Certain constituents of fibre, and guar gums in 
particular, increase the viscosity of intestinal 
content, thereby reducing the rate of absorption 
of nutrients from the gut. This reduces the insulin 
demands made by  fibre-depleted carbohydrate 


foods.!? Moreover clinical trials have unequivocably 
demonstrated the value of diets composed largely 
of fibre-rich, starchy carbohydrate foods.!? 


Gallstones. These are now believed to arise if there 
is an excess of cholesterol relative to the solvent 
bile acid chenodeoxycholate,!^ and therapeutically 
they can be treated by administration of cheno- 
deoxycholate derived from animal sources. The 
consumption of millers’ bran has also been shown to 
increase the production of chenodeoxycholate.!® 
Eating foods with a high-energy concentration is 
likely to be one factor in the production of obesity, 
and excessive energy intake predisposes to gallstone 
formation. 


Ischaemic heart disease. The atherosclerotic changes 
in arterial walls which are so rarely found in those 
living in developing countries start early in life in 
industrial societies. In experimental studies on small 
animals atherosclerosis is less severe during the 
consumption of diets high in crude fibre. In one of 
Morris’s studies on ischaemic heart disease a 
retrospective investigation of records showed a 
significant diminution in the condition among those 
who were eating more fibre of cereal origin rather 
than that of fruit and vegetables.!6 Although 
smoking and excessive fat consumption have received 
the most attention as contributors to the causation 
of ischaemic heart disease, evidence is accumulating 
that fibre-rich carbohydrate foods may confer some 
protection.!6 


Obesity. Since fibre provides bulk without energy 
in food it is believed to mitigate against excessive 
energy intake. Fibre-rich foods satisfy hunger more 
readily than do foods of equal calorie value deprived 
of their fibre.!? 


Discussion 


During the last two centuries there has been a 
change in Europe and whereas most deaths used to 
occur early in childhood, deaths nowadays are more 
often due to diseases we now relate to industrialisa- 
tion. In rural areas of developing countries more 
than three-quarters of the children generally lack 
adequate growth. This growth failure is due to an 
inadequate energy intake rather than to a protein 
deficiency. In the cities of these countries growth 
among the élite children is frequently similar to that 
of children in the West although it may take two or 
more generations to catch up completely. At the 
same time in these cities diseases of industrialisa- 
tion are becoming more common and unfortunately 
are causing premature deaths in those adults in 
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Figure Two lifestyles, either of which may be learnt in childhood. Diet probably has the greatest influence. 


whom the country had placed a high investment in 
education and training. There are clearly many 
factors in this change and the decrease in dietary 
fibre is but one. These changes in life style are 
summarised in the Figure. The arguments relating 
diet to disease are of particular importance to the 
paediatrician in that changes of diet, if they are to 
be effective, need to be initiated early in life not 
only because these are long-term effects but also 
because dietary change in a population is more 
easily brought about in childhood. During 5 years 
in a rural hospital in west Africa chronic constipation 
was not seen once. Most paediatricians and general 
practitioners would now consider that increase 
in dietary fibre, and particularly of cereal fibre, plays 
an important part in the prevention and thera- 
peutic management of this condition. The paedia- 
trician should consider whether this advice should 
not be given to every mother as one step in the pre- 
vention of so many diseases characteristic of our 
affluent societies. Similarly, at national level, if the 
paediatrician is to play some part in reducing the 
resources spent on these presumably preventable 
conditions, steps to increase dietary fibre intake 
through increased consumption of brown or pre- 
ferably wholemeal bread, together with fibre-rich 
breakfast cereals, are a priority. 
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Short reports 


Endotoxin in meningococcal infections 


H R TUBBS 


Department of Medicine, Ahmadu Bello University Hospital, Zaria, Nigeria 


SUMMARY 26 children with meningococcal infec- 
tions were studied to find out the relationship 
between plasma and cerebrospinal fluid levels of 
endotoxin, the clinical outcome, the level of antigen 
in plasma and cerebrospinal fluid, and indices of 
complement activation and disseminated intra- 
vascular coagulation. No association was found 
between endotoxin levels and the other factors. 
A high cerebrospinal fluid antigen level in patients 
with meningitis was associated with a poor prognosis. 


In meningococcal infections a positive correlation 
has been found between the levels of meningococcal 
polysaccharide antigen in serum and cerebrospinal 
fluid (CSF), and the clinical course of the disease. 
CSF antigen levels are generally higher in patients 
with severe neurological damage than in those 
without, but for the individual patient the association 
may not necessarily be close. In patients with 
meningococcaemia the presence of antigenaemia 
indicates a poorer prognosis, and the higher the 
antigen titre the worse the outcome.? There is no 
evidence that the polysaccharide antigen is itself 
toxic, but a possible explanation for these findings 
is that the antigen titre in the CSF and serum 
reflects the presence of other toxic meningococcal 
products, especially endotoxin. In this study the 
relationship between the antigen titres, endotoxin 
levels, serum C3 complement component, and 
fibrin degradation products (FDP) together with the 
clinical parameters of coma, hypotension, and out- 
come were examined in patients with group A 
meningococcaemia and in patients with group A 
meningococcal meningitis. 


Patients and methods 


26 patients with meningococcal disease were studied 
at the time of admission to hospital. 16 had acute 
meningococcaemia and 10 meningitis. A diagnosis 
of meningococcaemia was made by detecting 
meningococcal antigen in the serum, or, in a patient 
with fever, petechiae, and clear CSF, by a positive 


blood culture. Meningococcal meningitis was 
diagnosed by detection of meningococcal antigen 
in the CSF or by a positive CSF culture. 

10 patients with meningitis were chosen to include 
5 patients who died and 5 who survived without 
complications, whereas those with meningo- 
coccaemia were unselected. 

Endotoxin was assayed by the limulus lysate 
technique, using chloroform extraction to remove the 
inhibitor from plasma samples and gelation as the 
end-point. The method of Levin et al.? was used 
except that the plasma was rotated in chloroform 
for 6 hours, and the aqueous layer was diluted in 
pyrogen-free water to determine the final end-point, 
which was then compared with a standard Escher- 
ichia coli endotoxin concentration (Difco). CSF 
was tested without chloroform extraction. The 
sensitivity of the method was 0:0625 ng/ml in 
CSF and 0-125 ng/ml in extracted plasma. Controls 
included the CSF from 2 patients with febrile 
convulsions in whom the CSF contained no cells 
and was antigen-negative and  bacteriologically 
sterile. Inhibitory and sensitivity controls were 
also included. Meningococcal antigen levels were 
measured in the serum and CSF by counter-current 
immunoelectrophoresis.! Dilutions of CSF or 
serum were doubled and then tested against anti- 
group A meningococcal polysaccharide antiserum 
(Difco) and the end-point compared with that 
obtained with a purified group A meningococcal 
polysaccharide standard. FDP were assayed using a 
semiquantitative slide latex agglutination test 
(Burroughs Wellcome). The C3 complement was 
assayed by radial immunodiffusion; statistical 
analysis used, where appropriate, Student's 7 test 
and the Wilcoxon rank sum test, linear regression, 
and correlation coefficient. 


Results 


Meningococcaemia. The results of endotoxin, 
meningococcal antigen, C3, and FDP assays in 16 
patients with acute meningococcaemia are shown 
in Table 1, together with clinical data. The mean 
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Table 1 Clinical details, serum antigen, plasma endotoxin, serum C3, and fibrin degradation product levels from 16 
patients with acute meningococcaemia 
Case Age (years) Hypotension on Coma level Serum antigen Plasma endotoxin — C3 (94 of FDP 
admission* (0 to 44) (ng | ml) (ng/ml) normal) (ng/ml) 

Survived 

l 11 — 24- 3840 0-25 — 640 

2 9 — 2+ 960 0-5 120 2.5 

3 5 — 2+ 120 0-5 164 10 

4 8 — 1 4- 120 0-125 124 5 

5 10 d 34- <60 0-062 120 20 
Mean 8-6 2 1008 0-29 132 135 
SD 2:3 0-7 1629 0.2 21 282 
Died 

6 6 E 4 - 3840 0-5 86 2560 

7 12 + 2+ 1920 0-125 80 20 

8 3 + 4 4- 1920 0.5 70 2560 

9 8 + 3+ 960 0-5 128 10 
10 3 — 4- 960 0-5 80 — 
11 3 ~ 44 480 0-125 76 5 
12 6 - 3+ 480 0-125 108 40 
13 6 34- 240 0-125 64 20 
14 9 — 3+ <60 0-5 90 120 
15 3 T 3+ <60 0-062 124 5 
16 10 4+- < 60 0-062 100 160 
Mean 6.3 3.4 981 0-28 91 550 
SD 3.1 0-7 0-2 


serum antigen level in those who died was 98] 
(+ 477) ng/ml compared with 1008 (+ 1629) ng/ml 
in those who survived; the mean endotoxin levels 
were similarly 0-28 (+ 0-2) ng/ml and 0-29 (+ 0:2) 
ng/ml. 11 of the 16 patients died, and a poor prog- 
nosis was associated with hypotension and coma 
at the time of admission. No significant difference 
was found between the endotoxin and antigen levels 
in those who lived compared with those who died, 
and correlations between endotoxin, antigen, C3, 
and FDP levels were not found. 


Table 2. Cerebrospinal fluid endotoxin and antigen 
concentrations in 10 patients with meningococcal 





meningitis 
es? 
Case Endotoxin Antigen 
(ng/ml) (ng/ml) 
Survived 
I 0.5 <60 
2 8 <60 
3 2 60 
4 2 60 
5 8 60 
Mean 4.1 36 
SD 3.6 33 
Died 
6 8 1920 
7 32 960 
8 2 480 
9 2 480 
10 0-0625 240 


. 477 : 21 1060 
*Systolic blood pressure <60 mmHg = +. 


Meningitis. The levels of antigen and endotoxin 
present in the CSF of 10 patients with acute meningo- 
coccal meningitis are shown in Table 2. The mean 
endotoxin level in those who died was 8 (+ 13-3) 
ng/ml and in those who survived 4-1 (+ 3:6) ng/ml; 
similarly the results for mean antigen levels were 
812 (+ 672) ng/ml and 36 (+ 33) ng/ml. The mean 
levels of endotoxin and antigen were higher in those 
with a fatal outcome, but only the latter attained 
significance at the 5% level. 


Discussion 


Although endotoxin was detected in the CSF or 
plasma in all our patients, there was no clear 
association between the amount of endotoxin pre- 
sent and either the clinical course of the illness or the 
pathophysiological parameters. It is probable that 
endotoxin does play some part in the development of 
shock,? disseminated intravascular coagulation, 
and complement activation? that are present in 
patients with meningococcaemia, but if SO, it is 
not a quantitative relationship; perhaps the endo- 
toxin exerts a maximal effect at low levels. In the 
small number of patients studied, a poor clinical 
prognosis was associated with high CSF antigen 
levels in meningitis, confirming the findings of 
Whittle et al.,! but a similar relationship was not 
found in the meningococcaemic patients. 
Endotoxin was detected in the plasma of all 
meningococcaemic patients and in the CSF of all 
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the patients with meningitis. It is of interest that in 
3 of tbe bacteriologically confirmed cases of menin- 
gitis the counter-current immunoelectrophoresis 
for antigen was negative, yet a positive result to the 
Limulus test was obtained; this reaffirms the sugges- 
tion of Berman et al.® that the limulus test should 
be included in the initial assessment of patients who 
may have early or partially treated Gram-negative 
meningitis. 

The reliability of detecting endotoxin in the CSF 
of Gram-negative meningitis shown by Berman 
et al.® does not, however, obtain in the plasma of 
meningococcaemic patients, or patients with other 
Gram-negative bacteraemias.5 
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SUMMARY Metabolic acidosis in a 3-year-old child 
with short bowel syndrome led to the discovery of 
massive D-lactic aciduria. After normalisation of 
the intestinal bacterial flora, p-lactate disappeared 
together with the acidosis. Dysbacteriosis with 
excessive production of pD-lactate by intestinal 
bacteria (unidentified) and subsequent absorption 
explains this unusual cause of metabolic acidosis. 


L-lactic acidaemia is a well-known cause of 
acidosis in childhood. p-lactic acid is not normally 
present in the urine of humans and can easily be 
overlooked in cases of acidosis. 

We report the case of a child with short bowel 
syndrome in whom acidosis with an increased 
anion gap led us to the finding of p-lactic aciduria. 


Case report 


The patient, a boy born on 8 December 1975, was 
first seen in the cardiological division of our depart- 
ment at age 3 days because of transposition of the 
great vessels; a Rashkind septostomy was performed, 


later followed by a Blalock anastomosis and, at 
age 20 months, by total correction. 

At age 10 months thrombosis of the mesenteric 
vessels occurred during an attack of gastroenteritis 
with dehydration. Resection of 140 cm of the small- 
bowel, the caecum, and 3 cm of ascending colon was 
necessary. The resulting malabsorption was treated 
with dietary measures, including medium-chain 
triglycerides, restriction of disaccharides and, for a 
period of 9 months, cholestyramine. This treatment 
was supervised by the local paediatrician and had 
only partial success: height and weight increases were 
below normal. 

At age 38 months the boy was readmitted to our 
department because of attacks of 'dyspnoea' and 
drowsiness. His mother reported that he had had 
such attacks occasionally since the intestinal re- 
section but that these had increased to an almost 
daily frequency in the last weeks. On such days he 
seemed hungry, unhappy, weak, and uncertain 
in moving; subsequently he started to breathe 
deeply and became drowsy. This persisted for a 
few hours and subsided gradually. At no time was he 
comatose and he did not convulse. Increasing the 
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frequency of meals had no influence on the 
symptoms. 

similar &ttacks were noted after admission. Blood 
glucose levels were always normal. Further exami- 
nation showed pronounced signs of malabsorption 
including growth (height increase only 5-5 cm during 
the year), reduced fat absorption (71 92), low blood 
levels of vitamin D and B12 and iron, reduced 
hydroxy-proline excretion, pronounced osteoporosis 
(skeletal index 0-03952), and a bone age of only 
9 months at the wrist. Serum electrolytes showed an 
‘anion gap’: sodium 143, potassium 4-6, chloride 
104, and bicarbonate 16-4 mmol/l. Repeated blood 
examination showed varying degrees of metabolic 
acidosis, lowest pH 7:23 and lowest base excess 
—17 mmol/l. There was no ketosis. Serum L-lactic 
acid was normal. Faecal pH was only 4-3. Analysis 
of organic acids in the urine was performed by gas- 
liquid chromatography and mass spectrometry. 
A massive lactic acid excretion was detected. As the 
excretion of r-lactic acid 1n the urine already had 
been found to be only slightly increased* and no 
pyruvic acid was present in the urine, it seemed 
likely that the lactic acid was p-Jactic acid. A high 
excretion of phenyl lactic acid and 4-OH-pheny- 
lacetic acid in the urine was also noted, indicating 
abnormal phenylalanine and tyrosine absorption. 
This, together with the signs of severe malabsorption 
mentioned earlier, strongly suggested that the 
D-lactate was produced by unusual bacteria in the 
gut. We subsequently followed the urinary p-lactate 
excretion using a direct enzymatic method.* 

Bacteriological analysis of the faecal flora showed 
a poorly mixed anaerobic flora with predominance 
of Gram-positive and too few Gram-negative 
bacteria. 

In the meantime acidosis had been corrected by 
sodium bicarbonate given orally. Although this 
prevented further attacks, p-lactate-aciduria con- 
tinued. For 5 consecutive days we gave a standard 
bacterial flora called ‘Julia flora’.t This flora has 
been used for recolonisation after intestinal de- 
contamination—for example, in patients treated 
with bone marrow transplantation.) In our case 
no decontamination of the gut was performed 
before the Julia flora was given. 

After this recolonisation the faecal flora consisted 
of predominantly Gram-negative bacteria. p- 
lactate excretion fell rapidly after this change of 
intestinal bacterial composition (Table) and had 
virtually disappeared 11 days later. Bicarbonate 
administration could be stopped, acidosis did not 


*Boehringer L-lactic acid test, Cat No 139084, D(—) LDH, 
Cat No 106941, and D(—) lactate Cat No 106917 was used. 


TProvided by TNO, Delft. 


Table D-lactate excietion (mmolj24 h) 


Before gut recolonisation 20-36 
After colonisation 
4 days 0-56 
11 days 0-015 


recur, and there have been no attacks in the 9 months 
since discharge. 


Discussion 


D-lactic acid is normally not produced by humans. 
In ruminants acidosis caused by accumulation of 
absorbed p-lactic acid from the rumen is a well- 
known result of overfeeding with cereals or other 
readily fermentable carbohydrates.? In our patient 
an increased anion gap made us consider organic 
acidaemia. Urine analysis for organic acids, which 
is routine in such circumstances, led to the diagnosis. 
Although we did not measure the blood levels of 
D-lactate there is little doubt that the acidotic attacks 
were due to this acid which cannot be metabolised 
in humans. 

We suggest that the following series of events 
occurred: a relatively large amount of carbohydrates 
reached the colon leading to a lowering of the local 
pH. In such circumstances there could be an abun- 
dant overgrowth of unusual bacteria — for example, 
the ‘lactic acid bacteria’. Some species of this group 
can produce not only r-lactic acid but also D- 
lactic acid. 

The restoration of normal intestinal flora and the 
correction of intestinal pH would then explain 
the rapid disappearance of p-lactaturia, although it 
was not feasible to identify the species which produced 
this acid. No chemotherapeutic decontamination of 
the bowel was used, but the gut was recolonised 
with normal faecal flora. No special dietary measures 
were taken. 

Recently a similar case of p-lactate acidosis was 
described in a 30-year-old man with short bowel 
syndrome.? The assumed dysbacteriosis was treated 
successfully with neomycin. We know of only one 
other report of p-lactic aciduria* and this was in a 
mentally retarded child. However, the amount of 
D-lactate excretion was very much lower than in our 
patient and no acidosis was present. The child did 
not have intestinal disease and a bacterial origin of 
the p-lactate could not be proved. 
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SUMMARY The rare combination of oedema, 
hypoproteinaemia, and anaemia as a presenting 
feature of cystic fibrosis in dizygotic twins of 
opposite sex is described. The features of this 
syndrome together with pathogenesis, treatment, and 
prognosis are discussed. 


Cystic fibrosis seldom affects both members of a 
dizygotic twin pair. This paper reports twins of 
opposite sex with the unusual presentation of 
hypoproteinaemia, anaemia, and oedema. 


Case report 


Dizygotic twins were born by vaginal delivery to a 
29-year-old white primigravida after an uneventful 
pregnancy and labour. Their estimated gestational 
age was 37 weeks. The first twin was a boy weighing 
2:46 kg, and the second a girl weighing 1-98 kg. 
Both were breast fed with occasional supplements of 
cows’ milk (SMA Gold Cap). Weight gain was slow 
despite voracious appetites and satisfactory calorie 
intakes. Screening tests to exclude infection and 
metabolic errors showed a urinary infection in twin 1. 
Treatment produced no improvement. The twins 
were discharged at 4 weeks; it had been noted that 
they cried excessively and did not settle after feeds. 
At discharge their respective weights were 2-52 and 
2:38 kg. Assessment at 7 weeks showed minimal 
weight gain (Figure); physical examination was 
normal. 

At 9 weeks admission was precipitated by the 
development of anasarca and pallor. On examination 
each twin was pale and had generalised pitting 
oedema. With the exception of slight jaundice no 
other abnormality was noted. Blood pressures 
were normal. There was no proteinuria. Investi- 
gations showed anaemia and hypoproteinaemia; 
both twins were transfused. The results of investi- 


gations are shown in the Table. The consistent 
increase in sweat chloride concentration together 
with absent faecal trypsin led to the diagnosis of 
cystic fibrosis. Chest x-rays were normal. Chromo- 
some analysis was 46 X Y (twin 1) and 46 X X (twin 
2). 

13 weeks after birth treatment with pancreatic 
extract (Pancreatin BP) and flucloxacillin was 
begun. The formula (SMA) used to supplement 
breast feeding was replaced by a high protein 
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Table Jnyestigations on admission at 9 weeks 





Twin 1 Twin 2 
Bilirubin Gimol/i) 
total 129 140 
indirect 99 120 
Alkaline phosphatase QUN) 279 301 
Aspartate transaminase (TU/I) 47 54 
Alanine transaminase (1U/1) 44 46 
Sweat chloride (mmol/1) 106 108 
89 93 
80 99 
Haemoglobin (g/dl) 6-3 7.5 
Reticulocytes (%) 4 5 -= 
Total plasma protein (g/l) 9 45 


Serum albumin (g/1) 23 23 
Urine protein Negative Negative 
Stoal occult blood Negative Negative 





Conversion SI to traditional umts—biirubin: 1 pmol/l = 0-0585 mg/ 
100 ml. 


formula (Prosol followed by Galactomin 17). 
Loss of oedematous fluid led to a slight reduction 
in weight initially, but this was soon followed by a 
steady gain. They cried less and settled into a regular 
feeding routine. Haemoglobin, protein, and bilirubin 
values returned to normal and eventually the high 
protein formula was stopped. Subsequently both twins 
developed respiratory symptoms; however when 
last seen aged 2 years they were thriving with weights 
between the 10th and 50th centiles (Figure). 


Discussion 


The combination of hypoproteinaemia, oedema, 
and anaemia is an uncommon presentation of cystic 
fibrosis. 81 cases have been reported and these 
include only 2 reports of this syndrome in each of 
identical twins. This seems to be the first report of 
twins of opposite sex. The rarity can best be ap- 
preciated by estimating the incidence of cystic 
fibrosis in twins. The frequency of monozygotic 
twinning is about 3 per thousand pregnancies, 
dizygotic twinning occurring 2-3 times more often 
in Caucasians. Based on the assumption that 1 in 22 
Caucasians are cystic fibrosis carriers (hecerozygotes), 
we calculated that after random mating the chance of 
monozygotic twins with cystic fibrosis would be 
about 1 in 0-6 million pregnancies; conversely the 
chance of dizygotic twins with cystic fibrosis would 
be about 1 in 0:75 to 1:25 million pregnancies. 
Oedema within the first 3 months may be suffi- 
ciently severe to produce shock.! Despite a good 
appetite and adequate calorie intake there is usually 
poor weight gain before the development of oedema. 
The syndrome has been reported in breast-fed 
infants more often than those fed cows' milk formula 
and it is suggested that the lower protein content of 
human compared with cows' milk predisposes to 


hypoproteinaemia if malabsorption already exists.? 
It remains to be seen whether this presentation 
of cystic fibrosis will become more common with 
the widespread use of low protein modified cows' 
milk. 

The precise aetiology of hypoproteinaemia is yet 
to be established. It may be that the milk intake is 
insufficient to compensate for the protein loss due to 
malabsorption. It has been established that there 
is no leakage of protein into the gut. Liver dys- 
function is unlikely to be the cause as liver function 
tests and biopsy may be normal! and, if abnormal, 
there is a rapid reversion to normality with a change 
in diet and correction of the hypoproteinaemia.1-^ 
The cause of anaemia in this syndrome is also not 
clear. The anaemia is normochromic, normocytic, 
and nonhaemolytic. Vitamin E deficiency is usually 
present in cystic fibrosis and produces a haemolytic 
anaemia; it is therefore unlikely to be a contributory 
factor. Shahidi et al. attributed the anaemia to 
protein deficiency which led to a reduced iron- 
binding capacity and, in turn, to a low serum iron 
concentration. However, Paxson and Lock? found 
a normal serum iron level with increased deposition 
of iron in the marrow, suggesting a defect in haemo- 
globin synthesis rather than insufficient iron 
transport. The introduction of a high protein 
diet is rapidly followed by a reticulocytosis and a 
rise in haemoglobin value.? 

Where there is oedema, the diagnosis of cystic 
fibrosis is best made by pancreatic enzyme assay as 
sweat test results may be unreliable.? Ín this case it 
was felt that duodenal intubation was not justified 
in view of the classical clinical picture and persistent 
increase in sweat chloride after the oedema had 
gone. Treatment consists of high protein diet and 
pancreatic extract, which initially produce loss of 
oedema and subsequently a weight increase. Recent 
reports suggest that provided appropriate treatment 
is given early, these patients improve and thrive as 
well as those presenting in more conventional ways 
during infancy. 


We thank Mrs J Doyle for typographical assistance. 


References 


1 Paxson C L, Jr, Lock J L. Letter: Idiopathic hypo- 
protemnemia in twins. JAMA 1974, 230: 1257-8. 

? Bass N H, Miller A A Cystic fibrosis presenting with 
anemia and hypoproteinemia in identical twins. Pedia- 
trics 1977; 59: 126-7. 

? Lee P A, Roloff D W. Hypoproteinemia and anemia in 
infants with cystic fibrosis’ presenting symptom complex 
often misdiagnosed. In: Gellis S S, ed. Yearbook of 
Pediatrics. Chicago: Year Book Medical Publishers, 
1975: 209-10. 


814 Blumenthal and Fielding 


4 Dolan T F, Jr. Rowe D S, Gibson L E. Edema and 
hypoproteinemia in infants with cystic fibrosis. Clin 
Pediatr (Phila) 1970; 9: 295-7. 

5 Lee P A, Roloff D W, Howat W F. Hypoproteinemia 
and anemia in infants with cystic fibrosis. JAMA 1974; 
228: 585-8. 

6 Shahidi N T, Diamond L K, Shwachman H. Anemia 


associated with protein deficiency. A study of two cases 
with cystic fibrosis. J Pediatr 1961; 59: 533-42. 

7 MacLean W C, Jr, Tripp R W. Cystic fibrosis with edema 
and falsely negative sweat test. J Pediatr 1973; 83: 86-8. 


Correspondence to Dr I Blumenthal, Department of Paedia- 
trics, St James University Hospital, Leeds LS9 7TF. 


Porencephalic cysts after amniocentesis 


S YOUROUKOS, F PAPADELIS, AND N MATSANIOTIS 


First Department of Paediatrics of Athens University, Aghia Sophia Children’s Hospital, 


Athens, Greece 


a aaaaaaaaaaaaaaaaaaalalalalalalalalasusssssslslaltltltltltltltlllllllllMMlMll 


SUMMARY An infant with porencephalic cysts 
associated with midtrimester amniocentesis is 
reported. CNS anomalies after amniocentesis have 
not been reported in live neonates. 
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Midtrimester amniocentesis can be a helpful 
diagnostic procedure, but several complications 
have been reported.! An injury to the fetus is rare but 
such injuries have included skin scars, bowel obstruc- 
tion, ileocutaneous fistula, cardiac tamponade, 
laceration of the spleen, ocular trauma, pneumo- 
thorax. cord haematoma, fetal haemorrhage, and 
limb deformity. 


Case report 


A 5-month-old girl was seen because of unusual eye 
movements. Both parents were @-thalassaemia trait 
carriers but were otherwise healthy. Amniocentesis 
was performed in the 18th week of gestation to find 
out the haematological status of the fetus. Placental 
aspiration was uneventful. An 18 gauge needle with 
trochar was used and several specimens of fetal 
blood were obtained from the placenta. Haemato- 
logical examinations indicated that the fetus was 
normal. 

The baby was delivered at term by caesarean 
section because of fetal distress. She was cyanotic 
at birth and required resuscitation. Birthweight 
was 3:2 kg. Since birth frequent, rapid, jerky move- 
ments of her eyes have been noticed, lasting 3 to 4 
seconds. On examination the infant was alert and 
smiled responsively. Two small (8 x 5x5 mri) 
subcutaneous nodules were noticed, one in the right 
posterior temporal area and the other in the right 
occipital area. Both nodules were present at birth. 
The anterior one was hard and painless with scar 
tissue on the overlying skin. The posterior one was 





painful and on the overlying skin there was a 
narrow sinus surrounded by scar tissue. A slight 
bloody discharge was produced from this sinus 
during the first days of life. Head circumference 
was 41 cm (25th centile). There was a moderate 
plagiocephaly. Transillumination of the skull showed 
an area of increased transillumination over the right 
occipito-temporal area. No optokinetic nystagmus 
could be produced and the patient had a probable 
left visual field defect. Fundi were normal. There 
were frequent, jerky, vertical eye movements, lasting 
3 or 4 seconds, and resembling opsoclonus (dancing 
eyes). These movements were not accompanied 
by any movement of the trunk or limbs. The patient 
controlled her head well, but there was a significant 
degree of torticollis. She also had a slight left hemi- 
paresis. 





Figs 1 and 2. 
extensive cerebral defects on the right hemisphere. 


CT scan of the patient's head showing 


Chest x-ray, intravenous pyelogram, and urine 
vanylmandelic acid were normal. Electroencephalo- 
gram showed asymmetry with slow-waves over the 
right occipito-temporal area. A computerised 
tomography (CT) scan showed extensive defects 
of the right occipital and temporal lobes compatible 
with porencephalic cysts (Figs 1 and 2). 


Discussion 


No central nervous system malformations associated 
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with amniocentesis have been reported in live 
newborn babies. Subdural haemorrhage and damage 
of brain tissue caused by amniocentesis has been 
found at necropsy in a stillborn baby. The 
presence at birth of the 2 subcutaneous nodules over- 
lying the cerebral defects suggests that the amnio- 
centesis needle might have been responsible for the 
brain lesions. The mechanism of porencephalic cyst 
formation is not clear. Intracerebral haemorrhage 
however, could have led to cyst formation. 
Although second trimester amniocentesis appears 
to be a fairly safe procedure, it can lead to serious 
fetal trauma,? although it is rare. It is obvious that 
the rare complications do not outweigh the value 
of amniocentesis in prenatal diagnosis of 6-thalas- 
saemia.* This is particularly true in countries such as 
Greece where §-thalassaemia trait is common. 
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SUMMARY Three infants are reported who developed 
zluteal skin necrosis as a result of umbilical arterial 
:atheterisation. It is important to examine the 
outtocks and back of every baby catheterised, so 
hat early remedial action can be taken. 

j——— ELE 


indwelling umbilical arterial catheters are used 
'xXtensively in neonatal intensive care. Originally 
hey were inserted for the purpose of arterial blood 
ampling and the infusion of fluids, but their use has 


been extended to include the continuous measure- 
ment of arterial Po, and blood pressure. It is well 
known that umbilical arterial catheterisation is 
associated with ischaemic complications as a result 
of thrombosis, embolism, or arterial spasm.! I 
report 3 cases of an unusual complication—gluteal 
skin necrosis. 


Case reports 


Case 1. A boy of 27 weeks' gestation weighing 820 g 
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developed recurrent apnoeic spells which were 
treated initially with oxygen, and then with intuba- 
tion and mechanical ventilation. At age 8 hours a 
3-5 FG Argyle catheter was inserted into the right 
umbilical artery without difficulty. Arterial blood 
was easily obtained and an x-ray showed the tip 
to be in the aorta at the level o? L3. Six hours later 
extensive discoloration of the whole of both buttocks 
and lower back up to the level of L2 was observed 
and the catheter was removed immediately. However, 
the skin became gangrenous; the baby was managed 
conservatively without skin grafting. Eight months 
later he has loss of subcutaneous fat and some skin 
scarring over both buttocks, but no evidence of 
sciatic nerve involvement. 


Case 2. A 1:10-kg boy of 32 weeks' gestation devel- 
oped recurrent apnoeic spells. He was given oxygen 
initially but later required mechanical ventilation. 
A 3-5 FG catheter was inserted into the left umbilical 
artery 2 hours after birth when the baby was well. 
An x-ray showed the tip of the catheter to be at 
L3-L4 level. The buttocks were inspected 30 min 
after insertion and a small area of ischaemic skin 
was present over the left buttock and left upper outer 
thigh. The catheter was removed immediately and 
there was complete healing in a few days without 
scarring. 





Fig. 1 (Case 3). Evidence of left gluteal and lower 
back skin necrosis. Complete healirg took place 
within 10 days. 


Case 3. A 1-10-kg girl of 28 weeks’ gestation devel- 
oped severe hyaline membrane disease shortly after 
birth. A 3:5 FG catheter was inserted into the left 
umbilical artery at age 23 hours. An x-ray showed the 
catheter tip to be situated in the aorta at the level of 
L2. 45 minutes after insertion there was extensive 
superficial skin necrosis covering most of the left 
buttock and small patchy areas on the left lower 
back (Fig. 1). The catheter was removed at once and 
within a few days there was complete healing without 
scarring. 


Discussion 


There are many reports of the vascular hazards of 
umbilical arterial catheterisation—such as renal 
artery thrombosis, superior mesenteric artery 
thrombosis, or lower limb ischaemia.? The suggested 
sites for placement of the catheter tip are the lower 
abdominal aorta below the renal and mesenteric 
vessels, or just above the diaphragm in the thoracic 
aorta. In these three infants of very low birthweights, 
the aim was to place the catheter tip in the lower 
aorta. The position was checked by x-ray after 
insertion. In Cases 1 and 2 the catheter tip was in a 
good position at L3 level, in Case 3 it was higher at 
the level of L2. All three catheters were removed 
because of gluteal skin necrosis. 

The blood supply to the skin of the upper thigh, 
buttock, and sciatic nerve is derived from the 
inferior gluteal artery. The superior gluteal artery 
supplies part of the lower back. These arteries may 
have been obstructed by thrombosis, embolism, or 
vasospasm caused by insertion of a catheter; 
alternatively the origins of these vessels might have 
been directly occluded by the catheter itself (Fig. 2). 
The fact that in Cases 2 and 3 the gluteal skin 
necrosis was on the same side as the umbilical 
artery which was catheterised supports this idea. 
In Case 1 the necrosis was bilateral and much more 
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Fig. 2. Relationship between umbilical artery and 
gluteal arteries. 
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extensive. The ischaemia could not have been 
caused by direct occlusion of the gluteal vessels, 
but may have resulted from thrombosis in the lower 
aorta with embolism to both internal iliac vessels. The 
catheters used were the smallest available but all three 
babies were of very low birthweights. 10% dextrose 
with heparin (500 units in 500 ml) was slowly 
infused through the catheter in each case and no 
drug or other fluid was given. 

This complication of umbilical arterial catheteri- 
sation has not been widely reported. Cutler and 
Stretcher reported a baby with skin lesions similar 
to the lesions of these three infants, 2 days after 
catheter removal.? Sciatic nerve damage and gluteal 
necrosis were reported in one baby after placement 
in the internal iliac artery and injection of multiple 
drugs, including 25% dextrose.* Occasionally an 
aberrant umbilical artery results in placement of the 
catheter in an end artery—such as the internal 
pudendal artery—-causing perineal skin necrosis. 
One baby of a diabetic mother has been reported 
with gluteal skin necrosis.® It is known that poly- 
cythaemia and thrombosis are more common in 
such infants. 

Gluteal skin necrosis in Cases 2 and 3 was diag- 
nosed early because the buttocks and back were 
inspected routinely shortly after umbilical arterial 
catheterisation. The catheters were removed at 
once and there was complete healing. Babies who are 
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ill and require ventilatory support are generally 
nursed supine so that the buttocks and back are not 
visible. If an umbilical artery catheter has been 
inserted the nursing staff should inspect the baby's 
buttocks and back regularly for skin discoloration, 
in the same way that they look for signs of ischaemia 
on the baby's legs. Jf discoloration is discovered, the 
catheter should be removed at once. 


I thank Dr N Rutter for help. 
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SUMMARY Experiments are described which show 
that vernix caseosa has a mechanical barrier effect 
if ıt is deposited in an unbroken layer. Specific 
antibacterial properties were not detected in vernix. 
It is suggested that vernix is best left on a newborn 
infant because of its mechanical obstruction to 
bacterial passage. 


The nursing care of newborn infants varies from 
place to place and there has been discussion whether 
washing off vernix exposes the skin of newborn 
babies to infection through removal of a substance 
that may have antibacterial activity. Older studies 
were in favour of preserving vernix on a newborn 


- 


baby for its ability to retain heat, especially in 
premature infants, and for its anti-inflammatory 
properties.? Reports on the antibacterial properties 
of vernix are confined to investigations by Lubinski 
and Benjamin,? and Sprunt and Redman‘; neither 
investigation overcame the difficulty of evenly 
exposing the bacteria to vernix. 

This study was undertaken to determine whether 
better methods of exposing bacteria to vernix would 
give different results. 


Materials and methods 


Vernix was collected from 9 African babies born 
in the department of obstetrics at Mulago Hospital, 
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Kampala. Within a few minutes of birth as much 
vernix as possible was scraped from the skin with a 
sterile wooden spatula held in hands covered by 
sterile rubber gloves. It was put into a sterile glass 
Petri dish and was either used immediately or after 
overnight storage at 49C for the preparation of 
three culture media. 


Vernix agar. Nutrient agar (Oxoid) in screw-capped 
bottles was melted at 60°C and 10% mass/vol of 
vernix was added. When the vernix had melted and 
mixed with the agar, the medium was poured into 
Petri dishes and allowed to solidify. Incubation at 
379C overnight showed that vernix agar prepared 
„in this way was sterile. 


Pure vernix medium. Vernix was spread with a 
sterile wooden spatula on to a circle of sterile 
filter paper in an unbroken layer about 4 mm thick 
and put into a Petri dish. It was not sterilised. 


Vernix broth. Vernix is a fatty substance which is 
insoluble in water-based liquid medium. From 
preliminary experiments it was found that vernix 
added to 1097 Tween 80 would give a fine suspension 
after vigorous shaking. The concentration of vernix 
used was 2:5% mass/vol. 


Test organisms, These consisted of one strain each of 
Staphylococcus aureus and Escherichia coli isolated 
from newborn babies in Mulago Hospital. All 
inoculations were made from 5-hour broth cultures 
of the organisms. 


Bacterial growth rates. These were determined as 
follows. The test organisms (0-2 ml of 5-hour 
culture) were inoculated into vernix broth and 
nutrient broth and incubated at 379C. Every two 
hours for 10 hours and finally at 24 hours, the 
bottles were shaken and samples removed for the 
determination of bacterial counts using the method 
of Miles et al. 

The rate of bacterial growth 1n these cultures was 
indicated by the mean generation time (G) which 
is the mean time from one cell division to the next. 
It was determined by plotting the logarithms of 
bacterial colony counts against time and applying 
the formula? 


G = (t, — tj) log 2/(log b — log a) 


where G — mean generation time, t, — time at 
start of log phase of growth, t, — time at end of log 
phase of growth, a = bacterial colony count at t, 
b = bacterial colony count at to. 


Results 


Mechanical protection. The filter paper covered with 
pure vernix was placed on the surface of a nutrient- 
agar culture plate with the vernix uppermost, and 
the vernix was inoculated with drops of S. aureus 
and E. coli. After overnight incubation the filter 
paper and vernix were removed and the surface of 
the agar was found to be sterile. Similarly, bacterial 
growth was not found on the agar plates if the 
filtrer paper was soaked in vernix dissolved in ether, 
evaporated to dryness, placed on the culture plate, 
and inoculated with bacteria. 


Antibacterial action. To determine whether organisms 
collected by babies during parturition survive on 
vernix, loopfuls of fresh vernix were inoculated on to 
blood agar and MacConkey agar plates and into 
meat broth. These cultures yielded a moderately 
heavy growth of S. aureus and Streptococcus 
faecalis. 

Vernix placed in the middle of blood agar plates 
which had been flooded with broth cultures of 
either S. aureus or E. coli did not inhibit bacterial 
growth. Both organisms grew equally luxuriantly 
on vernix agar and control nutrient agar from heavy 
and light inocula. When inoculated on pure vernix 
the test organisms survived and inhibitory activity 
was not demonstrated. 

Mean generation times and bacterial colony 
counts at the end of 24 hours showed no significant 
antibacterial effects of vernix on the test organisms 


(Table). 
Discussion 


Lubinski and Benjamin? attempted to demonstrate 
an antibacterial effect by mixing vernix with Coryne- 
bacterium diphtheriae and applying the mixture to 
scarified skin of guinea-pigs. All the guinea-pigs 
died after 7 days with classical diphtheritic lesions' 
and it was concluded that vernix did not prevent 
invasion of skin by bacteria. In another experiment* 
contact cultures from washed and unwashed babies’ 
chests showed no difference in colony counts. It 
was concluded that vernix in situ did not protect 
infant skin from bacteria. The possible effect of 


Table Effect of vernix broth on growth of Staphylococcus 
aureus and Escherichia coli 





Culture medium Mean generation Colony count at 24 
time (mun) hours 


S aureus E. colt S aureus E.coli 


Plain broth 
Vernix broth 


14-1 
14.8 


10-7 
10-2 


2 Tx107 
1-8x 107 


3 7x109 
3-5x109 





vernix as a mechanical barrier was neglected in 
both these studies. The experiments reported here 
suggest that vernix has a mechanical barrier effect 
when deposited in an even layer. 

In the in vitro experiments, Lubinski and Benjamin? 
mixed broth with vernix, which left the vernix in 
clumps, and inoculated the mixture with either 
S. aureus or E. coli; while Sprunt and Redman* 
smeared vernix to the inside of a series of test-tubes 
and filled them with a suspension of either S. aureus 
or E. coli in saline. Only one surface of the vernix 
was therefore exposed to the bacteria. In both 
experiments the exposure of bacteria to the vernix 
was uneven. 

In the present experiment an even contact of 
vernix with the inocula was achieved by emulsi- 
fication of vernix in Tween 80. 

Our method of measuring the rate of bacterial 
growth by calculation of mean generation times 
from serial bacterial colony counts is likely to be 
more sensitive for assessing lesser degrees of inhibi- 
tory activity. However, even by this method, no 
antibacterial activity was shown. 

It is concluded that vernix deposited experimen- 
tally in an unbroken layer forms a mechanical 
barrier through which bacteria do not pass. It is 
therefore probably advantageous to leave the 
naturally acquired vernix on an infant's skin. 
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Moreover, vigorous removal of vernix often results 
in erythema and skin damage with the liability to 
infection of the skin. 


I thank Dr B M Laurance for suggesting this investi- 
gation, and Dr R Blowers, Professor R. R. Trussel, 
Professor J R Pattison, and Dr I Janota for help. 


'This work was supported by the Stockholm Students 
Foundation and was performed during the third 
year medical studies. 
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Epidemiological association with Reye’s syndrome. 
M H Bellman, E M Ross, D R Coid, N S B Rawson. 
Department of Paediatrics and Community Medicine, 
Middlesex Hospital Medical School, and Horace 
Joules Hall, Central Middlesex Hospital, London. 


The National Childhood Encephalopathy Study is a 
3-year investigation into epidemiological factors 
associated with acute neurological disorders in 
children aged from 2 months up to their 3rd birthday. 
All paediatricians in England, Scotland, and Wales 
were asked to notify cases admitted to hospital with 
a defined group of clinical conditions. 

Of 48 cases notified as Reye's syndrome, recognised 
diagnostic criteria were fulfilled in 37. The sex ratio 
was equal and the mean age at onset was 12 months. 
17 (46%) patients died in the acute illness, and of 34 
followed up for one year, 11 (30%) were severely 
handicapped, and 6 (16%) were apparently normal. 
23 (62%) children had evidence of an intercurrent 
infection 1mmediately preceding Reye's syndrome 
and in 2 a virus was identified. 

The mean birthweight for boys was 3236 g, and 
that for girls 3112 g. Birthweights of matched 
controls were 3244 g and 3315 g respectively. 15% 
of the patients had been breast fed for at least 4 
weeks compared with 30% of the control subjects. 

The diagnosis of Reye's syndrome is often difficult 
and its aetiology remains unknown. It 1s a multi- 
system manifestation of disorder rather than a 
distinct disease entity. It affects previously well 
children and generally has tragic consequences. 


Does methotrexate impair its absorption in children 
with acute lymphoblastic leukaemia? C R Pinkerton, 
J F T Glasgow, J M Bridges, G Welshman. Depart- 
ment of Child Health and Department of Haema- 
tology, Queen’s University of Belfast, and Depart- 
ment of Clinical Chemistry, Belfast City Hospital. 


Methotrexate (MTX) is an important drug in the 
maintenance phase of management of acute lympho- 
blastic leukaemia. It is known however, to affect 
small gut structure and function! which may impair 
drug absorption and perhaps shorten remission. 
Moreover it has been suggested that certain children 


absorb MTX poorly? and in a recent study by us 
of 30 children with acute lymphoblastic leukaemia, 
6 were found to reach peak levels lower than 5 x 107? 
molji. 

To study the association between therapy and 
absorption, 4-hour MTX absorption profiles were 
determined on 6 children on the 1st and 5th days of 
treatment with MTX. In accordance with a strict 
protocol, while recumbent in hospital, fasting, and 
on no other therapy, MTX levels were measured by 
EMIT immunoassay. Simultaneously a _ 1-hour 
p-xylose test was carried out. 

Our findings showed no significant differences in 
the absorption profile between the Ist and 5th days 
and although p-xylose malabsorption was demon- 
strable on day 1, it was not significantly greater on 
day 5. 

We conclude that the acute effect of MTX on the 
gut does not affect MTX absorption. 
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Patients’ and parents’ understanding of sickle cell 
anaemia—results of a questionnaire. N Murtaza, 
A Muller, C E Stroud. Department of Child Health, 
King’s College Hospital, London. 


Education is an essential part of the follow-up of any 
chronic illness. A study was designed to assess under- 
standing of the disease at a children's sickle cell 
anaemia clinic in south London. 56 subjects (25 
patients and 31 parents) answered 51 questions about 
clinical and genetic aspects of the disease, basic 
physiology, and their attitudes to sickle cell anaemia. 

Answers were graded and statistically analysed. 
Knowledge of physiology relating to sickle cell 
anaemia was disappointing, while the level of 
understanding of the genetic aspects was more 
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encouraging, with over 70% correct responses. The 
factor which most influenced understanding was 
severity of the disease; but age, type of sickle 
disorder, number of years since diagnosi, and 
whether or not biology education had been received 
at school, influenced the replies too. Understanding 
was not affected by gender. 

As a result of this study, measures to improve 
understanding will be introduced at our clinic. An 
illustrated booklet is being prepared and we have 
resolved to simplify our explanations of the disease 
still further, avoiding the use of unfamiliar words. 
The effect of these measures will be assessed in a 
repeat questionnaire. 


Intraventricular haemorrhage in the neonate: a pro- 
spective study using real-time ultrasound. M I Levene. 
Department of Paediatrics and Neonatal Medicine, 
Institute of Child Health, Hammersmith Hospital, 
London. 


Visualisation of intracranial structures with diagnosis 
of haemorrhage by real-time ultrasound has been 
shown to be a powerful noninvasive method for 
studying neonatal cerebral pathology. A scan can be 
performed rapidly in the incubator with little 
handling, even in the smallest preterm neonate. 
Information on dilatation of cerebral ventricles and 
haemorrhage may be obtained. 

A. systematic method is described for scanning a 
baby's head, and a comparison is made between 
linear array and mechanical sector real-time scanning. 

In a retrospective study of 50 infants admitted 
consecutively to Hammersmith Hospital neonatal 
unit, intraventricular haemorrhage (IVH) was found 
in 18 (36%). The infants included 10 (43 %) out of 23 
of birthweights «1500 g and 3 27%) out of 11 of 
birthweights 1501—2000 g. An unexpected feature 
was the presence of IVH in 5 of the 13 infants above 
2000 g birthweight. On sequential daily scans IVH 
was diagnosed most frequently in the first 2 days of 
life, and abnormal echoes often persisted for up to 
12 days. 


Does the pattern of ventilation determine the degree 
of lung damage after intensive care of the newborn? 
M J Robinson, C Maayan, F G Eyal, Y Armon, 
S Godfrey. Department of Paediatrics, Hadassah 
University Hospital, Mount Scopus, Jerusalem, 
Israel. 


The lung damage associated with mechanical ventila- 
tion (IPPV) has been variously ascribed to oxygen 
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toxicity, ventilation damage, or to persistence of the 
original disease. 

Lung function studies were performed on 14 
infants 22-67 weeks after undergoing IPPV using the 
whole body infant plethysmograph, and on 5 infants 
of comparable size who had received continuous 
positive nasal pressure (CPNP). The ventilated 
infants had increased airways resistance (P 0:01) 
and decreased specific airways conductance 
(P<0-001) compared with the CPNP-treated group. 
There was no relationship between peak respiratory 
pressure and its duration, the level of CPNP and its 
duration, or the length of time for which more than 
60% oxygen had been given. The degree of lung 
damage was not related to the maximum ventilation 
frequency used but was related to the duration of 
rapid frequency ventilation (P<0 025). 

This study supports the concept that barotrauma 
is a major factor in the aetiology of lung disease 
after neonatal intensive care 


Neural tube defects, the trophoblastic rest hypothesis, 
and spontaneous abortions. T J David, Caroline M 
Smith. Booth Hall Children's Hospital, Manchester. 


It has been suggested that residual material from a 
spontaneous abortion may interact unfavourably 
with the fetus in an immediately succeeding preg- 
nancy and cause neural tube defects (the tropho- 
blastic rest part of Knox's fetus-fetus interaction 
hypothesis).! A recent study? suggested that there 
might be a 4-fold increase in congenital malforma- 
tions in the pregnancy after a spontaneous abortion. 
It was felt that this supported the rest hypothesis. 
This increase in malformations applied to non- 
neural tube defects as well, and was on a scale far 
higher than had been suggested. 

We studied a cohort of women whose final delivery 
at the Bristol Maternity Hospital was in 1969 and 
1970, and there were 2625 informative pregnancies. 
The rate of malformations was the same whether a 
pregnancy followed a normal pregnancy or a spon- 
taneous abortion. However, the rate of abortions 
after a preceding abortion was increased more than 
2-fold. 

12 of the 30 cases of neural tube defects were first 
pregnancies, and in 13 of the 18 cases in which there 
had been a previous pregnancy the previous preg- 
nancy was normal. To fit the trophoblastic rest 
hypothesis one would have to presuppose an unde- 
tected previous spontaneous abortion in these 25 
cases. 

These results in general do not support the 
trophoblastic rest hypothesis. 
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Measurement of flow resistance in various devices for 
administration of CPAP in neonates. W T Houlsby, 
G Russell, A A Hutchison, D J Lloyd. Department 
of Child Health, University of Aberdeen, and 
Aberdeen Maternity Hospital. 


A paper by Goldman ez al.' drew attention to the 
increased respiratory resistance imposed by the use 
of the Argyle* CPAP nasal cannula which results in 
increased respiratory work. 

We studied Argyle cannulas in our laboratory and 
found that the resistance to airflow was about twice 
that of the normal neonatal nasal airways resistance? 
and that this resistance varied according to the 
cannula, being increased in some more than 2-fold 
if the plastic connector was pushed firmly into the 
soft nasal adaptor. 

We compared the resistance of Argyle CPAP nasal 
cannulas with that of other commonly used devices— 
such as Portex* endotracheal tubes, and twin nasal 
CPAP cannulas of varying diameters and lengths, 
and a nasal adaptor of our own design used for 
pulmonary function tests in the newborn. 

The flow resistance in endotracheal tubes and twin 
nasal CPAP cannulas is equal to, or higher than, 
that in Argyle cannulas, but much lower in the 
Aberdeen nasal adaptor. 

The findings have important implications in the 
choice of method of delivering CPAP to neonates 
whose reduced pulmonary compliance necessitates 
increased respiratory effort. 
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Child poisoning and child abuse. J R Sibert, J F 
Murphy. Llandough Hospital, Penarth, South 
Glamorgan, Wales. 


Birth factors that might indicate children to be at 
risk from nonaccidental injury have been studied 
before. However, indicators after birth have been 
difficult to assess. We studied the medical records 
of 80 children under 5 years on the South Glamorgan 
Child Abuse Register who had been admitted to 


hospital for poisoning before the episode of non- 
accidental injury. We compared these children's 
records with the records of 80 control children 
matched for age and sex from the Cardiff Birth 
Survey. 

10 of the 80 abused children had had poisoning 
episodes compared with 2 of the controls. This 
difference was significant (P —0-05). 

Although nonaccidental poisoning is recognised 
as a type of child abuse, we believe these episodes 
were not deliberate but accidental and indicated 
family stress. This is further evidence that child 
poisoning may be an important symptom of family 
problems. 


Physiological abnormality in early adult life in a 
group of randomly selected asthmatic children. 
A J Martin, L McLennan, R Erben, L I Landau, 
P D Phelan. Royal Children's Hospital, Melbourne, 
Australia. 


277 graded asthmatics and 65 control subjects, 
randomly taken from the Melbourne school popula- 
tion in 1963 and 1964, attended for detailed assess- 
ment, as young adults, in 1978 and 1979. 

Spirometry, including FEF;; ;; static lung 
volumes, maximum expiratory flow volume curves, 
and single breath nitrogen manoeuvres were per- 
formed on these subjects during a period when each 
was symptomatically well. 

FEF,. ., and the slope of the alveolar plateau, 
measured from the single breath nitrogen test, were 
found to be the most sensitive indices of lung function 
abnormality in early adult life. Of the group that 
had had mild infrequent wheezing in childhood, 
half of them were now indistinguishable from the 
control group and the remainder had only slight 
abnormalities. Grades with continued wheezing 
to adult life were readily distinguishable from the 
control group, and those with persistent wheezing 
had a greater degree of physiological abnormality 
than those with episodic wheezing at 21 years of age. 

More than 80% of the children with active 
wheezing at 14 still had symptoms in early adult life 
but spirometric indices showed significant improve- 
ment. 


Duodenal ulceration in children in the west of 
Scotland: a 10-year review (1968-78). R B Thomson, 
R Carachi. Royal Hospital for Sick Children, 
Glasgow. 


[n order to assess the incidence of duodenal ulcera- 
tion in children, and the long-term morbidity with 


present management, we have reviewed the case 
records of all children diagnosed in this hospital as 
having duodenal ulceration 1n the years 1968—78. 

This study included only patients in whom an ulcer 
crater was found radiologically or endoscopically. 50 
patients fulfilled this diagnostic criterion. In a 
previous series in Glasgow, 35 patients presented 
over 7 years. An incidence of 5 new patients each year 
therefore remains unchanged. Acute secondary 
ulcers were excluded from the study. 

As in most reports, males predominated (2:3:1). 
Half the children had a positive family history. 
Recurrent abdominal pain was a major presenting 
symptom in 78%. Only 6 patients presented under 
5 years of age. In this group symptoms were vague 
and there were diagnostic delays. 

The majority (86%) of patients were treated with 
antacids when symptomatic, but 80% of those 
followed up still had recurrent symptoms at least 
one year after diagnosis. 

Thus chronic duodenal ulceration causes significant 
long-term childhood morbidity ın the west of 
Scotland, unsatisfactorily controlled by present 
management. 


Control of respiration and sleep in congenital central 
hypoventilation. P J Fleming, A C Bryan, M H Bryan. 
Hospital for Sick Children, Toronto, Canada. 


Four infants with congenital sleep-related central 
hypoventilation have been described.! We have 
studied one more such infant from birth to 9 months. 
Her neurological status and developmental progress 
were normal. When awake or in rapid eye movement 
(REM) sleep she showed mild hypoventilation (150— 
200 ml/kg per min) but in quiet sleep (QS) hypo- 
ventilation was severe (80-90 ml/kg per min) and 
necessitated ventilator support. Inhalation of 100% 
oxygen produced no significant change when awake 
or in REM sleep, but in QS produced a further 
depression of respiration (to 59 ml/kg per min). 
Inhalation of 4% CO, in air had no effect in REM 
sleep or when awake. In QS there was a small 
immediate response but no further increase in 
respiration after 5 minutes’ breathing CO,. 

These results show profound impairment of the 
‘metabolic’ control of respiration, with absent central 
chemoreceptor effects (steady-state CO, response) 
and depressed peripheral chemoreceptor effects 
(hyperoxia and ‘immediate’ CO, responses). They 
demonstrate the importance of the ‘metabolic’ 
control system in QS. In REM sleep or when awake, 
respiration is maintained relatively independently 
of metabolic drives. 

Our results are similar to those of Shannon! and 
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support the concept that there are 2 independent 
control systems for respiration—a ‘metabolic’ 
system, acting mainly in QS, and a ‘behavioural’ 
system, acting mainly in REM sleep or when awake, 
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What are the medium-term benefits of mono- 
component insulins? M Webster, P H W Rayner. 
Children’s Hospital, Birmingham. 


The use of highly purified (monocomponent MC) 
insulins has now become routine treatment for newly 
diagnosed juvenile diabetes. This has markedly 
reduced the incidence of injection lipoatrophy. The 
long-term benefits of MC therapy cannot yet be 
assessed. The possible benefit of MC insulins in 
terms of dosage required and the length of the 
remission phase was retrospectively examined. 

Two groups of patients were studied. Group 1 
received only MC insulin (22 children followed for 
one year, including 17 followed for two years). 
Group 2 received only standard insulins (24 children 
followed for two years). The severity of metabolic 
disturbances was similar in both groups. Insulin 
dosages were expressed according to U/kg body 
weight. No significant difference was found in the 
initial stabilisation dose (group 1 0-83 + 0-36, 
group 2 0:88 4- 0:34) or in the lowest dose achieved 
(group 1 0-54 -- 0-27, group 2 0:50 + 0-27). At 
one year group 1 children were receiving 13-5% 
insulin less than group 2 (0-77 + 0:32; 0.89 + 
0-27), and at two years 20% less (0-81 + 0-26: 
1:01 + 0:36). These differences were not statistically 
significant. 

The length of time during which the insulin dosage 
continued to fall after initial stabilisation and the 
time taken to show an increase of +20% over the 
initial dose was not statistically different in the two 
groups. 

These results suggest that while a slightly lower 
insulin dosage may be required, monocomponent 
insulins do not affect the duration of the remission 
phase in juvenile onset diabetes. 


Studies on the mechanism of hypertriglyceridaemia in 
glycogen storage disease. T R Gamlen, D P R Muller. 
Department of Child Health, Institute of Child 
Health, London. 


Hypertriglyceridaemia is common in children with 
glycogen storage disease (GSD). Their ability to clear 
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circulating triglyceride was therefore, investigated 
by estimating the activity of 2 triglyceride hydrolases, 
lipoprotein lipase (LPL), and hepatic lipase (HPL) in 
postheparin plasma (PHP). 10 children with GSD 
had a mean LPL activity (+1 SD) of 0:6 +0°4 
umol fatty acid released per ml/hour which was signi- 
ficantly reduced compared with that of normal adults 
(2-2 + 1-0, P 0-002) and with children with familial 
hypercholesterolaemia (3:4 + 1:4, P«0-001). The 
HPL activity in GSD of 2-4 -+ 1-8 was also re- 
duced compared with normal adults (12-1 + 3-1, 
P«0-001) and children with familial hypercholes- 
terolaemia (8-8 +. 3-4, P 0-001). 

Evidence for a circulating inhibitor of triglyceride 
hydrolase activity 1n GSD plasma was suggested, 
for (1) prehaparin and PHP GSD samples inhibited 
the hydrolase activity of normal PHP, (2) serial 
dilutions of GSD PHP gave increasing hydrolase 
activity, (3) normal hydrolase activity was obtained 
from GSD PHP after purification of the enzymes by 
affinity chromatography. 

Preliminary studies suggest the raised nonesteri- 
fied fatty acid concentration in GSD, particularly 
nonesterified fatty acid not bound to plasma albu- 
min, is implicated in the hypertriglyceridaemia of 
GSD. 


A new, rapid, and accurate method for breath 
hydrogen estimation: methodological and clinical 
assessment. E J Eastham, K Bartlett, J V Dobson. 
Department of Child Health and Department of 
Electrochemistry, University of Newcastle upon 
Tyne. 


Many methods for detecting sugar malabsorption 
have been described. These all have disadvantages 
including the newest estimation of breath hydrogen 
which entails expensive and cumbersome gas 
chromatographic equipment. We have devised an 
electrochemical polarographic type cell which uses a 
metallised membrane working electrode in which 
mass transport of reacting gas through the membrane 
governs the cell current. The device is specific for 
hydrogen and compares favourably with gas chro- 
matographic methods (r = 0-99). It ıs cheap, 
reliable, and has a sample time of 20 seconds. 

Using this new sensor, samples of end expiratory 
air were collected from 40 patients after a sugar load, 
using a nasal prong. Patient tolerance is high and this 
noninvasive investigation has proved highly reliable 
in differentiating patients with lactose and sucrose 
intolerance. It can easily be learned by nonmedical 
personnel and is suitable for large-scale studies, 
including estimates of small-bowel transit times and 
small-bowel bacterial contamination. 


Liver volume estimation in children. G W Rylance, 
M D Cowan, T A Moreland. Department of Child 
Health, Department of Radiology, and Department 
of Pharmacology and Therapeutics, University of 
Dundee, Ninewells Hospital and Medical School, 
Dundee, Scotland. 


Paediatricians frequently have difficulty in deciding 
whether a child's liver 1s enlarged or of normal size. 
The usual method of estimating the projection of the 
liver below the costal margin may not be representa- 
tive of liver volumes, and other methods use 
x-radiation or radioisotopes. 

We have estimated the liver volume of 14 normal 
healthy children aged between 5 months and 14 years 
by an ultrasound scanning technique. Serial scans 
were recorded at 1-cm intervals between the limits of 
visualisation of liver outline. 

Liver volume per unit weight correlated signi- 
ficantly with age (r = 0-79; P<0-02). The relative 
liver volume in the first year of life was approxi- 
mately twice that at 14 years. Liver volume per unit 
surface area and per unit length showed no signi- 
ficant correlation with age. 

Values for children with diseases leading to liver 
enlargement will be compared with the normal values 
and the possible use of the technique will be out- 
lined. 


Leucocyte zinc in pregnancy. M F Smith, P W N 
Keeling, M J Robinson, J Day, W Ruse, RPH 
Thompson. Department of Paediatrics and Depart- 
ment of Gastroenterology, St Thomas's Hospital, 
London. 


Experimental zinc deficiency in animals during 
pregnancy, led to a significant increase in fetal 
malformations, retarded fetal growth, and reduced 
postnatal survival of the offspring. In humans low 
maternal serum zinc has been implicated in the 
aetiology of preterm birth, growth retardation, and 
fetal malformation.? 

As plasma zinc represents less than 1% of total 
body zinc and its concentration is directly related 
to the serum albumin, the zinc content of the leuco- 
cyte was studied, as this may more accurately reflect 
changes in tissue zinc concentration. Blood was 
drawn from mothers before and during labour, and 
from the clamped umbilical cord after delivery. 
Leucocytes were separated using the method of 
dextran sedimentation and the zinc content measured 
by atomic absorption spectrometry. Zinc content of 
the leucocyte is expressed as ng/mg dry weight. 

Results showed (1) a significant correlation 


between muscle and leucocyte zinc content in non- 
pregnant subjects (r = 0-8, P«0-005, n = 29). 
(2) Maternal leucocytes were zinc-deficient at term 
compared with nonpregnant controls (control x 
71:6 + 11-2, term pregnant x 59-1 + 22:2, 
t = 3-95, P<0-005). (3) Maternal and fetal leuco- 
cyte zinc content were directly related (r — 0:61, 
P «0-05). (4) Mothers who gave birth to small-for- 
gestational-age infants were found to have lower 
leucocyte zinc levels than the mothers of normally 
grown infants (SGA x 51:0 +9-0, AGA x 63-1 
+ 10:6, P<0-05). 

It is suggested that mothers of small-for-gestational- 
age infants may be zinc deficient. 
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A comparative assessment of cromoglycate nebuliser 
solution, theophylline, and placebo in pre-school 
asthmatics. J Glass, N Archer, H Simpson. Royal 
Hospital for Sick Children, Edinburgh. 


Severe asthma in pre-schoolchildren is particularly 
difficult to ménage, as most children cannot use 
inhalers effectively. We have compared the effective- 
ness of cromoglycate nebuliser solution, choline 
theophyllinate, and placebo in a double-blind, three- 
period crossover trial. 16 patients, 11 boys and 5 girls, 
between the ages of 1 year 9 months and 4 years 
5 months took part. 

In the preceding year each child had had between 
one and five asthma attacks requiring admission to 
hospital.and all but one had required treatment with 
systemic steroids. These patients took cromoglycate 
nebuliser solution (20 mg 4 times a day), choline 
theophyllinate (6 mg/kg 4 times a day), and placebo 
in turn, each for a period of 8 weeks, Salbutamol (2:5 
mg 3- to 4-times hourly) by nebuliser was used as 
necessary. No significant differences between treat- 
ments were seen in bronchodilator usage or in clinical 
assessment results. 

Diary card symptom scores were analysed by two 
methods. 

Theophylline and cromoglycate treatments were 
both more effective than placebo in relation to cough, 
night disturbance, and daytime activity. Neither drug 
was superior to the other. 
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The use of a mouthwash to detect oral colonisation 
with Candida albicans in children with acute Iympho- 
blastic leukaemia. O B Eden, T A Gentle, M C Mott. 
Department of Child Health, Royal Hospital 
for Sick Children, and Department of Micro- 
biology, Royal Infirmary, Bristol. 


Mouthwash investigations on 35 children with acute 
lymphoblastic leukaemia showed a 43% incidence 
of oral colonisation (not candidiasis) with Candida 
albicans. A few patients were found to be continual 
carriers and a necropsy finding of systemic candidiasis 
was recorded in one of them. A second series 
in which salivary immunity was examined in 39 
patients showed that 33 7; were colonised compared 
with an expected 10% in normal children. The age 
and sex distribution did not follow the normal 
children's pattern and colonisation did not correlate 
with anti-leukaemia therapy. Within each study the 
colony count/ml was remarkably constant in serial 
positive samples on individual patients and from 
the one series to the next for that patient. In each 
subject granulocyte and lymphocyte counts and total 
salivary IgA did not enable prediction of colonisa- 
tion. The presence of salivary IgA anti-C. albicans 
antibody was at a lower incidence (25%) in those 
consistently colonised compared with those showing 
occasional colonisation (62%). The antibody titre 
was also lower in the former group. Mouth swabs 
frequently fail to :dentify colonisation if there is no 
overt candidiasis. The use of a noninvasive mouth- 
wash culture procedure to detect children at risk 
of systemic candidiasis is recommended. 


Tooth germs as a record of metabolic disturbance in 
pregnancy and infancy. R W Newton, R S Levine, 
E P Turner, A D Barson, J Dobbing. Department of 
Paediatric Neurology, and University Department of 
Oral Medicine, and University Department of 
Child Health, Manchester. 


Purine nucleoside phosphorylase deficiency associated 
with a fatal lymphoproliferative disorder. A R Watson, 
D I K Evans, H B Marsden, V Miller, P Rogers. 
Booth Hall Children's Hospital, Manchester, and 
MRC Biochemical Genetics Unit, The Galton 
Laboratory, University College, London. 


Archives of Disease in Childhood, 1980, 55, 826-831 
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Necrotising entercolitis. Increased 
incidence in infants receiving 
nasoduodenal feeding 


Sir, 

Beddis and McKenzie! discussed the possible role of 
nasoduodenal feeding (NDF) in the aetiology of necrotis- 
ing enterocolitis (NEC). They did not find a significantly 
higher incidence of NEC in their group of infants fed by 
NDF compared with those not being fed by NDF. We 
should like to report our observations. 

During a 2-year period (1978-9) we noticed an increased 
incidence of NEC. The total number of cases with NEC 
was 34, representing a rate of 0:94 per hundred admis- 
sions, which rose to a peak of 7:5 during the last 5 months 
of the period. 77 matched control infants were chosen 
retrospectively among those of similar birthweights 
and dates of admission. The following factors were 
compared: birthweight, gestational age, 1- and 5-minute 
Apgar scores, highest haematocrit, type of formula fed, 
daily volume and caloric intake, and incidence of 
respiratory distress, persistent patent ductus arteriosus, 
mechanical ventilation, sepsis, exchange transfusion, and 
prevalence and time of indwelling umbilical catheters. 
No differences were found for any of these parameters 
between the two groups by Student's z test or the 7? 
test. However, NDF had been used in 16 (47%) of the 
patients with NEC, and in 14 (18%) of the matched 
controls (P — 0-01). 

The number of patients and controls fed by NDF 
in which this method was used electively—that is without 
trying other methods first—was similar (14 of 16 in 
those with NEC were being fed by NDF, and 12 of 14 
of the controls were being fed by NDF). That means that 
only 2 babies in each group had shown a poor tolerance 
to a previous trial of gastric feeding. NDF was given via 
a Silastic tube, and the formula continuously admini- 
stered by a constant flow infusion pump. In each case the 
position of the tube was confirmed by x-ray. 

Although NEC has been quoted as a possible compli- 
cation of NDF, a comparatively greater risk has not 
been reported. It remains to be determined whether 
changes in bacterial intestinal microflora in infants with 
a nasoduodenal tube in place,? which are similar to those 
found in NEC,’ may account for our observations. We 
suggest that although NDF has a place in the feeding of 
preterm newborn infants it should not be used as an 
initial standard method of feeding in nurseries, particularly 
if NEC is not uncommon. 
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Dr McKenzie comments: 


The figures presented by Vazquez er al. suggest that 
during a 2-year period there was an epidemic of NEC in 
the neonatal unit at a time when the admission rate was 
much below average (calculated from figures presented). 
More babies with NEC had been fed by NDF than 
matched controls without NEC. However, the indications 
for NDF are not clear; why were more babies of the NEC 
group fed by NDF despite being of the same birthweight 
and gestation as the controls? It would also be interesting 
to know if the increased incidence of NEC during the last 
5 months of the study paralleled an increased incidence 
of NDF. 

Although the figures are interesting and it is wise to 
draw attention to the probable change in upper intestinal 
flora which may accompany transpyloric intubation, I 
think that it would be difficult to incriminate NDF in 
the development of NEC from this retrospective study. 


SHEILA A MCKENZIE 

Department of Paediatrics and Neonatal Medicine, 
Hammersmith Hospital, 

Du Cane Road, 

London W12 OHS 


Detection of carbamyl phosphate 
synthetase | deficiency using duodenal 
biopsy samples 


Sir, 
We read with interest the paper by Hoogenraad er al? 
and should like to comment on it. 

The authors stated that only one case of complete 
lack of carbamyl phosphate synthetase 1 (CPS 1) had 
been reported but we can draw their attention to at least 
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4 others: a personal observation in 1977,? and papers by 
Sheffield er al. in 1976,? Oberholzer and Palmer in 1976,! 
and Mantagos et al. in 1978,° all of which were published 
in journals in the English language. 

The presence of CPS 1 activity in duodenal mucosa has 
been documented’ and in our case reduced CPS 1 activity 
in gut was found.* However, a duodenal biopsy during 
the neonatal period is technically difficult to perform 
without risk, and in the case related by Hoogenraad the 
biopsy was performed at 2 years of age. We agree that 
early diagnosis is important so a needle biopsy of the 
liver, taking the usual precautions, is probably the safest 
way to obtain tissue for enzymatic studies. 

Our experience suggests that urinary orotic acid 
measurement is more helpful in diagnosis than was 
indicated by Hoogenraad. If the clinical presentation 
(normal delivery, short period without abnormal signs, 
neurological and digestive signs appearing when feeding 
is started) suggests an error of metabolism and if intense 
hyperammonaemia is noted without specifically abnormal 
amino-acid and organic acid patterns, ornithine trans- 
carbamylase (OTC) or carbamyl-phosphate synthetase 
deficiencies should be considered. In such cases absence 
of orotic acidura rules out OTC deficiency. This method 
of reasoning permits one approach to diagnosis, while 
waiting for a clinical improvement which will allow 
biopsies. 
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Dr Hoogenraad and Dr Mitchell comment: 


In reply to the letter by Farriaux et al. we acknowledge 
that there are a number of documented cases of complete 
lack of CPS1, and we thank them for drawing this 
omission to our attention. 

We hope our report has drawn attention to the 
potential of duodenal biopsy tissue assay for confirming 
the diagnosis of a number of urea cycle enzyme defects. 
We made no claim that any of the enzymes had not 
previously been assayed in the duodenum. In view of the 
lack of information about the safety of percutaneous 
liver biopsy compared with duodenal biopsy for estab- 
lishing an early diagnosis, the choice of method will 
depend largely on the experience with each technique 
within the unit. 

We agree with, and do ourselves use, the presence of a 
raised urinary orotic acid level as a valuable indicator of 
OTC lesions. However, other defects beside OTC lesions 
may produce orotic aciduria, and orotic acidura may be 
absent in lesions other than CPS 1 defects — for example, 
defects in N-acetyl glutamate synthetase. Furthermore. 
there may be cases in which protein restriction began 
before full biochemical assessment. In such cases pyrimi- 
dine excretion patterns may be modified and no longer 
be typical of the underlying defect. 

What to us appears to be of vital importance, both on 
clinical and genetic grounds, is the ability to identify 
carriers of urea cycle defects. In our experience, the 
measurement of orotic acid in urine after a protein load 
is a valuable and, perhaps, the best method for identifying 
carriers of OTC lesions.'-? However, this approach will 
not detect CPS 1 carriers and our report shows the 
value of duodenal biopsy assay for heterozygous CPS 1 
detection. Haan er al.? identified previously undiagnosed 
female carriers with partial OTC deficiencies using 
duodenal biopsy samples. In their report, and our own, 
nonproband carriers of OTC and CPS were noted to be 
not entirely asymptomatic and in fact had self-selected 
low protein diets to avoid disturbing symptoms. 
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Role of viruses in febrile convulsions 


Sir, 

Lewis et al., reporting on viruses isolated from children 
with febrile convulsions, found adenovirus in the CSF in 
3 cases and parainfluenza virus in the CSF of another. 

We have studied the viruses in the CSF of children 
aged under 24 months with febrile convulsions, making 
use of a virology service in the main hospital, with a 
technician able to take cultures and inoculate them into 
the cell lines at the bedside. 

Viruses were isolated from the CSF in 9 cases out of 66 
(herpes simplex type 1 in 1 case, type 2 in 4 cases, type 
uncertain in 2 cases; echovirus (not typed) 1 case; entero- 
virus (not typed) 1 case). None of the 9 cases showed 
clinical laboratory evidence of meningeal irritation 
Neurodevelopmental follow-up after 2 years was normal 
in each case. All were given sodium valproate to prevent 
recurrences.* 

No viruses were isolated from 25 randcm CSF speci- 
mens of patients of the same age without nervous or 
infectious disease. 

The significance of these preliminary findings ıs being 
examined. 
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Dr Lewis and co-workers comment: 


These observations support our hypothesis that a febrile 
convulsion depends on the effect of a viraemia on the 
central nervous system. Herpes simplex was identified in 
7 out of 9 cases, but in our study we did not isolate this 
virus from systemic sites (CSF, blood, or urine) in any 
child. We wonder whether Dr Squadrim’s patients had 
clinical evidence of herpetic infection or if virus was 
isolated from sites other than the CSF We await further 
details with interest. 

Widespread early herpes simplex infection is reported 
to be common in children living in underdeveloped 
communities in Africa. We would expect to find a different 
spectrum of viruses 1n Sicily compared with Harrow, 
England, and a febrile convulsion could be a response to 
systemic invasion by many different viruses. 


HELEN Lewis, D A J TYRRELL, AND 
H B VALMAN 

Northwick Park Hospital and 
Clinical Research Centre, 

Harrow, Middx 


Tomography of neonates with 
abnormal ears 

Sir, 

Atresia of the external auditory meatus is not rare and 
should always be diagnosed at birth, but tomographic 
examinations of the petrous temporal bones are rarely 
performed in the neonatal period. We should like to make 
a case for early radiological assessment of children with 
certain ear deformities. 

Operations to improve the hearing through creation of a 
new meatus and reconstruction of the hearing mechanism 
of the middle ear are not now generally performed on 
unilateral cases. However, children with bilateral atresia 
should be operated on at age 2 years.* The feasibility of 
surgery depends on the presence of a normal inner ear 
and a reasonable middle ear cavity. This must be assessed 
by expert interpretation of high quality multt-directional 
tomograms, which can often be obtained in the first few 
months of life with no more sedation than a large feed, 
and with an acceptable radiation dose to the eyes. 

Malformations of the pinna are often associated with 


^ Jesions of the middle and inner ear, and a birth incidence 


as high as 1% has been estimated for malformations of 
the external ear, including branchial sinuses.? Several 
syndromes are now known to be associated with abnor- 
malities of the aural conduction mechanism. Children 
with the Treacher Collins syndrome, for instance, often 
have ossicular abnormalities with normal eardrums.? 
Weare currently trying to determine which rare syndromes 
are associated with a high incidence of conduction 
abnormalities; this aspect has been poorly documented. 

Objective assessment of deaf children is improving 
rapidly with evoked response audiometry, but the best 
method, electrocochleography, is not possible if there is 
meatal atresia. Obviously tomography cannot assess 
cochlear function or show deficiencies in the hearing end 
organ, but it will give an accurate demonstration of the 
bony cochlea. It will show not only major deformities 
incompatible with hearing, but also minor anomalies of 
the central bony spiral where some cochlear function may 
be present. 

The ‘at risk register’ ensures that most deaf children 
now have continuing assessment and education from age 
one year, but we believe that in selected cases tomo- 
graphy of the petrous temporal bones has an important 
part to play. Ideally the examination should be in the 
neonatal period, with the films, report, and conclusions 
available for continuing assessment. 
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Prevention of simple febrile 
convulsions 


Sir, 
I should like to comment on Ngwane and Bower's paper.! 

First of all, their statement that phenobarbitone takes 
72 hours to achieve an adequate blood level is an often 
repeated inaccuracy. Phenobarbitone, like any other drug, 
will only achieve so-called therapeutic blood levels if an 
adequate dose is given. We have achieved this level within 
90 minutes, orally and intramuscularly, after a dose of 
15 mg/kg. 

I was intrigued that about 75% of their 265 children 
did not meet their criteria for simple febrile convulsions. 
The significance of their definition is not clear, and it is 
unfortunate that so few were left on whom to perform 
the trial. 

It would appear that the untreated group, even allow- 
ing for their age at onset, had very severe febrile 
seizures if 6 out of 21 children had prolonged fits lasting 
25 minutes or longer within the follow-up period. In our 
study of 83 unselected children with febrile convulsions, 
to whom no prophylaxis was given but only strict instruc- 
üons for the prevention of prolonged seizures, only 2 
children went on to have prolonged fits in at least a one- 
year follow-up.* Is the untreated group therefore a 
satisfactory one for comparison, particularly as it was not 
designed as a control group? 

Although not commented on in the text, their results 
also show that phenobarbitone is not statistically better 
than no treatment in preventing further fits. Blood levels 
in the 4 treatment failures at the time of the fit would 
have been interesting. 

Sodium valproate did appear to be more effective than 
no treatment. However for those therapeutic nihilists, like 
myself, who feel that prolonged seizures can generally be 
prevented by other means, Ngwane and Bower performed 
one valuable service; they suggested that sodium val- 
proate was just as harmful to children as phenobarbitone. 
Again however the numbers were small, and it would 
have been interesting to know the exact nature of the side 
effects. 


References 


! Ngwane E, Bower B. Continuous sodium valproate or 
phenobarbitone in the prevention of ‘simple’ febrile 
convulsions. Comparison by a double blind trial. Arch Dis 
Child 1980; 55: 171-4. 

Pearce J L, Sharman J R, Forster R M. Phenobarbital 
in the acute management of febrile convulsions. Pediatrics 
1977; 60: 569-72. 

Pearce J L, Mackintosh H T. Prospective study of con- 
vulsions in childhood. NZ Med J 1979: 89: 1-3. 


t2 


[^ 


J L PEARCE 

Department of Paediatrics, 
Wexham Park Hospital, 
Slough SL2 4HL 


Correspondence 829 


Use of isoprinosine in subacute 
sclerosing panencephalitis 


Sir, 

Isoprinosine has been used therapeutically in subacute 
sclerosing panencephalitis (SSPE) for some years although 
opinions on its value range from cautious optimism to 
sceptism. We report our observations on 4 children with 
SSPE who are currently being treated with isoprinosine. 
In each some degree of remission seems to have been 
achieved. 

Clinical details of the patients are given in the Table. 
The diagnosis of SSPE and its clinical staging were 
established using the criteria of Jabbour et al.* None of 
the children had been immunised against measles and all 
had cerebrospinal fluid measles antibody titres greater 
than 1 in 32. Case 1 had been recognised to have SSPE for 
11 months when isoprinosine in a dose of 100 mg/kg per 
day was introduced. At that time he had bulbar paralysis, 
intractable myoclonic seizures, and minimal cognition. 
Within 3 weeks of starting this treatment there was a 
pronounced reduction in seizure frequency, he became 
more responsive and alert, and partial oral feeding became 
possible. Other drugs were reduced or stopped and home 
nursing became possible after some months in hospital. 
This improvement was maintained for 9 months although 
currently the child again appears to be deteriorating. 

The remaining 3 children started treatment with iso- 
prinosine 100 mg/kg per day when their SSPE was 
confirmed. At this time each had intellectual and be- 
havioural deterioration with seizures. Clonazepam was the 
only other medication. In all 3 the seizures have been 
adequately controlled and the children have maintained 
their pretreatment level of mental alertness although 2 
are no longer mobile. 

It is recognised that the course of SSPE varies and that 
some 10%, of affected individuals have a protracted illness 
in which there may be prolonged remissions. This 
variability makes it difficult to evaluate the effect of iso- 
prinosine although its use would appear to have some 
theoretical basis. Thus depression of cell-mediated 
immunity has been consistently demonstrated in SSPE 
while isoprinosine is an immune potentiator. Both in 
viral infections generally? and in SSPE specifically? 
improvement in cell-mediated immunity has been reported 
during treatment with this agent. 

We clearly have no way of knowing whether the natural 
course of the disease has been modified in these 4 patients. 
The most obvious and consistent clinical feature however 
has been the maintenance of improved mental alertness. 
This is in our experience unusual and has been remarked 
on by all the parents. Even occurring in isolation such an 
improvement is most welcome given the usual relentless 
progress of this disorder. We would suggest therefore that 
continued trials with isoprinosine in SSPE, perhaps 
especially when the medication is introduced in the early 
stages of this disease, would appear to be justified. 
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Table Course of treatment with tsoprinosine on 4 children with subacute sclerosing panencephalitis 


Case Sex Ageat Duration Neurological staie ai start of 
onset of iness treatment 
(years) Qnonthyy* 

I M 6.8 20 Stage 3: dementia, quadriparesis, 
dyskinesia, intractable myoclonic 
seizures 

2 F 9.8 8 Stage 2: moderate dementia, 
myoclonic seizures 

3 M 15 6 8 Stage 1: moderate dementia, 
speechiess myoclonic setzures 

4 F 10-2 4 Stage 1: moderate dementia, 


generalised seizures 


Duration of Course Present state 

treatment 

(months) 

9 Remussion Stage 3. Cognitive improvement, less 
spasticity and dyskinesia, controlled 
myoclonic seizures, increasing 
bulbar dysfunction 

8 Slow Stage 2-3. No further mental 

progression deterioration, early bulbar 
dysfunction, unmobile, fewer 
seizures 

7 Static Mentally alert, immobile, fewer, 
seizures 

4 Static Mentally alert, mobile, fewer 
seizures 





*After diagnosis. 


? Buge A, Rancurel G, Metzger J, Picard A, Lesourd B, 
Gardeur D. Letter: Isoprinosine tn treatment of acute 
viral encephalitis. Lancet 1979; ii: 691. 

3 Silverberg R, Brenner T, Abramsky O. Inosiplex in the 
treatment of subacute sclerosing panencephalitis. Areh 
Neurol 1979; 36: 374-5. 
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Paraquat poisoning in a child: 
vitamin E in amelioration of lung 
injury 

Sir, 


Ingestion of paraquat is followed by systemic toxicity to 
liver, kidneys, and gastrointestinal tract. 

Pulmonary damage which later develops, is generally 
progressive and irreversible, and leads to respiratory 
failure and death even after ingestion of a small amount. 
Its toxicity is related to production of superoxide radicals 
and hydrogen peroxide, and each 1s capable of producing 
tissue and lipid cellular membrane damage.* The pul- 
monary lesions in the respiratory distress syndrome of 
infancy resemble the ones observed in paraquat poison- 
ing. Recently, a favourable outcome in infants with 
respiratory distress after the administration of vitamin E 
was reported.* 

A 3-year-old boy was admitted 24 hours after he had 
swallowed a mouthful of 20% paraquat solution. On 
physical examination the child was fully alert. Abnormal 
physical findings were limited to facial and oral erosions 
Initial plasma urea was 12 mg/100 ml (4-3 mmol/l), 
serum vitamin E level 0-75 mg/100 ml, paraquat levels 
were 0-82 in serum and 0:38 mg/100 ml 1n urine. Chest 
x-ray was normal and arterial blood-gases showed 


pH 7:34, Paos 126 mmHg (16:7 kPa), Paco1 36 mmHg 
(4-8 kPa) on Fro 0-21. 

Combined treatment consisting of forced diuresis, 
stomach lavage with fuller's earth, haemodialysis, and 
haemoperfusion with coated charcoal followed by peri- 
toneal dialysis was instituted. On day 2 after admission the 
boy lapsed into a semicomatous state accompanied by 
generalised hyper-reflexia and clonic jerks. 

On day 4 he regained full consciousness but respiratory 
rate increased gradually from 24 to 40 breaths a minute 
and perioral cyanosis was observed. Paos was 80 mmHg 
(10-6 kPa) on Fjo: 0-4 via a face mask. Chest x-ray 
remained normal. 

Plasma urea increased to 60 mg/100 ml (21 mmol/1) and 
bilirubin to 1-6 mg/100 ml (27-4 mol/l). Repeated blood 
and urine samples for paraquat were constantly negative 
36 hours after institution of haemodialysis. The child was 
treated with oxygen and daily intramuscular injections 
of vitamin E (200 mg/day), for 4 days. A steady improve- 
ment was noted and a week after admission the patient 
became entirely asymptomatic. Plasma urea, bilirubin, 
and arterial blood-gases returned to normal. 

The appropriate management after paraquat ingestion 
is still controversial. Inhibition of gastrointestinal 
absorption is suggested as the most important measure,* 
followed by forced diuresis, haemo- and peritoneal 
dialysis. A reasonable approach towards paraquat 
poisoning may be the modification of its cellular effects. 
Since vitamin E acts as an antioxidant by trapping free 
radicals, it may be effective in the amelioration of lung 
injury after paraquat ingestion 1f formation of superoxide 
radicals causes severe endothelial damage of pulmonary 
alveoli. 

The prompt and complete recovery of our patient, 
despite incipient pulmonary insufficiency regarded by 
many as & poor prognostic sign, may partially be related 
to the administration of vitamin E. 
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aviour Modification for the Mentally 
adicapped. Edited by W Yule and 
arr (Pp. 298; illustrated + tables. 
-95 hardback.) Croom Helm: London. 
), 


; volume arises out of a series of 
«shops given at the Institute of 
thiatry which showed the need for a 
bringing together widely scattered 
ce material. The contributors aim to 
bine examples from practical experi- 
: with surveys of the relevant literature. 
i chapters and 3 appendices are used to 
v how to select appropriate behaviour 
:hange, increase desirable behaviour, 
ease undesirable behaviour. and to 
1 these skills to others. It is intended 
all those who work with mentally 
licapped children, 1ncluding parents. 
3 appendices give a detailed account 
1e content of workshops run by the 
rs, a means of assessing basic know- 
> of behavioural techniques, and a 
ı for students to assess lectures. 
us is one of the most useful books 
; kind, especially es it is in a British 
than an Ámerican context. Although 
standard of the contributors varies, 
yerhaps a heavier editorial hand could 
resulted in a more even style, the 
«al standard 1s high. The contribution 
xactical examples and literature 
w works well and should be repeated. 
mmary this book is essential reading 
4nyone concerned with behavioural 
ems of mentally handicapped child- 


R L SMITH 
1 and Richmond Pediatric Diagnosis. 


yretation of Symptoms and Signs in 
ent Age Periods. Third edition. By 


Morris Green. (Pp. 658; illustrated -+ 
tables. £14 25 hardback.) Saunders: 
Philadelphia. 1980. 


This edition has been almost entirely 
revised by Morris Green with only one of 
the 73 chapters, that on child development, 
beautifully and simply written by Sally A 
Provence. 

The text is in two parts ‘The interview 
and physical examination’ and ‘Signs and 
symptoms’. There follows a short appendix 
of weight and height charts and a com- 
prehensive 59-page index of symptoms, 
signs, and disease headings. There are 
only 2 pages of pictures illustrating 10 
facial syndromes. 

The aim is to guide the paediatrician, 
already well armed with his standard 
textbooks, through the intricacies of 
history taking, examination, and inter- 
pretation of the findings. 

The first section is full of good advice 
and hints, and takes care to point out 
what is normal and what is not. The 
second section is devoted to the differen- 
tial diagnosis of presenting symptoms and 
signs, and each one is carefully dissected 
in an introduction which ts backed up 
by a briefly annotated but comprehensive 
aetiological classification of the relevant 
diseases. References are included as an 
integral part of the text. 

I liked this book for its good sense and 
useful advice which are not always found 
in the standard works. Some subjects such 
as ‘Failure to thrive’ and ‘Headaches’ 
are particularly well laid out, but there 
are unexpected disappointments as in 
"Understature' where reference to parental 
heights is only found by searching, and 
emotional deprivation. only merits 4 
lines at the end of a 6-page classification. 

It is unfortunate that the author has 
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not tried formally to separate the mani- 
festations of illness in the newborn from 
those of infancy and the older child, and 
disappointing that there is virtually no 
reference to, or advice on, the inter- 
pretation of laboratory and x-ray investi- 
gation. Despite these drawbacks, I am 
glad to have this book on my shelf. 


JACK INSLEY 


Neonatal Hyperbilirubinemia. Mono- 
graphs in Neonatology Seres. By G B 
Odell. (Pp. 153; illustrated 4+- tables. 
$16 50 hardback.) Grune & Stratton: 
New York. 1980. 


Provided that this book is looked on as 
something nearer to a research mono- 
graph than a general paediatrician’s 
handbook, it is a useful text for the 
neonatologist who has a particular interest 
in Jaboratory medicine. Where the book 
is dealing with the biochemistry of bilh- 
rubin metabolism and its transport it 1s 
undoubtedly scholarly, extensively refer- 
enced, and informative although rather 
heavy going. In contrast there are some 
very simple sections relating to the clinical 
aspects of jaundice which are too super- 
ficial. 

The opening chapter has the admirably 
simple title ‘Jaundice and the formation 
and excretion of bilirubin’, but it is full 
of complex biochemistry, some of which 
is extremely interesting, and we are helped 
with some of the difficult concepts by a 
series of very clear diagrams-—such as the 
diagram of the hepatocyte unit in the 
first chapter which is a model of clarity 
and in itself justifies looking at the book. 
Tucked away in the biochemistry are some 
general ideas which I found quite novel. 
For example, Professor Odell points out 


a 
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that it is curious that natural selection 
should have evolved the mechanism for 
the degradation of haemoproteins in 
placental mammals into poorly soluble 
toxic bilirubin which requires additional 
energy for biotransformation in its 
excretion, rather than degrading haemo- 
proteins to biliverdin which is water- 
soluble and not toxic. Is ıt possible that 
mothers could never have bonded to 
green babies? 

The chapter on the abnormal meta- 
bolism of bilirubin (which is the section 
that the clinician would consult in an 
unusual case of jaundice) is disappointing. 
The author has attempted to cover all 
clinical possibilities without expanding 
this neat monograph into an unwieldy 
textbook. Nevertheless, one might reason- 


ably expect to find more details about 
plucose-6-phosphate dehydrogenase de- 
ficiency (an important condition) instead of 
locating ıt in a short paragraph under the 
‘nonspherocytic haemolytic anaemias’. 
Also, the rather longer discussion on 
breast-milk jaundice (2 pages) might 
prejudice the unwary against breast 
feeding as a reliable source of food and 
water for the newborn infant. 

The section on the toxicity of bilirubin 
i$ the one to which I turned with greatest 
interest because Professor Odell has made 
so many valuable contributions in this 
field. It deals with the subject in a straight- 
forward manner and gives practical advice 
on methods for measuring bilirubin 
binding and free bilirubin concentration, 
but at the end of the chapter I remained 


unconvinced about the practical i 
tance of this 1n neonatal care. 

The last chapter on the treatm: 
neonatal hyperbilirubinaemia is 
simple in some parts and too comp 
others. For example, the section on 
blood exchange transfusionsis not de 
enough to be a guide for the new 
officer, yet includes the recommenc 
that before performing an exchan 
venous pressure should be measured 
an open-ended umbilical venous ca 
without the important caution agai 
embolism. 

This is a useful book for | 
consultation, but I would not recor 
it as an imperative addition to indi 
bookshelves. 

JD 
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THE FIRST YEAR 
OF LIFE 


Recent research has vastly improved our understanding of a 
child's development in the first year of life. 

In particular, assessment of normal progress is now much 
more systematic, so that deviations from the normal are 
recognised earlier. 

Dr. Bernard Valman's illustrated account of current 
methods of examination, assessment and management of 
the medical problems of early infancy will prove invaluable 
to all concerned with small babies. 
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Notice to Contributors 


Papers for publication should be sent to the Editors, 
Archives of Disease in Childhood, BMA House, 
Tavistock Square, London WCIH 9JR. Submission of 
a paper will be held to imply that it contains original 
work which has not been previously published. 
Permission to republish must be obtained from the 
Editors. 


Short reports. Case reports, brief laboratory observa- 
tions, preliminary communications, and other short 
papers may be submitted for this section. Length 
must not exceed two printed pages of the Archives, i.e. 
in general not more than 1000 words of text, two 
figures or tables, and eight references. Single case 
reports will usually only be considered in this form. 

For guidance on ethical aspects authors should refer 
to Editorials in this Journal (1967, 42, 109; 1973, 48, 
751; 1978, 53, 441). 

One page proof will be sent to the author submitting 
the paper. 


Reprints. Twenty-five reprints are supplied free and 
further reprints may be ordered when the proof is 
returned. 

Authors should check the following requirements 
before submitting a paper: 


(1) Scripts to be top copy and typed in double spacing. 
(2) SI units. The units in which the work was done will 
appear first with the other units, i.e. SI or traditional 
units, appearing after in parentheses. A conversion 
factor should be given as a footnote to tables, and in 
legends to figures. 

(3) Institution(s) where work done to be stated. 

(4) Name and address of author supplying reprints to 
be given at end of paper. 

(5) Figures: (a) provided with a caption, typed on a 
separate sheet, (5) referred to in the text. 

(6) Diagrams to be drawn on stout white paper; any 
lettering may be lightly inserted in pencil. 

(7) Photographs to be on glossy paper unmounted, and 
trimmied to include only relevant portion. Any letter- 
ing, etc. to be inserted should be indicated on a 
separate transparent sheet. 

(8) Coloured illustrations may be considered, but the 
author will usually be asked to contribute to the cost. 
(9) Tables (numbered, with titles) typed on to separate 
sheets. Large tables are expensive and are not 
encouraged. 


(10) References in the text should be numbered. 
References given at the end of the paper should be 
listed in the order in which they are first mentioned. 
The full title of article or book should be given, and 
the first and last page numbers of the particular paper 
or chapter. The titles of journals should be abbreviated 
according to the style used in Index Medicus (see 
British Medical Journal, 24 February 1979 i, 532-535). 
(11) Summary to be typed on a separate sheet; and 
it should say what was done and what was concluded. 
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Draeger '80. 
Steps Ahead 


To save the lives of neonates and high-risk children. 
Draeger '80 — Infant ventilators and therapeutic equipment developed 
on the foundation of more than 50 years experience in the medical 
field. Draeger '80 — The result of a development programme to meet 
the specific needs of young patients with special equipment. 

We have extended the range of treatment options, thus increasing 
the chances of survival. 

Draeger '80 — Paediatric equipment for the 80s. 
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Neonates and high-risk children need to be given the í hance to develop 
further in the protected environment of an incubator. CP 
Draeger '80 — The Standard Incubator 7010 allows the patient to grow under 
observation and provides a wide variety of therapeutic procedures. 

New — Incubator 7310 is basically like the 7010. Its folding side makes it 
particularly suited for carrying out simple intensive care procedures. 

Finally the Intensive care Incubator 7510 — to increase the chances of survival 
for children who are critically ill or recovering from surgery. 

All incubators are equipped with accessories for suction, infusion, phototherapy 
etc. We recommend the use of the Babylog 1 ventilator for IPPV with integral 
PEEP, CPAP and IMV. 


Draeger '80. 
A Comprehensive Programme 
Specifically for Paediatrics 





2nsive care Transport Incubator ITI 5300 


Heated cot Babytherm 4200, Babylog 2 Intensive care Tra 


aeger 80. 


ensive care Transport Incubator ITI 5300 with built-in power supplies to meet all 
lergencies, for example cardiac patients. This incubator is equally suitable for use 
'escue vehicles, ambulances or helicopters. 

e ITI 5400 is a Transport Incubator for critically ill neonates and is truly a mobile 
2nsive care unit with a modular ventilator and built-in accessories, for example 
bylog 2, the time controlled ventilator for IPPV with PEEP and CPAP. The ITI 5400 
5 a radiant heater, therefore no fan is needed. 

oytherm 4200 — Heated cot, resuscitator and intensive care unit, yet not an incubator. 
ersatile and infinitely adaptable cot for neonates and critically ill children in the 
ivery room or maternity unit. 

ally DraegerService is second to none — our regular inspection, quick repairs on 


Spot, speedy parts service and maintenance contracts set us apart from the others. 
tin touch with us. 


raeger'80 - DraegerService. 
utting Safety First in Great Britain: 


gerwerk AG Draeger Medical Ltd. 


. Box 1339, D-2400 Lübeck 1 Hertfordshire House 


phone (451) 882-1 Wood Lane, Hemel Hempstead, Herts. HP 2 4SU 
>x 02 68 07 Telephone (0442) 3542. Telex 82 60 93 
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CHARLES € THOMAS + PUBLISHER 


Neu! PSYCHOLOGICAL ASPECTS 
OF CHILDHOOD CANCER edited by Jona- 
than Kellerman, Univ. of Southern California 
School of Medicine, Los Angeles, California. 
(23 Contributors) Practical information on 
psychosocial rehabilitation and on the psy- 
chological side-effects of cancer treatment is 
the focus of this book. A sampling of chapters 
includes Illness Impact and Social Reintegra- 
tion and Hypnosis for Symptom Ameliora- 
tion. '80, 352 pp., 25 il., 8 tables, $32.50 


New! COMMUNICATIONS IN A 
HEALTH CARE SETTING edited by Myron 
G. Eisenberg and Judith Falconer, both of VA 
Medical Center, Cleveland, Ohio; and Lafaye 
C. Sutkin, VA Medical Center, Loma Linda, 
California. '80, 288 pp., 11 il., 4 tables, $19.75 


New! FACULTY DEVELOPMENT 
THROUGH WORKSHOPS by Carole J. 
Bland, Univ. of Minnesota Medical School, 
Minneapolis, Minnesota. Foreword by Theo- 
dore J. Phillips. '80, 232 pp., cloth-$13.50, 
paper-$9.75 


THE X-RAY DIAGNOSIS OF CONGEN- 
ITAL HEART DISEASE IN INFANTS, 
CHILDREN, AND ADULTS: Pathologic, 
Hemodynamic, and Clinical Correlations as 
Related to the Chest Film (2nd Ed.) by Larry 
P. Elliott, Univ. of Alabama School of Medi- 
cine, Birmingham, Alabama, and Gerold L. 
Schiebler, Univ. of Florida College of Medi- 
cine, Gainesville, Florida. The authors have 
added new chapters on complex congenital 
heart disease and on analysis of cyanotic heart 
disease chest films. '79, 424 pp. (6 3/4 x 9 3/4), 
405 il., 13 tables, $36.50 


THE PHYSIOLOGY OF THE NEWBORN 
INFANT (4th Ed. edited by Clement A. 
Smith, Harvard Medical School, Boston, Mas- 
sachusetts, and Nicholas M. Nelson, Hershey 
Medical Center, Hershey, Pennsylvania. (9 
Contributors) This review of neonatal and 
significant prenatal physiology provides the 
foundation for understanding the manage- 
ment of hyperbilirubinemia, the prevention of 
hyaline membrane disease, and the approach 
to neonatal sepsis. 76, 784 pp. (6 3/4 x 9 3/4), 
260 il., 122 tables, $66.00 


New! FOOD ALLERGY: New Per- 
spectives edited by John W. Gerrard, Univ. 
of Saskatchewan, Saskatoon, Saskatchewan, 
Canada. (15 Contributors) Information is pro- 
vided on genetic factors in food allergy of 
early childhood; hyperactivity and the ten- 
sion/fatigue syndrome; prevention of food 
allergy; and related topics. '80, 312 pp., 31 à, 
26 tables, cloth-$28.50, paper-$19.75 


New! BREATHING EXERCISES FOR 
ASTHMA by Karen R. Butts, Cerritos, Cali- 
fornia. Foreword by Lillian W. Lindegren. 
Proven techniques designed to help the asth- 
matic child or adolescent prevent and control 
breathing problems are delineated in this 
well-illustrated manual. Control therapy is 
explained in relation to postural drainage and 
breathing exercises; prevention is outlined via 
static exercises for biochemical/hormonal bal- 
ance. '80, 80 pp. (8 1/2 x 11), 26 il., $11.75, 
spiral (paper) 


NORMAL AND ABNORMAL DEVELOP- 
MENT: The Influence of Primitive Reflexes 
on Motor Development (4th Ptg.) by Mary R. 
Fiorentino, Newington Children's Hospital, 
Newington, Connecticut. Foreword by Myron 
E. Shafer. '80, 80 pp. (6 3/4 x 9 3/4), 91 iL, 
$10.00 


New! MULTIPLE SCLEROSIS IN 
CHILDHOOD: Diagnosis and Prophylaxis 
by E. J. Field, Royal Victoria Infirmary, New- 
castle Upon Tyne, England. The author, 
basing his presentation on more than twenty 
years of research, demonstrates how a bio- 
chemical anomaly affecting unsaturated long 
chain fatty acids is involved in MS and is 
reflected in the surface membrane constitution 
of all body cells, including the oligodendro- 
cyte. 80, 144 pp., 18 il. (3 in color), 17 tables, 
$12.75 


THE HUMAN FETAL AND NEONATAL 
CIRCULATION: Function and Structure by 
S. Zoe Walsh, Karolinska Hospital and Insti- 
tute, Stockholm, Sweden; W. W. Meyer, Univ. 
of Mainz, Mainz, West Germany; and John 
Lind, Karolinska Hospital and Institute, 
Stockholm, Sweden. '74, 368 pp. (7 x 10), 275 
il. (68 in color), 22 tables, $19.00 
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"No need now to 
"sacrifice efficacy for 
& Wair because Eumovate 


_ fulfils the need for a 
T corticosteroid preparation 


with greater topical activity than hydrocortisone, yet 
with a wide margin of safety. 
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(clobetasone butyrate) 
a unique balance of efficacy and safety 















Prescribing information 


—Eumovate IS Suitable for treating the 
forms of eczema, seborrhoeic derm: 


and other Steroid responsive Skin 
conditions 

Dosage and administration 
Apply up to four times a day until 
improvement occurs, when the frec 
of application may be reduced 


Contra-indications 

Bacterial, funga viral diseases of 
Skin 

Precautions 

In infants and children, lor g-term 
ontinuous topical corticosteroid the 


Should be avowed where possible, à 
adrenal suppression can occur. In ir 
the napkin) may act as an occlusive 
jressing, and increase absorption 
Appropriate antimicrobial therapy st 
be used concurrently whenever trea 


nflammatory lesions which have bei 
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Side effects 

nthe uniikely event of signs of 


hypersensitivity appearing, applicat 
Mould stop immediately. If large are 

were to be treated, some patients cc 

absorb sufficient steroid to cause trai 

adrenal depression despite the low d 
1 systemic activity associated with 


lobetasone butyrate 


Local atfoph ( hanges could occur 
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Dut only alter pr NQeo use 


Basic NHS cost (exclusive of VAT) 
25 gram tube £1 -63 (also available 
100 gram tubes 


Product Licence numbers 
Cream: 4/0233 
Ointment: 4/0254 
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AN INTERNATIONAL JOURNAL 
CONCERNED WITH THE CONTINUITY OF FETAL AND POSTNATAL LIFE 





Editor-in-Chief 
JOHN DOBBING 


Department of Child Health. 
University of Manchester, 

The Medical School, Oxford Road, 
Manchester M13 9PT, U.K. 


Associate Editors 
HEINZ F. R. PRECHTL 


Department of Developmental 
Neurology, 

University Hospital, 
Oostersingel 59, 

Groningen, The Netherlands 


JOHN C. SINCLAIR 


Department of Pediatrics, 

McMaster University, 

1200 Main Street West, 

Hamilton, Ontario, L8S 4J9, Canada 


Now established as an authoritative 
voice on early human development, 
this journal provides a unique 
opportunity for researchers and 
clinicians to bridge the communica- 
tions gap between disciplines. 
Creating a forum for the productive 
exchange of ideas concerning early 


human growth and development. 
the journal publishes original 
research papers with particular 
emphasis on the continuum between 
fetal life and the perinatal period; 
aspects of postnatal growth influenced 
by early events; and the safeguarding 
of the quality of human survival. 
Indexed in: Current Contents - Life Sciences. 
Index Medicus. Abstracted in: Brain inform 
ation Service, Excerpta Medica 
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Elsevier Science Publishers 
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New tothe UK 
'ENATAL 


he special formula for 
ow birth-weight babies 


lew to the UK, NENATAL is the first product to be specifically 
mulated to meet the rapid growth requirements of small-for-dates 
nd premature babies. As such, it offers a more appropriate — 
utritional profile than pooled breast milk or full-term formula feeds. 














lease send for: 

Venatal and the Nutritional Needs of the Low birth-weight Infant" 
an important review of current concepts including an ! 
xtensive reference section. | 
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Diseases of Connective Tissue 


The Proceedings of a Symposium organised by 
The Royal College of Pathologists 


Edited by D. L. Gardner 


The cells —Fibroblasts € Chrondrocytes @ Synoviocytes @ The muscle cell @ Extracellular materials— 
Collagens @ Collagen and elastin fibres e Basement membrane e Proteoglycans of cartilage e 
Disease mechanisms—Diseases of the collagen molecule @ Molecular abnormalities of collagen e 
Lysosomes and the connective-tissue diseases € Genetic disease—HLA system and rheumatic disease 
e Replacement therapy in the mucopolysaccharidoses € Genetic disease and amyloid e Inflammation 
and fibrosis —Rheumatoid arthritis—a virus disease? @ Systemic lupus erythematosus— an autoimmune 
disease? € Hepatic cirrhosis—a collagen formative disease? @ Fibrosis of lung—an environmental 
disease? @ Kettle Memorial Lecture—Atherosclerosis—disease of old age or infancy? @ Structural and 
metabolic disease—New knowledge of connective tissue ageing € New knowledge of osteoarthrosis 
e New knowledge of intervertebral disc disease € New knowledge of the pathogenes of gout @ New 
knowledge of chondrocalcinosis @ A consenus—Connective tissue diseases: A consensus. 


Price: Inland £6.00; Abroad US$15.00, including postage 


Payment must be enclosed with order or a surcharge of 50p will be made for rendering invoices and statements 


The Publisher, Journal of Clinical Pathology, B. M.A. House, Tavistock Square, 





London WCIH 9JR 








New Books and new editions to keep yout up to date 


Child Health In The Community 
Edited by Ross G. Mitchell 

1980 Second edition 368pages illustrated hardback 

£16.00 

A highly authoritative book embracing all aspects of child 
care in the community, which has been wholly revised, 
updated and expanded for this edition. 


Reviews of the first edition include: 


'. . . outstandingly valuable . . . excellent, concise 
contributions . . . this book is a milestone.’ 
Developmental Medicine and Child Neurology 


Advances in the Management 
of Cleft Palate 


Edited by M. Edwards and A. C. H. Watson 

1980 312pages 97half-tone +73 line illustrations hardback t 12.00 
A much needed up to date account of all aspects of the 
current management of cleft palate and lip, written by an 
interdisciplinary team of experts. 


Acute Renal Failure 


(Clinics in Critical Care Medicine Series Volume 1) 


Edited by Antoine Chapman 
1980 192pages :lustrated hardback £15.00 


Churchill Livingstone =: 


Robert Stevenson House, 1-3 Baxter's Place, Leith Walk, Edinburgh EH1 3AF 





Provides practical, current information on the pathogenesis, 
diagnosis and management of patients with acute renal 
failure, covering its management in paediatric practice. 


Forthcoming 
Major New Textbook 


Essential Paediatrics 

David Hull and Derek I. Johnston 

316 pages 250 two colour illustrations 37 tables hardback £17.00 
paperback £10.00 

Contains the essential core of knowledge required by 
students during their clinical course, providing a firm 
foundation for practical experience. Superbly illustrated 
with coloured drawings derived from slide packages which 
are closely integrated with the text. 

Important New Series 


Modern Paediatric Cardiology 
Volume 1 

Clinical Diagnosis in 
Pediatric Cardiology 


J. R. Zuberbuhler 
A concise monograph presenting a distillate of modern 


clinical facts about the diagnosis of congenital heart disease. 
>> 











European Journal of 


Pediatries 


Volume 134 Number 2 August 1980 


The Pioneers of Pediatric Medicine 93 


Annotation 
W. Schröter: Glycosylated Hemoglobins and Dia- 
betes Mellitus 95 


Original Investigations 


S. Nagayoshi, H. Yamaguchi, T. Ichikawa, M. Mi- 
yazu, T. Morishima, T. Ozaki, S. Isomura, S. Suzuki, 
M. Hoshino: Changes of the Rotavirus Concentra- 
tion in Faeces During the Course of Acute Gastro- 
enteritis as Determined by the Immune Adherence 
Hemagglutination Test 99 


W. M. Teller, B. Raue, S. B. Pal: Urinary Excretion of 
^^-Pregnenetriol (5-Pregnene-3/,17^-20-triol) in 
Healthy Children 103 


C. Bachmann, J.P. Colombo: Diagnostic Value of 
Orotic Acid Excretion in Heritable Disorders of the 
Urea Cycle and in Hyperammonemia due to Organic 
Acidurias 109 
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Hoinowski, M. Petersen: Absence of a Significant 
Renal Threshold for Two Aromatic Acids in Phenyl- 
ketonuric Children Over Two Years of Age 115 

T. Meloni, S. Erre, D. Gallisai, S. Cutillo: //-Thalas- 
semia Trait and Hyperbilirubinemia in G-6-PD Defi- 
cient Newborn Infants 119 

S. Okahata, Y. Nishi, S. Hatano, Y. Kobayashi, 
T. Usui: Changes in Erythrocyte Superoxide Dis- 
mutase in a Patient with Copper Deficiency 121 
D. Bratlid, P. J. Moe: Hemoglobin and Serum Fer- 
ritin Levels in Mothers and Infants at Birth 125 
M. Hallmann, K. Kankaanpää: Evidence of Surfac- 
tant Deficiency in Persistence of the Fetal Circula- 
ton 129 

W. Muntean, W. Petek: Lupus Anticoagulant After 
Measles 135 

H. J. Bruyere Jr., C. Viseskul, J, M. Opitzy L. O. Lan- 
ger Jr., S.Ishikawa, Bert: A Fetus with 


Subscription Information: Volumes 133 and 134 (3 issues each 


microform editions available upon request 


North America. Subscription rate § 317.00, Japan: Subscription rate: DM 588, — 


Upper Limb Amelia, “Caudal Regression” and Dandy- 
Walker Defect with an Insulin-Dependent Diabetic 
Mother 139 

Ch. Bosch, M. Becker, H. W. Rotthauwe, W. Opfer- 
kuch: Complement Studies in Children with Treated 
Coeliac Disease After Gluten Challenge 145 

B. Koehler: Benign Paroxysmal Vertigo of Childhood: 
A Migraine Equivalent 149 


Short Communications 


M. Gabriel, U. Helmin, M. Albani: Sleep Induced 
PO;-Chànges in Preterm Infants 153 

A. A. Roscher, A. Thetter, U. N. Wiesmann, F. Va- 
sella: Elevated CSF Cyclic AMP Concentrations in 
Patients with Inflammatory Diseases of Cerebral and 
Extracerebral Origin 155 

M. Le Lous, M.-C. Hors-Cayia, G. F. M. Hendrickx, 
P. Maroteaux: Normal Lipid Composition of Fibro- 
blasts from a Case of Type Il Achondrogenesis 159 


Case Reports 


R.C. A. Sengers, A.M. Stadhouders,  H.H.J. 
Jaspar, K.J.B.Lamers, J.M. F. Trijbels, S.L.H. 
Notermans: Muscle Phosphorylase Deficiency in 
Childhood 161 

N. Böhm, G. Krebs: Solitary Rhabdomyoma of the 
Heart. Clinically Silent Case with Sudden, Unexpec- 
ted Death an an 11-Month-Old Boy 167 


D. Lindhout, P.G. Barth, J. Valk, T. N. Boen-Tan: 
The Joubert Syndrome Associated with Bilateral 
Chorioretinal Coloboma 173 


A.Hanukoglu, D.Fried, A. Gotlieb: Dyphenyl- 
hydantoin Induced Hypersensitivity Reaction with an 
Unusual Pupuric Skin Lesion 177 


Announcements 180 


Indexed in Current Contents 
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44 Hartz Way Secaucus, NJ. 07094, USA 


Tel. (2 01) 3 48-40 33. Telex 0023125 994 Telex 01-83 319. 
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CIS FOR COWS MILK INTOLERANCE? 


It has long been recognised that cow's milk 
intolerance in infants may be responsible for failure 
to thrive, characterised by a number of symptoms, 
including diarrhoea, colic, eczema, asthma, wheez- 
ing and many more. 


This variety of symptoms makes the diagnosis 


difficult and estimates of the incidence of cow's 
milk intolerance range between 0.3% and 75% 

of infants, which means that up to 1 in 13 may be 
affected. 

But one thing is certain, the logical treatment 
requires the complete avoidance of cow's milk: In 
young infants who are not entirely breast fed, and 
in older babies and children after weaning, this 
presents a difficult problem. In the past, 
there has been no nutritionally suitable, 
economical and convenient alternative 
to milk feeds. 

But now Wyeth, the makers of 
S-M-A, have introduced Wysoy. 

Wysoy is an infant formula, which 
is prepared from soy bean protein * 
isolate, and is devoid of milk proteins and ` 
of lactose. Yet it still provides complete 
and balanced nutrition for infants, with- 
xut the need for supplements. It may 


also be used in place of cow's milk for older babies 
and children. 

It is available in ready-to-feed form for 
hospitals and, for the home, in easily reconstituted 
powder form. 

MILK-FREE FORMULA FOR INFANTS AND CHILDREN 

Wysoy is a formula of high nutritional value 
for infants and children with special feeding needs. 

Professional advice should be 

2339 followed on matters of infant 
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Current topics 


Perinatal mortality 


PAMELA A DAVIES 


Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


There are 20 conclusions and 152 recommendations 
in the recently published House of Commons 
Report on Perinatal and Neonatal Mortality.! The 
Social Services Committee responsible was chaired 
by Mrs Renée Short. It took evidence from organisa- 
tions and individuals connected with the perinatal 
services; and heard many of them when visiting the 
two regions in England and Wales with the worst 
rates—West Midlands and Northern. Three specialist 
advisers helped throughout the enquiry and with 
drafting. The parliamentarians listened to many facts 
and many strongly held opinions, and have produced 
a report that asks for certain immediate actions and a 
special allocation of funds. The factors causing 
perinatal and neonatal mortality were divided into 
two broad categories—socioeconomic and medical. 
The precise attributes of poverty which are so 
damaging have never been clearly defined but the 
Short Committee expressed its firm belief that 
"well-directed interventions’ could overcome much 
social disadvantage. Their recommendations were 
grouped into three classes: those costing little or 
nothing which should be implemented immediately, 
those also requiring immediate action but costing 
money, and the remainder. 

They started with antenatal care, and urged that 
every possible means should be used to get mothers 
to present themselves to antenatal clinics in the early 
weeks of pregnancy. Health visitors, community 
midwives, and social workers should have the major 
responsibility for this and a special group from the 
primary care team established in each district to find, 
-ounsel, and follow the high-risk mothers. Each 
woman should be seen at least twice during her 
oregnancy by a consultant obstetrician. Proof that 
he much vaunted French financial incentives had 
;layed a major role in reducing perinatal mortality in 
hat country was thought to be unconvincing and 
he Committee did not favour their introduction 
rere. They recommend however that pregnancy 
‘upplements should be paid routinely to women 
eceiving supplementary benefits, or to families on 
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low wages. Education of mothers (and prospective 
mothers) in schools, work places, and practitioners' 
surgeries should proceed apace and include intensifi- 
cation of the Health Education Council's campaign 
to underline the advantages of early antenatal care 
and the dangers of smoking and of alcohol in 
pregnancy. The Trades Union Council was seen as a 
major potential force in urging employers to make 
special provision for pregnant working women, 
as one or two pioneering companies have already 
done. 

Home delivery and isolated general practitioner 
units should be phased out, selection for smaller 
consultant units improved, and the majority of 
women delivered in large units. Continuous recording 
of the fetal heart in labour and the availability of a 
24-hour epidural service was recommended for 
all. Every delivery suite should have a consultant 
obstetrician whose main responsibility was the 
supervision of its practice; and 24-hour anaesthetic, 
obstetric and paediatric cover, immediate access to a 
suitable operating theatre, and proper facilities for 
the early care of sick babies were essential adjuncts. 

The provision of neonatal intensive care cots was 
found to be woefully inadequate and by no means all 
of the regional centres had yet been designated ; 
subregional centres, carefully sited geographically, 
should also be given the facilities and staff for 
short-term intensive care. An immediate increase to 
400 intensive care cots from the present situation of 
under 200 was necessary, although the final number 
eventually needed to take account of the rising birth 
rate would be nearer 700. Neonatal surgical facilities 
should be concentrated in regional units. Back-up 
facilities available throughout the 24 hours from such 
supporting services as radiology, bacteriology, and 
haematology must be considered a sine qua non for 
the regional units. Full-time perinatal pathologists, 
at least one to each region, should have appointments 
in the regional centres and supervise the regional 
services for perinatal pathology. 

The Sheldon report? advocated some years ago a 
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ratio of 3 nurses to every intensive care cot and 1 to 
every special care cot, but that level of staffing has 
never been implemented in many nurseries. The 
Short Committee nevertheless felt this was an 
essential minimum to be put into immediate effect, 
and heard evidence from the South-east Thames 
Region that the provision should be increased to 5:5 
nurses (two-thirds experienced) and 1:5 nurses 
respectively, partly because of the shorter working 
week. The House of Commons Committee 
recommended that infants with minor problems 
should, if possible, be nursed alongside their mothers 
on postnatal wards; and there should be no visiting 
restrictions imposed on the parents, siblings and, 
when appropriate, other family members of infants in 
special and intensive care nurseries. Sophisticated 
modern technology and surgery should not, it was 
advised, ‘be used for the salvage of severely mal- 
formed or brain-damaged infants unless there are 
overwhelming reasons for doing so'; and the parents 
should be involved in discussions about these 
matters. Psychiatric and social worker support 
should be available for the parents of babies in these 
nurseries, and mothers should be able to live in 
before the infants’ discharge home. The Committee 
felt some clinical medical officers and practitioners 
could help with routine examination of the healthy 
newborn. 

There were many other facets of the perinatal and 
neonatal services touched on by the Committee. 
Thus a defined speciality of perinatal medicine did 
not seem really practicable; but neonatal paediatrics 
should be fully recognised as a paediatric sub- 
specialty. A minimum of 50 consultant neonatal 
paediatricians should be appointed in the next 2 
years, while the consultant paediatrician establish- 
ment should be increased urgently to the number 
(746) recommended by the Court report.? The 
Committee agreed that much of the hospital work 
done at present by junior staff should be done by the 
seniors. New committees and working parties were 
recommended: a maternity services committee to 
unify general practitioner and obstetric services, 
monitor district maternity practices, and carry out 
regular audit of perinatal deaths; regional perinatal 
working parties to monitor obstetric and neonatal 
work in each region and to rationalise their services; 
and a DHSS body to be called the Maternity 
Services Advisory Committee to represent the 
interests of obstetricians, neonatal paediatricians, 
practitioner-obstetricians, and midwives. Research, 
teaching, and the standardised collection of data were 
to be greatly encouraged. Genetic services 
appropriate to the current state of knowledge must 
be established. 

Nearly two-thirds of the 152 recommendations fall 


into the category requiring little or no extra expendi- 
ture, and just over one-quarter require money—by 
far the largest portion of it for doctors' salaries, the 
rest for extra nursing staff, for an extended 
midwifery training, for equipment, and for the 
services supporting the regional perinatal units. A 
special allocation of funds is recommended, giving 
the greatest share to those areas of socia! deprivation 
which have the highest perinatal and neonatal 
mortality. 

This Committee was convened, although several 
others (Sheldon,? Court,? Peel,* Oppé?) had already 
investigated the needs of the perinatal and neonatal 
services, ‘because of mounting public concern that 
babies were unnecessarily dying or suffering per- 
manent damage during the latter part of pregnancy 
and the earliest part of infancy’ . . . because ‘mortality 
rates in England and Wales were falling more slowly 
than in any other developed countries’ . . . and 
because ‘there was such inequality there of rates in 
different socioeconomic groups and areas." 

There is no doubt about the last; perinatal 
mortality in social class 5 is double that of social 
class 19 and the disparity has been underlined in 
successive national surveys. "^? The relative situation 
between different areas of the country has changed 
little since Sir Dugald Baird!? displayed them in his 
Ingleby Lectures 20 years ago. Regarding perinatal 
mortality, first-week mortality, and neonatal 
mortality in different countries, the report presents 
graphs showing that in recent years England and 
Wales have been overtaken by France and Japan for 
perinatal mortality, retain their place for first-week 
mortality figures relative to four other countries, and 
have been overtaken by France and Denmark for 
neonatal mortality. In addition, the neonatal 
mortality rate of Northern Ireland has been bettered 
by Eire and Belgium, and that of Scotland by Eire 
and France. There are well-known differences of 
definition for perinatal mortality between countries, 
making exact comparisons difficult, but if one 
presumes they remain consistent over the years, then 
comparison of trends has validity. 

Low birthweight infants ( —2500 g) are responsible 
for over two-thirds of first-week deaths and it is the 
low birthweight rate that is mainly responsible for 
regional and international mortality differences. In 
England and Wales it has consistently remained 
between 6 and 7 ?/ of births since 1953 when accurate 
figures first became available (E Alberman, 1980, 
personal communication). Sweden, where fetal 
heart monitoring is only variably used, fetal scalp 
blood sampling rarely practised, and ultrasound still 
a novelty,!2 has the lowest perinatal, first-week and 
first-month mortality rates, with only 4 to 5% of 
low birthweight infants. However, Alberman!4 


pointed out that even allowing for the high frequency 
of congenital malformations, neonatal deaths in the 
UK for infants of >2500 g were 69 % higher than for 
Sweden, applying 1978 birthweight specific rates. In 
that country though, ‘about 99 % of pregnant women 
attend for all planned visits from the beginning of 
pregnancy until the infant is 4 years old. There is no 
reward, no compulsion; it is just done. !? This 
suggests an educated consumer satisfaction very 
different from things here where in certain areas at 
least one-fifth of pregnant women may not present 
themselves for antenatal care before 20 weeks’ 
gestation, and where attendance at child health 
clinics is missed by those who most need the super- 
vision. When we hear that Swedish clinics are 
within easy reach of everyone, that the relationship 
between nurse and local population is close, that the 
clinics provide uniform recommendations for 
certain circumstances, and doctors work to a 
pattern" it is easy to understand why, although 
naturally such homogeneity is much easier to impose 
in a prosperous country of just over 8 million people 
than in Britain. Those mothers of low socioeconomic 
class in this country who eschew antenatal care often 
do so for entirely understandable reasons, and it is 
thought the great majority of them know very well the 
responsibility they carry for their children's health.!? 
The component parts of antenatal care that are so 
beneficial are not understood. Indeed its productivity 
where prediction or detection of obstetric problems is 
concerned is surprisingly low.!5 Chalmers et al.!? are 
probably right to re-emphasise Ballantyne's original 
dictum that its primary object was to remove anxiety 
and dread from what after all should be a normal 
part of life. Thus humanising the system and 
abolishing cattle market conditions (the Select 
Committee's own phrases) must surely be accorded 
every priority. 

The contention that babies are dying unnecessarily 
or suffering permanent damage as a result of 
inadequate care was undoubtedly the strongest 
motivating force behind this report. The first —that 
there are preventable deaths— is certainly true; such 
deaths surely occur to some extent at all ages in a 
hospital service, and are no less regretted. The simple 
analysis of perinatal deaths by birthweight and major 
pathological subgroups suggested by Wigglesworth?? 
would go much further towards pointing out the 
avoidable factors to obstetricians and paediatricians 
than the Committee's proposed confidential (and 
cumbersome) enquiries. The Committee was 
repeatedly advised that improved perinatal services 
would result in a lower tally of handicap. Detailed 
figures were submitted regarding screening pro- 
grammes for neural tube defects and Down’s 
syndrome. The cost of a prenatal diagnosis and 
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pregnancy termination programme for neural tube 
defects carried out in a high-risk area such as South 
Wales (writer’s italics) would be exceeded in its 
second and every following year by the savings made 
in removing the need for care of severely handicapped 
survivors. A similar programme for Down’s 
syndrome would be cost effective if applied to 
mothers of 40 years or more, but not for those aged 
35-39 years! (writer's italics). 

The bulk of severe disabling handicap in childhood 
is not caused by perinatal factors,?!-?? but it is 
doubtful if this was sufficiently emphasised to the 
Committee. It realised that if the handicap rate 
remained unchanged, the expected rise in birth rate 
during the 1980s would mean a large additional 
financial burden for the country to bear. But 
calculations were made which purported to show 
that improved perinatal care would lead to a 
saving of £152 000 000 over a 10-year period. This 
figure was arrived at by assuming that the perinatal 
mortality rate would fall by 1/1000 total births 
yearly, and that improved perinatal services 
would lead to a fall in the severely handicapped 
of 0-1/1000 per year, or over 3500 such children 
using the projected birth figures for the period. 
There is unfortunately no firm evidence on which 
to base the latter supposition, and some which 
could be interpreted as suggesting a different state of 
affairs. The Swedish cerebral palsy survey?! certainly 
showed a continuing decline in the total incidence of 
all forms of cerebral palsy in one geographically 
defined area between 1954 and 1970. The nearly 
50% reduction was largely due to a significant drop 
in cases of spastic/ataxic diplegia among low 
birthweight children, and not to any pronounced 
reduction among normal weight infants who must 
comprise as we have seen 95% of births in that 
country. The data have recently been extended from 
1971 to 1974 and now show a slight increase in mild 
diplegic cases, mainly among infants weighing 
between 1000 and 1500 g.*° Evidence from Western 
Australia?* suggested that low birthweight and small- 
for-gestational-age infants with neonatal illness 
treated in neonatal intensive care units had signifi- 
cantly increased their contribution to cerebral palsy 
cases between 1968 and 1975, a time of falling 
mortality. A decrease among normal weight infants 
was thought to be associated more with a more favour- 
able birthweight and maternal age distribution than 
with improving care.?? Cerebral palsy cases in the 
Southern Health Board area of Eire showed no 
significant change between 1966-70 and 1971-5, a 
period of falling perinatal mortality.?8 This subjec tis 
discussed in greater detail by Macfarlane and details 
of the Oxford cerebral palsy survey added.2® Such 
population surveys should carry more weight than 
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reports from individual small neonatal units; 
nevertheless such evidence as there is from them does 
not suggest a decrease in handicap with increasing 
complexity of care.??7?? Thus it has to be said that 
frequently repeated statements that modern methods 
of perinatal intensive care are leading to a striking 
reduction in handicap must at present be considered 
uncritical, and almost certainly untrue. If the 
projected rise in births occurs, the number of 
handicapped children requiring support is also 
likely to rise. 

The parlous plight of the country's economy is 
common knowledge, and it seems likely that the 
special allocation of funds asked for by the Select 
Committee will not be forthcoming. The most 
obviously preventable of the perinatal deaths still 
occurring are those due to asphyxia in labour; and it 
is there that the experienced supervision of the mother 
envisaged by the Committee, together with prompt 
resuscitation of the infant and conservation of his 
body temperature at birth, would pay greatest 
dividends. If the extra staff asked for cannot be made 
available and if anything is to be achieved, obstetri- 
cians and paediatricians, together with anaesthetists, 
must be willing to redeploy their services to see that 
24-hour care of this kind is maintained everywhere in 
the country. It should be possible in many places. 
Prevention of preterm labour, a topic of much active 
research at present, would of course also lead to a 
reduction in neonatal mortality.?? But preterm 
labour and low birthweight are to a large extent part 
of the basic problem— poverty. Townsend?! has 
calculated that by the state's own definition, between 
15 and 173 million of our population of some 55$ 
million were in or near poverty in the 1970s. Stacey? 
has pointed out that doctors have failed to act as a 
pressure group to alleviate the causes of the large 
social class differences in mortality and morbidity in 
the UK, trained as they are to deal with disease. It is 
also they alone who regulate the technical intensity at 
which medicine is practised,** and hence its ever 
increasing costs. With finite resources, paediatricians 
responsible for newborn care have to decide on their 
course of action. Either they go on grabbing what- 
ever available money there is to keep or set up their 
regional empires, many of which spend a large 
proportion of their time keeping ever smaller and 
more immature infants alive (for a future of 
uncertain quality sometimes); or they urge with all 
the force at their disposal that available resources 
should be used where they can do most for the 
health of all children—by improving supporting 
health services for mothers and infants within easy 
and inexpensive reach of all, by improving the 
environment for children particularly in inner cities, 
and by improving education. 
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Annotations 


Thoughts on obesity 


It is difficult to write a readable statement on ‘simple’ 
obesity without making assertions for which there 
is little scientific evidence. Indeed reviews on the 
subject should probably carry a warning to this 
effect. This annotation is no exception. 

From the clinical point of view the only thing that 
is simple about obesity is the diagnosis; when it 
matters you can tell at a glance. However, the 
aetiology in any one individual is likely to be com- 
plex, and the management difficult and often un- 
successful.! From much of what is written it would 
appear to be a preventable disorder and as paedia- 
tricians are particularly concerned with preventive 
measures they must respond to any suggestions 
which propose ways by which obesity might be 
avoided. 

When the ‘fat cell number and size’ hypothesis 
was launched over 10 years ago, it presented an 
immediate challenge, for not only did it offer an 
explanation for obesity, it also suggested a way of 
preventing it. It had been found that when very young 
rats were overfed at a time when their adipose 
tissue was growing, an increased number of fat cells 
appeared, whereas underfeeding at this time led 
to decreased adipocyte multiplication and fewer 
cells. After a certain age overfeeding and under- 
feeding affected cell size only.” These rats with 
excess adipocytes became obese adults. One 
attractive explanation for these observations is the 
‘fat cell number and size’ hypothesis which states 
that overfeeding when adipocytes are forming leads 
to hyperplasia and an increase in the overall number 
of adipocytes, and that individuals with increased 
cell numbers are more subject to obesity. 

The search was then on to explore the situation in 
man. Observations in children relating early onset 
obesity with detectable fat cell numbers were con- 
sistent with the hypothesis,*~* so the idea found 
favour in the eyes of paediatricians and nutritionists. 
Ten years later, after many animal and clinical 
studies, the weight of evidence is against the ‘fat cell 
number and size’ hypothesis. For example, the 
number of adipocytes correlates with the degree of 
obesity but not independently with the age of 
onset.6-8 Many of the earlier observations can be 
explained on the basis of empty cells filling or the 
adipose organ developing more rapidly at higher 


planes of nutrition. Much of the human adipose 
organ develops before birth and thus it would be 
reasonable to expect that infants of diabetic mothers 
would have a marked propensity to obesity, and 
that toddlers who were obese were at grave risk of 
remaining so into adult life. Neither appears to be 
the case. 1° Adipocyte transplantation studies 
would suggest that it is the internal environment 
which determines the size of the adipose organ. 7? 
In a recent annotation, Brook concluded that *over- 
feeding’ causes cell hypertrophy which is probably 
the trigger for cell fat replication at any time of 
life.!3 Others have suggested that the number of 
adipocytes may already be fixed by the time 
of birth.? 

Like the mark of a severe winter in the rings of a 
tree, or tetracycline in the bones of a growing child, 
the ‘fat cell number and size’ hypothesis remains in 
the minds of ‘health professionals’, induced as it 
was by popular scientific television and reinforced 
by health education programmes—for example, the 
excellent Open University teaching programmes on 
parenthood. The message was clear, if you overfed 
toddlers you increased their fat cell numbers and thus 
their chances of becoming and remaining fat. 
Memorable but probably not true. I say probably, 
because the original ideas were generated by tech- 
niques and findings which are open to different 
interpretations, and to establish that overfeeding in 
early life does not have any special effect on sub- 
sequent adipocyte function from the methods and 
clinical information available is equally not possible. 
The ‘fat cell number and size’ hypothesis does have 
the virtue that it gives some comfort to the sufferer 
for it transfers some of the responsibility for his 
embarrassing shape to his well-meaning, loving 
parents. 

In the light of this recent experience paedia- 
tricians might be excused for viewing with suspicion 
a new hypothesis to explain obesity. However a 
new one has arisen and it is difficult to resist, for 
it is equally attractive. It offers an explanation for a 
well known and socially unfair phenomenon, that 
some individuals can eat a lot and not get fat, 
whereas others eat little and grow round. We tend 
to belittle these variations in our clinical approach 
to patients, taking the only ‘realistic’ view that 
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obesity is due to eating too much, and that the 
remedy is to eat less. The unhappy implication is 
that within every fat child hides a little glutton. I 
have often felt guilty when recommending dietary 
restriction that this is what is inferred. In some 
instances at least, the implication is both unkind 
and untrue. 

The new idea, which I shall call the *burn it off 
hypothesis, proposes that thin individuals, when 
overfed, burn off the excess; the fat ones, being 
deficient in this capacity, have no choice but to 
store the excess nutrient and put on weight. Adi- 
posity then moves from being a limitation in the 
adipocyte or the adipose organ, to being a disorder 
in the capacity to ‘burn it off’. It has also been 
proposed that the tissue responsible for burning off 
the excess is brown adipose tissue. 

Brown adipose tissue has been shown to have a 
remarkable capacity to oxidise fat to release heat, 
and this function is important in thermoregulation 
in mammals which cold-adapt or hibernate, and in 
the newborn of many species including man.!!-15 
Adult man is not thought to respond to cold exposure 
with ‘nonshivering thermogenesis’ to any significant 
degree. There is considerable evidence from animal 
studies that thermogenesis in brown adipose tissue 
falls after birth as the capacity for shivering thermo- 
genesis increases. The reasons for this decline are 
not known. Histologically the brown adipocyte 
changes to resemble more the white adipocyte. At 
the beginning of the century classical histologists 
fiercely debated whether or not brown adipocytes 
were a precursor of white adipocytes, or whether 
they were and remained distinct tissues.!9* It would 
appear in mammals that certain adipocytes can 
revert to a thermogenic activity. Although multi- 
locular cells resembling brown adipocytes have often 
been reported in human adults there is no evidence 
to indicate that they have thermogenic activity. 

The ‘burn it off’ hypothesis arose out of two 
series of studies, one on animals, again that long- 
suffering experimental animal, the rat, and the other 
on man. Normally rats will only eat that amount of 
food required to meet their energy requirements 
and maintain body weight. However, Rothwell and 
Stock!” succeeded in tempting rats with certain 
delicacies so that they ate nearly twice their food 
energy requirements and it was found that although 
the rats put on a little excess weight, they did not 
become as fat as might have been expected. With the 
increase in food intake there was an increase in 
metabolic rate, and this higher metabolic rate was 
maintained even when the dietary luxuries were 
withdrawn and until the body weights of the rats had 
reverted to that of the controls. In other words, they 
burnt off the excess. The study was made on 
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adolescent rats, both control and study animals 
were still growing. 

They went on to show that overfeeding led to 
hypertrophy of brown adipose tissue, and that 
dietary-induced thermogenesis, like cold-induced 
thermogenesis in the newborn, could be provoked 
by noradrenaline and blocked by propranalol. There 
appears to be no doubt that dietary-induced thermo- 
genesis in brown adipose tissue occurred in overfed 
laboratory rats and that as a consequence the rats 
"burnt off" energy. 

The second series of experiments was on man. 
There have been many studies over the years com- 
paring metabolic rates of obese and nonobese 
individuals—it seems as though the investigators 
felt there was a hidden secret to be discovered. In 
1979 Jung et al.!* found that obese individuals and 
others who had been obese but had managed to 
reduce their weight, had a smaller increase in their 
metabolic rates in response to noradrenaline in- 
fusion when compared with the habitually thin. 
This fits in nicely with the *burn it off" hypothesis. 

No wonder journalists found the idea irresistible. 
On television one woman was shown expressing her 
delight that a chemical explanation for her Obesity 
had been discovered. If the ‘chemistry’ is wrong 
then there is a hope that doctors will find a way to 
put it right and the endless struggle with the appetite 
would be at an end. The hypothesis has immediate 
appeal to scientists and doctors, and to overweight 
patients. 

However, the clinician must remain cautious. 
The ‘fat cell number and size’ hypothesis did at least 
strengthen the resolve of those who encouraged 
mothers not to overfeed their toddlers. If we accept 
that there is a fault in the capacity of an individual 
to burn it off, we might feel less able to urge our 
Obese patients to eat less. 

Before the *burn it off? hypothesis becomes part of 
our thinking in the management of obese patients, 
it would be comforting to have more evidence that 
diet-induced thermogenesis occurs in man; that diet- 
induced thermogenesis acts to control body weight— 
that is, it is not merely secondary to high plane 
nutrition; that obese patients have defective diet- 
induced thermogenesis and that is why they are 
obese; and also some indication of the controlling 
mechanisms and how they, or the end organ, are 
defective in the obese subject. 

If this evidence is forthcoming, then the second 
series of questions may be even more exciting. What 
is the natural history of the ‘defect’? Can it be 
identified early and preventive measures introduced ? 
Is the function open to therapeutic induction? 
Could it be that simple obesity is a glandular 
disorder after all? 
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Selection of patients with intractable epilepsy for 


resective surgery 


Now that the technical problems of complex neuro- 
surgical procedures are being daily minimised by 
advances in znaesthetic, surgical, and neuro- 
physiological techniques, the key to the successful 
use of any procedure, or group of procedures, has 
become the selection of patients. The indications for 
considering operation in patients suffering from 
chronic epilepsy are not of course coincident with 
the criteria for selection for surgery, since the former 
are related to the patient's need for treatment and 
the latter to the likelihood of success. It is essential 
to make this distinction if the technical performance 
of the operative procedure is not the sole arbiter of 
success. Because these operations are uncommon, it 
is necessary to draw upon the experience gained 
with adults as well as children. The indications for 
considering surgery are disabling drug-resistant 
epilepsy, sufficiently well established not to resolve 
spontaneously, and occurring in the absence of 
severe mental retardation or serious psychiatric 
disease, with the exception of certain personality 
disorders. The radiological or neurophysiological 
findings are part of the selection process and will be 
discussed later. We are not concerned with the 
functional treatment of epilepsy—such as by 
stereotactic ablation of intracerebral targets or the 
use of chronic stimulating electrodes—mainly 
because at present there is no uniform agreement 
either about the procedures used or their results. 


Historical background 


It is useful to review briefly the way in which the 
surgery of epilepsy developed during the growth of 
neurosurgery. With the advent of asepsis, anaes- 
thesia, and a knowledge of the principles of cerebral 
localisation, neurosurgery became a practical and 
serious subspeciality. Before the early part of the 
twentieth century, most reports of the surgical 
treatment of epilepsy described single cases, al- 
though there is a remarkable group of 5 patients 
surviving operation in 1828 by a Kentucky surgeon, 
Professor Dudley, with improvements in 3 of them. 
However, before the early part of this century most 
of the successful operations consisted of mere 
trepanation of the skull for the consequences of 
cerebral trauma: such operations were effective in 


patients in whom the epilepsy was due to the effects 
of various extracerebral collections. However, in 
about 1911 a number of papers began to appear 
describing the successful excision of post-traumatic 
cortical scars with the relief of epilepsy. A success 
rate of about 30% was reported for these procedures. 
A good account of the surgery of epilepsy for this 
period 1s given by Talairach et al. 

The scientific foundations of epilepsy surgery 
were laid by Foerster and Penfield? after their 
successful experimental work on the maturation of 
cerebral scars showing that long-term changes 
included neovascularisation and distortion of 
cerebral structures. They transferred this knowledge 
to the treatment of patients with meningo-cortical 
scars as a consequence of head injury, demonstrating 
that clean excision of the scar reduced the epilepsy. 
Earl? had shown that electrical stimulation of the 
exposed cortex under local anaesthetic was useful in 
attempting to delineate the area to be excised in 
cases of focal epilepsy, especially if there was no 
obvious surface abnormality. This method was used 
too by Penfield in Montreal and as the number of 
cases operated on grew, it became evident that the 
results of excision were best when there was a dis- 
crete lesion to be demonstrated in the specimen. 
They also began to use the preoperative electro- 
encephalogram (EEG) as an aid to prognosis* and 
were able to say that if there was a focal abnormality 
in the EEG, the chances of a successful operation 
were about 67%, but if there was no such ab- 
normality, chances fell to 2197. In this way the 
classical approach to resective surgery for epilepsy 
developed. 


Classical practice 7 
The classical approach is exemplified by the criteria 
suggested by Falconer and quoted by Jensen." 
Briefly, these are as follows. The patient should 
suffer with psychomotor seizures (that is focal 
epilepsy relevant to the area of proposed resection), 
which should be long-standing and resistant to 
treatment with drugs. The neuroradiological studies, 
which at that time did not include computerised 
tomography (CT) scans, should either be normal or 
show only slight atrophic changes affecting one 
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temporal horn. The routine scalp EEG should 
consistently show a discharging spike focus in the 
anterior part of one temporal lobe. A sphenoidal 
recording should show a focus of spike discharges 
near the inferior aspect of the temporal lobe or over 
its infero-lateral aspect. Bilateral spike discharges 
were permissible if the frequency on the side of the 
proposed operation was at least 4 times that on the 
other side. The patient's full scale IQ should be at 
least 60. 

Using such criteria and provided the operative 
resection included the mesial temporal structures, it 
was possible to obtain good relief of the epilepsy and 
an amelioration of behavioural disorders with few 
hazards in a group of otherwise untreatable and 
poorly controlled epileptics. Such results have been 
obtained independently in a number of centres and 
are well summarised in a review article by Jensen.® 
Some of these results are shown in Tables 1 and 2. 
An analysis of the results of this type of surgery in 
30 children was reported by Falconer and Davidson,? 
and the results in 40 children (patients aged less than 


Table 1 Results of anterior temporal lobectomy.* 
(The figures indicate the percentage of patients in each 
series according to each outcome group). 





Cases Group Group Group Group Total Operative 
I 2 3 4 per- mortality 
centage 
improved 
Total (793) 43-6 18 16.5 17.3 78.1 1-1 
GMNSU 
(103) 37.9 13.6 29 1 16 5 81:6 19 
(101) 41-6 19.8 1-8 15 8 83.2 
Paris (110) 29-1 36.2 15.5 83 5 1-0 
(La 
Salpetriere) 
Montreal 
(569) 43.8 21 — 35 1 64-8 0-2 





GMNSU = Guy's-Maudsley Neurosurgical Unit 
Group Í no seizures, group 2 seizure rate 75% improved, group 3 
soizure rate 50% umproved, group 4 seizure rate unchanged. 


Table 2 Complications of anterior temporal lobectomy" 


GMNSU Paris Montreal Total 
(n = J00) (n m 110) (a = 161) (a = 358) 
No (%) No (%) No A No (79 
Hemiparesis 
transient 6 ©): 4 BO 4 2.5) 36 (42) 
permanent 3 B 2 (1-8) 4 239) 21. 0» 
Cranial nerve 
palsy Grd) 15 (15) — — — = 32 (7) 
Dysphasia 29 Q9) — — — 45 (5.2) 
Visual field defect (n «»50) 
Hemianopià 2 (4) 66 (60) 1 (2) 79 (15 6) 
Quadrant- 
anopia 40 (80) 34 (33) 32 (54) 179 (35.4) 
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GMNSU ~ Guy's Maudsley Neurosurgical Unit. 


Table3 Results of temporal lobectomy in 40 children 


Pathological Worthwhile improvement Remainder 
findings te et 





Group 1 Group 2 Group 3 Group 4 





sclerosis 14 6 4 0 


encephalitis — SN on 1 
1 — 1 5 





Group 1 fit-free or almost so, group 2 fit frequency 25% or less 
compared with preoperative rate, group 3 frequency 5027 compared 
with preoperative rate, group 4 unc 

In 2 patients there was dual disease (Falconer, 1975, unpublished data). 


15 years at operation), are shown in Table 3. The 
highest proportion of failures, as in adults, was in 
those patients in whom the resected temporal lobe 
contained no specific pathological lesion. It can be 
seen that the short-term results were good, but there 
are no long-term studies. It was hoped that the bad 
effects of chronic epilepsy on education and 
adolescence would be avoided. Unfortunately, in 
mixed and adult series the long-term results, 
especially if the epilepsy persists, are disappointing, 
the late mortality 1s high, although it is lower than 
in unoperated cases.’~* 

Although in this annotation the emphasis is on 
temporal lobe resections, if similar considerations 
are applied to other parts of the cerebral hemispheres, 
especially if a clear lesion can be shown, results of a 
similar order can be obtained. Thus, although 
resections in the frontal, parietal, and central areas 
are less common, they can be equally successful. In 
this respect, an area of local and nonprogressive 
disease 1s the best situation for a good result; with 
rare exceptions, patients with progressive disease or 
only an electrical abnormality obtain either no 
benefit or only a transient improvement. Results of 
a large series of resections in cortical areas other 
than the temporal lobes were accumulated in 
Montreal and have been reviewed by Rasmussen.? 


Pathophysiology 


Epilepsy surgery has been well established in a 
number of centres now for at least 20 years, and it 
is useful to consider whether experimental know- 
ledge and modern investigative techniques should 
alter these classical selection criteria. Otherwise we 
may be excluding from operation patients who 
might benefit. 

The neurophysiological experiments relating to 
the surgery of epilepsy are those in which an 
irritative agent—such as penicillin powder, cobalt 
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salts, or cold—are applied to the cortical surface so 
as to create a primary focus of epileptic activity. 
More recently even smaller foci have been created 
by the iontophoretic application of agents such as 
ferric salts. The epileptic activity at such a primary 
focus then gives rise to a secondary epileptic focus 
in the homotopic area of the contralateral cortex. At 
first this ‘mirror’ focus fires in relation to the 
primary focus and then becomes independent of it. 
The speed with which this process occurs varies, but 
generally speaking the higher the animal is on the 
evolutionary scale, the longer it takes and the less 
certain it is. Thus the time course ranges from a few 
hours in reptiles, through 12 hours to from 4 to 5 
days in small laboratory mammals, to between 3 and 
5 months in primates. Furthermore, if in these 
experiments the primary focus is ablated or dis- 
connected by appropriate fibre tract section, then 
the *mirror' focus may cease to be active. 

It has proved impossible to demonstrate a similar 
sequence of events in the clinical situation, although 
one author has tried. There may be a number of 
reasons for this. Among them however, must be 
considered the idea that after a while the neuro- 
physiological abnormalities become so bizarre and 
widespread that the patients automatically select 
themselves out of any consideration of surgery. 
However, sometimes the process is not progressive 
and a patient presents who has a single focus con- 
sistently proved over many years. 

Goddard" first described a process known as 
‘kindling’ in which it was found that repetitive, 
twice daily, stimulation of certain parts of the rat's 
brain would lead to facilitation of epileptic path- 
ways, and that this facilitation would persist after 
the stimulation had stopped. This phenomenon has 
no direct parallel in clinical experience, unlike the 
‘mirror’ focus where there are certain analogous 
situations. It was pointed out by Krynauw,!? in his 
paper recommending hemispherectomy, that ab- 
normalities in the healthy hemisphere in the EEG 
would recede and the appearance become more 
normal after the removal of the diseased hemisphere, 
and we have seen the same thing in isolated cases as 
did Falconer and Pond, who demonstrated in 2 
patients that small, calcified lesions in the posterior 
temporal and parietal regions could give rise to 
anterior temporal abnormalities which resolved 
after removal of the lesion. Such a delayed improve- 
ment is fashionably known at the present time as 
‘run-down time’.!3 

Although the precise analogy with the ‘mirror’ 
focus cannot be demonstrated in patients, never- 
theless, it can certainly be shown, using chronically 
mplanted depth electrodes placed stereotactically, 
hat although seizures may originate in one temporal 


lobe there may be more florid EEG abnormalities 
in the opposite one. Thus Crandall! demonstrated 
that whereas, using scalp recording, a unilateral 
focus could only be demonstrated in 30% of their 
patients, the proportion could be increased to 73 pi 
by the use of this depth-recording technique. 


C T scanning 


The relationship between EEG and structural ab- 
normalities is clearly complex and has been further 
complicated by the introduction of CT scanning. In 
a population of chronic epileptics this investigation 
will increase the number of patients known to have 
organic lesions and in particular will increase the 
proportion in whom tumours are identified from 
5 to 1077.1? Because this investigation will not show 
small atrophic lesions—such as mesial temporal 
sclerosis—a negative scan does not preclude surgery. 
However, CT scans will generally show tumorous 
lesions especially if iothalamate enhancement is used. 
The ability to see structural lesions more certainly 
with scanning has two important consequences in 
selecting patients for resective surgery. The first is 
that it resolves the situation if the EEGs show 
widespread abnormalities in the presence of a single 
structural lesion. In the past, with the aid of skilled 
and experienced neurophysiologists, together with 
certain additional manoeuvres such as the carotid 
amytal test, it has been possible to separate functional 
neurophysiological abnormalities from structural 
ones, but even so, the CT scan has made surgery 
possible in a group of patients who would earlier 
have been rejected. The second consequence is in 
relation to the age at which surgery is undertaken. 
Previously it was difficult to distinguish between 
those children in whom the epilepsy might settle 
down and those in whom it would persist, although 
patients who come to surgery in whom a clear lesion 
is found, it is a constant feature of the clinical 
history that the epilepsy has always been difficult to 
control with medication. The scanner helps to select 
some of these patients at an earlier stage. In addition, 
the demonstration of an abnormality on the CT 
scans, will often prompt the patient, his relatives, 
and the referring physician to enquire about surgery 
at an earlier stage in the illness. / 
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survival and handicap of infants with spina bifida 


RALPH ALTHOUSE AND NICHOLAS WALD 
ICRF Cancer Epidemiology and Clinical Trials Unit, Radcliffe Infirmary, University of Oxford 


SUMMARY A follow-up study was carried out on 213 infants born with spina bifida cystica (including 
encephalocele and occipital meningocele) from 1965 to 1972 to women resident in Oxfordshire and 
the western part of Berkshire. The 5-year survival rate was 36 % (39/107) for those with open lesions, 
60 75 (30/50) for those with closed ones, and 18 % (10/56) for those with lesions which could not be 
classified (not known) but which were probably nearly all open. The extent of handicap among 
these survivors was assessed by means of criteria described by Lorber;! among those with open 
lesions (including ‘not known’) 847; (41/49) were severely handicapped, 10 % (4/49) were moderately 
handicapped, and only 6% (3/49) had no handicap; among those with closed lesions, 37 % (11/30) 
were severely handicapped, 33% (10/30) were moderately handicapped, and the remaining 30% 
(9/30) were not handicapped. Closed head lesions (encephalocele or occipital meningocele) were 
more often associated with severe handicap (6/8; 75%) than were closed spinal lesions (5/22; 23 %). 
The children with open lesions who survived for at least 5 years spent, on average, at least 6 months 
in hospital during the first 5 years of their life and had, on average, at least 6 major surgical operations. 
In comparison, those with closed lesions spent one-third less time in hospital, and had fewer than 
half as many operations. During the period of the study a selective treatment policy was adopted 
typical of that commonly practised now, and all the infants were born before antenatal screening 
had been introduced. Our results therefore may be helpful in assessing the benefits to be expected 


from antenatal screening for open spina bifida. 


Screening programmes for neural-tube defects using 
the measurement of maternal serum  alpha- 
fetoprotein (AFP) can identify about 85 ?; of women 
who are carrying a fetus with an open neural-tube 
defect (about 807; of those with open spina bifida 
and 90% with anencephaly).? An assessment of the 
extent to which screening and antenatal diagnosis 
based on amniotic fluid AFP measurement will 
prevent the birth of viable but handicapped infants 
requires data on survival and degree of handicap for 
infants born with spina bifida according to whether 
the lesions were open or closed, since the amniotic 
fluid AFP test will, in general, only detect open 
lesions. 

Many previously reported follow-up studies of 
infants born with spina bifida were based on patients 
referred to treatment centres and so excluded 
stillbirths and neonatal deaths, as well as those 
infants so slightly affected that treatment could be 
provided at local hospitals. Because of the selective 
nature of the populations studied, their natural 
history may not be representative of all infants born 
with spina bifida. Three such studies were based on a 
complete and therefore unselected series?-? but were 
carried out over 17 years ago and could not therefore 


assess the extent of survival and handicap which 
followed the advances in the treatment of spina bifida 
made during the 1960s—such as the introduction of 
the Spitz-Holter valve. Only one of them,’ a relatively 
small study in which 28 children survived to 5 years 
of age, classified lesions as open or closed. 

There is little published information on the use of 
medical care services in a population of children with 
spina bifida, and recent reports of cost-benefit 
analyses of screening for spina bifida9-? have 
necessarily been based on assumptions. The present 
follow-up study attempted to overcome these 
problems by following up an unselected series of 
infants with spina bifida cystica (including 
encephalocele) whose lesions were classified as 
either open or closed, who were born before antenatal 
diagnosis for spina bifida was introduced, and who 
were in general treated in a manner typical of that 
which would be offered under current medical 
practice. 


Methods 


238 infants born between 1965 and 1972 inclusive to 
women normally resident in Oxfordshire or the 
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western part of Berkshire, who were noted at birth 
to have any spinal abnormality, an encephalocele, or 
an occipital meningocele were identified through the 
Oxford Record Linkage Study (ORLS).? The ORLS 
collects details, including those relating to mal- 
formations, of all hospital deliveries and domiciliary 
births in the area. Copies of birth and stillbirth 
certificates are also sent to the ORLS office from the 
Office of Population Censuses and Surveys for 
children born in England or Wales to women living 
in the study area, so that if ORLS misses a birth it 
will be noticed and corrected. 

As an additional check on the completeness of the 
series, (1) ORLS records of hospital admissions and 
deaths were searched for those with any mention of 
spina bifida, (2) necropsy reports listing spina bifida 
as an underlying cause of death were sought in the 
pathology departments of hospitals in the area, (3) 
the diagnostic indices of the ORLS area hospitals 
were culled for details of infants with spina bifida 
who had been treated there, and (4) the Area Health 
Authority register of handicapped children was 
checked. From all these sources, 8 additional 
children with spina bifida were identified, and the 
series reported here is thus virtually complete. 
However, the inclusion of children identified because 
of their death is likely to bias the analysis of survival, 
since other spina bifida children who may have been 
missed at birth but did not die were less likely to be 
identified. Similarly, the inclusion of children 
identified because of hospital admission is likely to 
bias the analysis of handicap, since children missed at 
birth but unaffected by the lesion may not be 
admitted to hospital. These 8 children identified 
outside the ORLS were therefore excluded. 

Data were abstracted from each child's hospital 
records, the ORLS records and, where applicable, the 
stillbirth or death certificate. The data collected 
included information on the state of the child at 
birth, the duration of survival, the extent of handicap, 
and the medical services used. If the child had died 
necropsy reports were sought. Additional informa- 
tion on children who were stillborn, or who died in 
the neonatal period, or whose medical records were 
otherwise insufficient, was obtained from medical 
notes relating to the delivery at the hospital where the 
child was born. If information was still missing after 
checking these sources, a letter requesting the 
information was sent to the consultant or general 
practitioner caring for the child. 

Of the 238 cases identified, 9 children were 
incorrectly diagnosed as having spina bifida in either 
the ORLS maternity records, the death or stillbirth 
certificate, or both. In these cases, the error was 
confirmed either radiologically or by a necropsy 
examination, and these children were excluded. Two 


children who were found to have been born to 
mothers normally resident outside the study area and 
13 children with spina bifida occulta (distinguished 
from spina bifida cystica by having only a bony 
defect with no neural or meningeal involvement) 
were also excluded. 

Every child, except one who could not be traced, 
was followed using the records specified above either 
to death or to the end of 1977, so that the minimum 
duration of follow-up for live patients was at least 
5 years. There were therefore 213 infants with a 
confirmed diagnosis of spina bifida cystica, 
encephalocele, or occipital meningocele (hereafter 
referred to simply as spina bifida unless otherwise 
specified) identified at birth by the ORLS during the 
study period who were satisfactorily followed up. 
The survival of these infants was analysed directly 
up to 5 years, and using lifetable methods thereafter. 
Tests of statistical significance were calculated using 
the logrank y? test.!? 

Following previous practice? lesions were con- 
sidered open if there was exposed neural tissue or if 
the lesion was covered with a thin transparent 
membrane, and c/osed if completely covered with 
skin or with thick opaque membrane. Spontaneous 
leakage of cerebrospinal fluid from the lesion after 
birth was taken to indicate an open lesion, unless it 
was stated that the sac had ruptured during or after 
delivery. If the exposure of the lesion could not be 
determined the case was classified as not known. 
Encephaloceles were taken to be lesions of the head 
or cervical spine containing brain tissue, while 
lesions which contained spinal cord were considered 
myeloceles. Lesions not containing any neural tissue 
were termed meningoceles. 


Results 


Of the 213 infants, 107 (50922) had open lesions and 
50 (2497) had closed lesions; 56 (26%) had lesions 
which could not be classified, generally because the 
infant was stillborn or had died so soon after birth 
that a detailed description of the lesion was not 
made. Survival at 5 years expressed as a proportion 
of those alive at one day was similar for children with 
open (39/98; 40%) and ‘not known’ lesions (10/24; 
42%), and both of these rates were lower than those 
for children with closed lesions (30/42; 72%). This, 
together with other analyses presented later, suggests 
that most of the ‘not known’ lesions were probably 
open. Table 1 shows the diagnosis of lesions 
according to whether they were open, closed, or 
‘not known’. 27 (13%) of the infants had lesions of 
the head (mostly encephaloceles). While these lesions 
represent only 5 and 7% respectively, of all open 
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Table 1 All spina bifida: diagnosis of lesion according to whether it was open or closed, and whether it affected 


the head or spine 


——————————————————————————————————— 








Lesion Head Spine Total 
Encephalocele ^  Meningocele Not Total Myelocele Meningocele Not l Total 
specified* specified* 
et 
Open 3 (14) 1 (100) 1 (20) 5 (19) 100 (71) 2 (n 0 (0) 102 (55) 107 (50) 
Closed 16 (76) 0 (0) 2 (40) 18 (67) 13 (9) 19 (70) 0 (0) 32 (17) 50 (24) 
Not known 2 (10) 0 (0) 2 (40) 4 (15) 27 (19) 6 (22) 19 (100) 52 (28) 56 (26) 
Total 21 (100) | (100) 5 (100) 27 (100) 140 (100) 27 (100) 19 (100) 186 (100) 213 (100) 


*Presence or absence of neural tissue in the lesion could not be determined from medical records. 


Percentages are shown in brackets. 


Table 2 All spina bifida: survival according to whether the lesion was open or closed 


Lesion No born Liveborn 

No (94) 1 day 1 week 
Open 107 101 (94) 98 (92) 88 (82) 
Closed 50 43 (86) 42 (84) 40 (80) 
Not known 56 37 (66) 24 (43) 20 (36) 
Total 213 181 (85) 164 (77) 148 (69) 


and ‘not known’ lesions, they accounted for 36 % Of 
all closed lesions (18/50). 

Table 2 shows the survival of children to age 5 
according to whether the lesion was open, closed, or 
‘not known’. Most deaths occurred during the first 
6 months. Lifetable analysis of survival after 5 years 
indicates little additional mortality; the 10-year 
survival rate was estimated to be 35% in the group 
with open lesions and 54% in the group with closed 
ones. 

32 (15%) infants were stillborn and 17 (8 ^5) more 
died on the first day, before they could be considered 
for surgery. Table 3 shows survival rates for the 
remaining children who were alive at the end of one 
day according to whether they were treated. Only 3 
(5%) children survived to one year without surgery, 
and they had died by 18 months. In contrast, 72 
(7795) children who received surgical treatment 


Table3 All spina bifida excluding stillbirths and deaths 
in the first day: survival according to whether surgical 
treatment was given 


Prognosis Number of children alive at the end of each period 


———————————————— 





l day 1 week 1 month 6 months 1 year 5 years 

——— —.——— IR MN 
Poor: no 

surgery 63 48 (76) 35(56) 09(14) 3 (5) 0 (0) 
Moderate: 

surgery 

performed 93 92 (99) 87(94) 83 (89) 79 (85) 72 (77) 
Good: 

surgery not 8 8(100) 8(100) 8 (100) 7 (88) 7 (88) 

needed 


Percentages of those alive at 1 day are shown in brackets. 


Number of children alive at the end of each period (% survival of all births) 


e 


1 month 6 months l year 5 years 
76 (71) 51 (48) 45 (42) 39 (36) 
37 (74) 34 (68) 32 (64) 30 (60) 
17 (31) 15 (27) 12 (21) 10 (18) 
130 (61) 100 (47) 89 (42) 79 (37) 


were alive at 5 years, and the lifetable analysis 
predicted that 74% would be alive for 10 years. 
Among infants receiving surgery, survival was similar 
regardless of the type of lesion; 75%, 86%, and 71 97 
of children with open, closed, and ‘not known, 
lesions, respectively, were alive at 5 years. 

Table 4 shows that the proportion of infants 
surgically treated decreased significantly during the 
period of the study, reflecting the change from a 
policy of surgical treatment for most children to a 
more selective one. Over the same time, survival rates 
at 5 years of age have also significantly decreased. 
These data, together with those presented in Table 3, 
suggest that surgical treatment is a major variable 
affecting survival. 

Table 5 describes the extent of handicap according 
to the type of lesion. These analyses were restricted 
to children who survived for at least 5 years, since 
few children died after 6 months, and handicaps 
such as incontinence, immobility, and intellectual 


Table 4 All spina bifida excluding stillbirths and deaths 
in the first day: proportions having surgery, surviving to 
5 years, and not handicapped 


——————————— 





Children Year of birth 
1965-6 1967-8 1969-70 1971—2 trend 
Numberalive > 1 day 43 44 31 46 — 
Receiving surgery 35 (81) 25(57) 14(45) 19 (41) 15.0** 
Surviving to 5 years 31 (72) 21(48) 16(52) 18 (39) 8.0* 
Without handicap at 
5 years 2 (5) 1 (2) 4(13) 5(11) 2-5 


*P<0-01, **P<0-001. 
Percentages are shown in brackets. 
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Table 5 Children with spina bifida who survived for at least 5 years: description of handicap according to whether 


lesion was open or closed 
Description of handicap 











Lesion Total 
Open Closed Not known 
No (%) No (%) No (%) No (7Q 
Mobility 
Walks without calipers or aids 9 (23) 21 (70) { (10) 31 (39) 
Walks with calipers 21 (54) 4 (13) 5 (50) 30 (38) 
Chairbound 9 (23) 5 (17) 4 (40) 18 (23) 
Urinary incontinence 
Continent 9 (23 20 2 (Q0 
Incontinent nd ma n bu, 
Method of urinary control 30 (77) 10 (33) 8 (80) 48 (61) 
special training 5 1 1 7 
nappies at 5 years of age and older 11 4 4 19 
penile urinal 4 ] 2 7 
surgical treatment 10 3 I 14 
not known 0 1 0 1 
Urinary infections 
None IO (26) 19 (63) 1 (10) 30 (38) 
Moderate* 1t (28) 5 (17) 8 (80) 24 (30) 
Severe 17 (44) 5 (17) I (10) 23 (29) 
Not known 1 (3) i (3) 0 20) 
Hydrocephaly 
None 8 QD 17 (57) 1 (10) 26 (33) 
Hydrocephaly not requiring a shunt 9 (23) 4 (13) 1 (10) I4 (18) 
Hydrocephaly requiring a shunt 22 (56) 9 (30) 8 (80) 39 (49) 
Intelligence 
Normal . 23 (59) 20 (67) 6 (60) 49 (62) 
Moderate mental retardation 11 (28) 6 (20) 4 (40) 21 Q7) 
Severc mental retardation 4 (10) 4 (13) 0 (0) 8 (10) 
Not known 1 (3) 0 (0) 0 (0) I (1) 
Schooling 
Normal school 12 (31) 17 (57) 3 (30) 32 (41) 
Day school 
physically handicapped 19 (49) 6 (20) 7 (70) 32 (41) 
mentally handicapped 1 (3) 2 (7) 0 (0) 3 (4) 
Residential school 
physically handicapped 4 (10) 1 (3) 0 (0) 5 (6) 
“mentally handicapped o (0) i1) 90 (0) 1 (0D 
None 1 (3) 2 (7) 0 (0) 3 (4) 
Not known 2 (5) i 9) 0 (0) 3 (4) 
All children 39 (100) 30 (100) 10 (100) 79 (100) 


*Intermittent periods of infection controlled by antibiotics or antiseptics. {Constant infections, often remaining symptomatic even with regular 


treatment, may include hydroureter or 3ydronephrosis plus pyelonephritis. 


iin general the IQs equivalent to the above intelligence categories were: normal, 7-85; moderate mental retardation, 50-84; and severe mental 
retardation, <50. Formal IQ scores were recorded for only 31 (38 *2 children; among the remainder, level of intelligence was inferred from 


clinical description and abilities in schooling. 


defect can be more reliably measured in older 
children. Handicap was assessed according to the 
least severe grade of disability. For example, a child 
mainly confined to a wheelchair but able to walk 
occasionally with calipers was placed in the *walks 
with calipers’ group. In most instances, the distribu- 
tion of the extent of handicap for the infants with 
‘not known’ lesions was similar to that for infants 
with open lesions. Children with open lesions were 
less likely to be able to walk unaided than children 
with closed ones. They were more often incontinent 
of urine and had more frequent and more serious 
urinary tract infections than did children with closed 
lesions. Among children who were incontinent, the 
methods of treatment were similar for infants with 
different types of lesion. 


Fewer children with closed lesions developed 
hydrocephaly than those with open ones. The 
proportion of children with normal intelligence 
was lower among children born with open lesions, 
compared with children with closed lesions, and 
about twice as many needed special educational 
arrangements. 

Table 6 shows the extent of handicap in children 
surviving for at least 5 years using criteria developed 
by Lorber. In general, most children with open 
lesions were severely handicapped (82%), and while 
the proportion of children with closed lesions who 
were severely handicapped was much less (37%), it 
was still a sizeable proportion. 

The 163 infants born with open or ‘not known’ 
lesions spent 14 123 days in hospital in the 5 years 


E 
. 
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Table 6 Children with spina bifida who survived for at least 5 years: extent of handicap according to whether the 


lesion was open er closed 


men a ae e E a a t a a a a t 











Extent of Spusal lessions Spinal and head lesions 
handicap 

Open Closed Not known Total Open Closed Not known Total 
None* 2 (5) 8 (36) 0 (0) 10 (14) 3 (8) 9 (30) 0 (0) 12 (15) 
Moderatet 4 (11) 9 (41) 1 (10) 14 (20) 4 (10) 10 (33) i (10) 15 (19) 
Severet 31 (84) 5 Q3) 9 (90) 45 (65) 32 (82) IL (37) 9 (90) 52 (66) 
Total 37 (100) 22 (100) 10 (100) 69 (100) 39 (100) 30 (100) 10 (100) 79 (100) 
*No abnormality detected 


tAny one or more of the following: (1) urinary 1ncontmence with adequate control with or without mild urinary tract infections; (2) hydro- 
cephalus without shunt or well controlled with a shunt; (3) muscle weakness not requiring calipers or wheelchair. Additionally, a child with 
moderate mental retardation (1Q 50-84), but without any other handicap, was coded to this group. (These criteria were based on those developed 


by Lorber.!) 
{Any more severe abnormality than listed above. 
Percentages are shown in brackets, 


Table 7 Children with spina bifida who survived for at least 5 years: number and type of surgical operations 


according to whether lesion was open or closed 





Lesion Type of operations Total No of Mean No 
infants operations 
Shunt Revisions Urinary Orthopaedic General* per infant 
of shunt 
Spinal 
Open 22 36 11 123 44 236 37 6-4 
Closed 6 23 » 13 10 54 22 2:5 
Not known 8 9 1 44 6 68 10 6.8 
Total 36 68 14 180 60 358 69 §-2 
Spinal and head 
Open 22 36 It 123 45 237 39 61 
Closed 9 27 2 13 25 76 30 2.5 
Not known 8 9 H 44. 6 68 10 6.8 
Total 39 72 14 180 76 381 79 4.8 


+ 


*For example—aquint repair, dental extractions under general anaesthetic, orthopaedic pin removals, or manipulation under general anaesthetic. 


after their birth—an average of 87 days per affected 
birth. This is the expected number of hospital days 
which would be saved over 5 years for each spina 
bifida birth prevented through antenatal diagnosis 
and elective abortion. Similarly, the 50 children with 
closed lesions spent 4039 days in hospital in the 
5-year period after their birth—an average of 81 
days per affected birth. These averages under- 
estimate the number of days in hospital for surviving 
children, since many affected infants died at birth 
or in the first few months of life. 

On average, children with open lesions who 
survived to 5 years of age spent 152 days in hospital 
during their first 5 years of life. Children with closed 
lesions averaged 104 days, and children with ‘not 
known' lesions 174 days. Table 7 shows the number 
of major surgical procedures in children surviving to 
age 5. Children with open or ‘not known’ lesions had, 
on average, over 6 operations during this time, 2-5 
times more than children with closed lesions. 


Discussion 


The 5-yeer survival of infants with spina bifida 
was 36% (39/107) if the lesion was open, and 


60% (30/50) if ıt was closed, but among infants 
with head lesions survival was relatively unaffected 
by whether the lesion was open or closed (40 and 
44°% respectively). | 

About four-fifths of children with open lesions 
who survived for 5 years were severely handicapped, 
while only about one-tenth had no handicap. In 
comparison, about one-third of those with closed 
lesions were severely handicapped and a further 
third had no handicap. Closed head lesions were more 
often associated with severe handicap (6/8; 75%) 
than were closed spinal lesions (5/22; 23%). Infants 
with closed lesions thus do not have a uniformly good 
prognosis, and interestingly our results are similar 
to those of Knox, who found that 31% (5/16) of 
infants born with closed spinal lesions were severely 
handicapped. 

26% of infants in our study had lesions classified 
as ‘not known’. Our view that most of these were 
probably open is supported by the observation that 
their patterns of handicap (Tables 5 and 6), use of 
medical care services (Table 7), and their survival 
rates after the first day of life were similar to those 
for infants with open lesions. It was also supported 
by the observation that 17% (32/186) of infants in 
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our study had closed spinal lesions, similar to the 
proportion in the UK. Collaborative Study (18 %).? 

From 1965 to 1972 the proportion of children 
surgically treated decreased from 81 to 41% (Table 
4), reflecting the stricter application of a policy of 
selecting for surgery only those children whose 
prognosis seemed promising. This surgical policy, 
suggested by Lorber, is currently used in many 
centres treating children with spina bifida. The 
Oxford experience in survival and handicap should 
thus be comparable with what would be expected in 
the future from selective treatment for spina bifida. 

The pattern of survival and handicap in our study 
is reasonably consistent with that of other studies, 
allowing for the fact that there were differences in 
how the populations were defined and in the pro- 
portion receiving surgery. 51% (93/181) of liveborn 
infants were operated on in Oxford. This was a 
higher proportion than in the studies by Laurence? !? 
(almost none received surgery), and Knox? (34%), 
but less than in the one by Lorber! (100%). It was 
however, similar to the proportion in the study by 
Mawdsley et al? (64%). Stark and Drummond" 
studied only liveborn infants with open lesions 
and found that 48% were operated on, not very 
different from our own figure of 50% (51/101) 
among similar infants. Survival in Oxford was 
also similar to that found in the last two mentioned 
studies; in the study by Stark and DrummondH 
38% of liveborn infants with open lesions survived 
for 5 years compared with 39% (39/101) in Oxford, 
and in the study by Mawdsley ef al.? 46% of all 
liveborn infants survived for 5 years compared with 
44° (79/181) in Oxford. Stark and Drummond" 
found that 75% of infants who survived one year 
were severely handicapped (compared with 82% 
at 5 years in Oxford), while in the study by Mawdsley 
et al the percentage of infants with open lesions 
who were severely handicapped at 3 years was 
somewhat lower (57 9). 

The results of our study suggest that out of every 
100 infants born with open spina bifida (excluding 
head lesions) 31 (47/154) (Tables 1 and 6) will 
survive for at least 5 years and 26 (84%) of them 
(Table 6) will be severely handicapped. A further 3 
infants will have moderate handicap (Table 6). 
Therefore, between one-quarter and one-third of 
infants with open spina bifida can be expected to 
survive for at least 5 years with handicap. Maternal 
serum AFP screening will identify about 80% 
(about 22) of these,? assuming that the level of 
serum AFP in spina bifida pregnancies is not 
related to the extent of handicap among long-term 
Survivors. 
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Extrahepatic biliary atresia: preoperative assessment 
and surgical results in 47 consecutive cases 


H T PSACHAROPOULOS, E R HOWARD, B PORTMANN, AND A P MOWAT 


Department of Child Health, Department of Surgery, 


Medical School, London 


and Liver Unit, King's College Hospital 


SUMMARY Of 47 consecutive infants with extrahepatic biliary atresia, effective bile drainage with 


the return of the serum bilirubin concentration to normal, was achieved in 17 


(38%). Direct 


bile duct-to-bowel anastomosis, attempted in 15 infants, produced bile drainage in only those 4 
(9%) in whom bile could be seen within the bile duct remnants at laparotomy. 13 (45%) of 29 
infants subjected to portoenterostomy (direct liver-to-bowel anastomosis) had satisfactory pro- 
longed bile drainage with normal serum bilirubin values. Although a correct preoperative diagnosis 
was made in each case, in 3 (6°) the 72-hour faecal rose bengal !?'] excretion was greater than 
10% of the injected dose, and in 5 (11 Yo) the hepatic histology did not indicate bile duct ob- 
struction, showing that both investigations are necessary for preoperative diagnosis. Preoperative 
clinical, laboratory, and hepatic histological features in the 16 jaundice-free survivors showed no 


significant difference when compared 


with the 31 infants in whom surgery was successful. 


Cholangitis occurred in only 7 (43%) of 16 infants with satisfactory bile drainage and was easily 
controlled with antibiotic treatment. No cutaneous enterostomies were performed. In most sur- 
vivors liver function tests remain abnormal, but the patients are symptom-free. While it is too early 
to predict a long-term prognosis for these children, our eldest survivors are healthy and show normal 


development. 


Extrahepatic biliary atresia is characterised by com- 
plete obstruction of bile flow due to obliteration, or 
complete destruction, of part or all of the extra- 
hepatic bile ducts. There is associated intrahepatic 
fibrosis which leads ultimately to biliary cirrhosis. 
Without effective surgery death from cirrhosis and 
its complications occurs in most children by age 2 
years. 

Results of surgical treatment of biliary atresia vary 
greatly.’ However, reports from two centres in Japan 
and North America, each with a wide experience of 
the condition, indicate that jaundice-free survival has 
been achieved after portoenterostomy in 4297? and 
55%? of children with so-called 'noncorrectable" 
type of atresia which extends into the proximal bile 
ducts in the porta hepatis. Surprisingly, only 1797 
success was achieved by the more conventional 
technique of anastomosing residual segments of 
proximal bile duct to bowel. 

This report describes the results of surgical treat- 
nent in 47 consecutive children referred with 
*trahepatic biliary atresia in the last 5 years and 
'onsiders the influence of preoperative factors, 
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laparotomy findings, surgical procedures, and 
subsequent complications on the short-term prog- 
nosis. 


Patients and methods 


From July 1973 to December 1978, extrahepatic 
biliary atresia was confirmed at laparotomy in 47 
patients, 25 girls and 22 boys. Genetic causes of 
cholestasis had been excluded by appropriate 
testing.! The !?![ rose bengal faecal excretion was 
less than 10% of the injected dose in a 72-hour 
period, and percutaneous liver biopsy showed 
changes consistent with bile duct obstruction, in all 
except the cases specified below. Biopsies were 
obtained using the Menghini technique with local 
anaesthesia. 

The histological findings in the liver biopsies were 
assessed prospectively by two observers (BDP and 
APM). Cirrhosis was graded as being absent, 
present, or doubtful; and 11 pathological features 
were graded as being absent, mild, moderate, or 
severe (Table 2). A histological diagnosis of bile 
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duct obstruction was made when increased fibrosis, 
oedema, bile duct reduplication, and cellular in- 
filtrate were present in all portal tracts in the biopsy. 
The diagnosis was considered definite, probable, or 
unlikely, depending on the severity of such changes. 
Standard laboratory methods were used to determine 
serum bilirubin, aspartate amino-transferase, alka- 
line phosphatase, gamma-glutamyl transpeptidase, 
albumin, and prothrombin time. Data were analysed 
by computer using standard statistical techniques. 

For purposes of comparison the 16 patients who 
survived without jaundice were designated group I, 
the remaining 31 cases group 2. 


Results 


Preoperative clinical and laboratory features. All 
infants were born to healthy unrelated parents from 
families without any history of significant liver 
disease. Pregnancies were of normal duration but 
the birthweights of 4 infants were below the 5th 
centile for gestational age. Major congenital 
anomalies—comprising colomboma of the left eye, 
bilateral cleft palate and lip, duodenal stenosis with 
malrotation in the bowel—were present in 3 infants 
in whom surgery was ineffective, and malrotation of 
the bowel was present in one infant in whom surgery 
was successful. 

Jaundice dating from the first week of life occurred 
in 36 infants, but was first noticed after 4 weeks of 
age in 2, and in 1 at 12 weeks of age. Acholic stools 
were observed by the third week of life in most 
patients, but in 1 only at 12 weeks of age. Pruritus 
occurred in 9. Three infants had an episode of 
significant spontaneous bleeding. 


The age on admission to this hospital ranged from 
4 to 34 (mean 9:7) weeks. Hepatomegaly (liver edge 
palpable more than 3 cm below the costal margin) 
was noticed in 39 infants, and 22 had splenomegaly. 
An umbilical hernia was found in 8 infants. Two had 
hydroceles and 2 inguinal herniae, but none had 
ascites. 

Significant increases in both total and conjugated 
serum bilirubin, aspartate transaminase, and alkaline 
phosphatase were found in all cases, but the range 
of values was wide (Table 1). Serum albumin con- 
centrations were normal in all instances. Prolonga- 
tion of the prothrombin time in 3 infants was 
rapidly corrected by vitamin K. Generalised amino- 
aciduria occurred in 13, none of whom showed a 
raised serum amino-acid concentration. Nine had 
nonglucose-reducing substances in urine samples. 
There were no significant differences between 
groups | and 2 with respect to clinical or laboratory 
findings, with the exception of the umbilical hernia 
which occurred only in patients in group 2 
(0:2— P 0:1). 


Hepatic histology, rose bengal excretion, and in- 
dication for laparotomy. 45 of 47 biopsies showed 
intracellular cholestasis, which was moderate or 
severe in 79%. 12 (25°%) cases also showed moderate 
or severe giant cell transformation of the hepatocytes. 
In the portal tract there were moderate or severe 
changes as follows: increased fibrosis (79%), 
cellular infiltration (79%), bile duct reduplication 
(7597), and oedema (55%) (Table 2). 

Although giant cell transformation was more 
often present in group | patients and disruption of 
limiting plate was less common in group 2, within 


Table 1 Clinical and laboratory data for 47 patients with extrahepatic biliary atresia 


Group I (n 
after surgery 


16). normal serum bilirubin 





Group 2 (n =31), surgery unsuccessful 





Mean SD 

















Range Range Mean SD 

Gestation (weeks) 37-42 39-2 1-2 37-42 39-7 1-4 
Birthweight (kg) 2-2-3-9 3-22 0-4 2.5-4.08 3.08 0-6 
Age at onset of jaundice (days) 1-28 6-5 8.8 1-90 8-2 16 
Age at onset of acholic stools (weeks) 1-6 2.2 be] 1-12 3-4 3-0 
Hepatomegaly (cm) 2-7 4-0 1-34 2-8 4-4 1-8 
Splenomegaly 9 cases 14 cases 
Umbilical hernia — — — 8 — = 
Bilirubin (pmol/l) 

(normal range 34-20. 4) 95-330 218 74 80-345 210 58 
Aspartate transaminase (IU /1) 

(normal range 10-45) 54—580 189 120 74-900 215 184 
Alkaline phosphatase (IU /1) 

(normal range 60-250) 123-1350 444 362 98-800 381 179 
Albumin (g/l) 

(normal range 35-50) 35-43 39 2-9 35-49 4.0 4-0 
Rose-bengal 

(°% faecal excretion) 2-10 5-0 2.6 0-15 3:5 3.5 
Age at operation (weeks) 8-21 12-1 4-1 6-37 13-8 6-3 


Conversion: SI to traditional units—bilirubin: 1 pmol/l ~0-058 mg/100 ml, albumin: 1 g/l «0-1 g/100 ml. 
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Table 2 Histological assessment of percutaneous 
preoperative liver biopsy in patients free from 
Jaundice (group 1) and with continuing jaundice (group 2) 


Cirrhosis None Doubt ful Definite 
Group 1 11 4 l 
Group 2 19 10 2 


aaa 





Portal tract Group None Mild Moderate Severe 
Increased fibrosis l 0 2 12 2 
2 3 5 21 2 
Oedema l l 6 9 0 
2 2 12 16 l 
Cellular infiltrate l 0 6 10 - 
2 l 17 13 - 
Bile duct reduplication 1 0 7 7 2 
2 3 10 14 4 
Bile plugs l 8 5 2 l 
2 11 14 6 0 
Disruption of 
limiting plates I l 15 
2 9 20 2 0 
Parenchyma 
Intralobular fibrosis l 11 0 0 
2 13 17 l 0 
Hepatic necrosis l 4 12 0 0 
2 12 18 l 0 
Giant cells 
transformation I 2 10 l 3 
2 12 11 8 0 
Cellular infiltrate l 0 13 3 0 
2 0 28 3 0 
Cholestasis l | 2 11 2 
2 l 4 22 4 


both groups all grades of severity were observed for 
the other features listed in Table 2. Statistical 
analysis showed a correlation between the age at 
biopsy and interstitial fibrosis (P<0-0015) and 
cirrhosis (P —0-01), but not for other histological 
features. There was no correlation between the age 
at biopsy and the confidence of the histological 
diagnosis. 

In 18 cases a firm histological diagnosis of bile 
duct obstruction was made, while in 24 cases the 
diagnosis was considered to be probable. In 5 
infants portal tract changes were mild or absent 
and bile duct obstruction was considered unlikely. 
In all 5 however, the rose bengal excretion was 
less than 10%, and laparotomy was advised because 
hepatocellular changes were only mild or moderate. 
The +I rose bengal faecal excretion was less 
than 10% in all except 3 infants, in whom the 
excretion was 10:3, 11:4, and 15%. In the third 
case there was urinary contamination of the stools. 
Hepatic histology indicated bile duct obstruction in 
each. 

Laparotomy at age 10 weeks was undertaken in one 
case because the liver biopsy was strongly indicative 
of bile duct obstruction and the rose bengal ex- 
cretion was 9%, but operative cholangiography 
showed a patent narrow biliary tree. Repeat 
aparotomy at age 16 weeks when the rose bengal 


faecal excretion was 4% showed biliary atresia 
extending to the common hepatic duct. A bile duct 
to jejunal anastomosis was unsuccessful. 


Laparotomy findings, operative procedures, and 
results. All operations were performed by one 
surgeon (E R H). 20 children had cirrhosis, 8 being 
in group |. 12 (6 in each group) had an increase in 
free fluid. Operative procedures and their outcomes 
are shown (Fig. 1). In 15 children, atresia of the 
common bile ducts and distal hepatic ducts with a 
macroscopically patent segment extending up to the 
liver was found. Each was treated by anastomising 
the patent proximal segment of bile duct to a 30 cm 
Roux-en-Y loop of jejunum, but in only those 4 in 
whom bile was identified in the patent bile duct 
was this operation successful in producing bile 
drainage, as shown by bile-pigmented stools and a 
reduction in the serum bilirubin concentration to 
normal. In one of these, intractable diarrhoea 
developed 3 months after surgery, leading to death 
9 months later. A subphrenic abscess was found at 
necropsy. Three survive with normal concentrations 
of serum bilirubin, 3, 4, and 33 months after surgery. 
Nine died of cirrhosis, the age of death ranging from 
3 to 24 (mean 10-7, SE 2:0) months. 

There were 2 early postoperative deaths due to 
ileus and peritonitis, 4 and 62 days after surgery. 

In 32 infants the atretic process extended up to the 
porta hepatis and there were no macroscopically 
visible patent bile ducts. In 3 patients in whom no 
bile duct remnants were seen and advanced cirrhosis 
and portal hypertension were present, no corrective 
operative procedure was attempted. 29 cases were 
treated by portoenterostomy with a technique 
similar to that described by Kasai?-7 In this 
operation the remnants of the extrahepatic ducts 
were identified by dissecting the gall bladder and 
cystic duct towards the porta hepatis. The duct 
remnants were dissected completely to their origin 


47 Patients 
‘Correctable’ 'Noncorrectable' 
(n=15) (n 232) 
Bile in No bile 
ducts in ducts Aaa ee 
(n=29) (n= q) 
No jaundice Jaundice No jaundice Jaundice 
(n=4) (n=11) (n=13) (n=16) 
Alive Dead Alive Dead Alive Alive \ Dead 
(n=3) (n=1) (nz1) (n=10) (n=3) (n=4) (n=12 ) (n=3) 
Fig. 1 Summary of operative diagnosis and outcome of 


surgical treatment in 47 consecutive cases of 
extrahepatic biliary atresia. 
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above the bifurcation of the portal vein. The rem- 
nants were transected at the junction with the liver 
capsule and an anastomosis constructed between 
the edges of the transected tissue and a 30 cm 
Roux-en-Y loop of jejunum using fine, interrupted 
sutures of silk. Cutaneous enterostomies were not 
used in any operation. 

Hepato-portoenterostomy was ineffective in 
returning the serum bilirubin concentration to 
normal in 16 patients. In 2 of these the stools became 
pigmented and the serum bilirubin fell significantly. 
One developed ascites and died of liver failure 
within 3 months. The other infant died unexpectedly 
in her sleep 2 months after surgery, the last recorded 
total serum bilirubin concentration being 94 umol/I 
(5-5 mg/100 ml). 14 have already died from cirrhosis, 
the age of death ranging from 4 to 44 (mean 14, 
SE 3) months. The remaining 13 infants have 
survived without jaundice for 8 to 65 (mean 20, 
SE 3:5) months after surgery. Bile-stained stools 
became apparent in the first postoperative week in 
5 children, and in the remainder between the 2nd 
and 15th (mean 3:6) week. The serum bilirubin 
concentrations returned to normal 1 to 26 (mean 
11:5) weeks after surgery. 

With both operations all infants have received 
prophylactic antibiotics, generally in the form of a 
cephalosporin or intravenous gentamicin for 1 to 4 
weeks after surgery. While on milk feeds a supple- 
ment of medium-chain triglycerides was used. A 
multi-vitamin preparation (Ketovite) was given 
orally. Intramuscular vitamin K, 5 mg/weekly and 
vitamin D, 10 000 IU/monthly, were given for the 
first 3 months after surgery. All infants received 4 g 
cholestyramine a day in divided doses with feeds, 
and phenobarbitone 15—45 mg each evening. 

All 16 survivors show normal development for 
their ages (range 3-65) mean 20, SE 4:5 months. 
Their growth is satisfactory with weights ranging 
from the 3rd to 75th centile, the mean being at 
the 35th centile. None has any symptom or sign— 
such as rickets—attributable to hepatobiliary 
disease. 14 have easily palpable, firm or hard 
livers, and 13 have persistently palpable spleens. In 
one child a previously palpable spleen can no longer 
be detected. 

Although the serum bilirubin values have returned 
to normal, the aspartate transaminase (Fig. 2) and 
alkaline phosphatase (Fig. 3) are abnormal! in most 
patients. Serum albumin and prothrombin con- 
centrations are normal. 


Complications. A clinical diagnosis of cholangitis 
was made in patients who developed unexplained 
fever associated with a rise in serum bilirubin con- 
centration. In only 2 cases was a pathogen (Escher- 
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Fig. 2 Aspartate transaminase concenti ation at last 
follow-up in jaundice-free survivors. 
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Fig. 3 Alkaline phosphatase concentration at most 
recent follow-up of jaundice-free survivors. 


chia coli) found on blood culture and in one on liver 
biopsy culture. Twelve such episodes occurred in 
7 infants, 3 infants had two attacks, and 1 infant 
three. In every instance, the cholangitis settled 
rapidly after intravenous antibiotics in the form of 
ampicillin (6 cases), gentamicin (5 cases), and co- 
trimoxazole (1 case). One episode occurred on the 
10th postoperative day, ten between 1 and 6 months 
after surgery, and one after 10 months. Four episodes 
occurred in infants receiving cephalosporin pro- 
phylaxis. Ascites occurred in 7 children between 
2 and 19 months after surgery. This was controlled 
by spironolactone in a dose of 25-100 mg/24 hours 
which was stopped without recurrence of ascites 
after 4 to 12 weeks in all but 3 cases. 

In only one child was alimentary bleeding a 
problem. Oesophageal transection was performed at 
age 40 months because of recurrent haematemesis. 
No further bleeding has taken place in the subsequent 
3 years. 


Extrahepatic biliary atresia: oreoperative assessment and surgical results in 47 consecutive cases 855 


Discussion 


This report shows that the operation of porto- 
enterostomy can result in jaundice-free survival 
for children with extrahepatic biliary atresia who 
had previously been thought to be ‘inoperable’. It 
also calls into question the use of the term ‘correct- 
able’ as applied to extrahepatic biliary atresia. 
‘Correctable’, in this context, implies the presence 
of residual segments of extrahepatic bile ducts in 
the porta hepatis which communicate with intra- 
hepatic ducts and through which bile drainage may 
occur after the construction of a conventional bile 
d.ct-to-bowel anastomosis. In previous series of 
extrahepatic biliary atresia, between 4 and 35 75 of 
cases were considered 'correctable',! but effective 
long-term bile drainage is exceptional? In this 
series ‘correctable’ atresia was overdiagnosed at 
laparotomy and of 15 in whom a bile duct-to-bowel 
anastomosis was made, only 4 who were found to 
have bile in the bile duct remnants at operation lost 
their jaundice. Thus only 8-5% of 47 cases were 
‘correctable’. We now believe that when bile is not 
found in these residual segments, the more radical 
operation of portoenterostomy should be performed, 
as 13 (45%) of 29 cases diagnosed as ‘noncorrect- 
able’ lost their jaundice after it. This result is 
similar to the 42% success of portoenterostomy 
described in a detailed report by Altman? from a 
5-year experience of this operation, and to the 55 p.d 
success achieved by Kasai er c[.? during a 6-year 
period. 

Less spectacular results from portoenterostomy 
continue to appear however, and of 111 cases 
treated in this way by Odiévre,? only 22 (1997) were 
free of jaundice one year later. 

Reports from Japan? !° indicate that best results 
are achieved if portoenterostomy is performed 
before the child is aged 60 days. For example, 
Kasai et al. obtained 91 ?; bile drainage in patients 
younger than 60 days, but only 17°% in children over 
90 days of age.? The results in this series show a 
similar trend but to a less pronounced degree, for 
although 8 (47%) of 17 of those operated on at less 
than 12 weeks became free of Jaundice, 5 (4197) of 
12 operated on after 12 weeks were equally success- 
ful. Laparotomy therefore, should not be denied to 
older infants but should be performed as soon as 
biliary atresia is suspected. The value of the com- 
bined use of liver biopsy and the !?![ rose bengal 
faecal excretion in prelaparotomy diagnosis is well 
illustrated in this series. A faecal excretion in 72 
hours of less than 10% of the intravenously in- 
jected rose bengal was found in 44 (939%), and in 42 
(89%) biopsies was considered indicative of extra- 
hepatic biliary atresia, but when considered together, 


severe cholestasis was correctly attributed to extra- 
hepatic biliary atresia in each instance. 

The results of surgery did not correlate with the 
preoperative clinical or laboratory features or with 
the severity of liver damage found in preoperative 
liver biopsies, either in this series or in that of 
Hitch er al." Effective bile drainage was achieved in 
8 infants with cirrhosis at laparotomy. 

Ascending cholangitis is often a problem after the 
successful construction of any biliary-enteric anasto- 
mosis. [n patients with extrahepatic biliary atresia, 
it may cause considerable morbidity and add to the 
liver damage. Diagnostic criteria for cholangitis 
vary but the reported incidence ranges from 71 vn 
to as high as 10075? despite complex surgical 
procedures—including the fashioning of a cutaneous 
biliary fistula—undertaken to prevent cholangitis. 
Despite using criteria which would seem to over- 
diagnose cholangitis, the overall incidence was only 
43% with the use of a simple Roux-en-Y drainage 
loop. Although 4 children had repeated attacks, 
all settled rapidly with systemic gentamicin. The 
mechanism of cholangitis is poorly understood, 
while contamination by gastrointestinal organisms 
and ascending infection is favoured as a cause,!! 
Hirsig et al. suggest that obstruction to hepatic 
lymphatic drainage is an important factor. 

Portal hypertension is another consequence of 
biliary atresia frequently found in long-term 
survivors—over half of cases of Miyata et al.!? and 
of Alagille!'S—but it may resolve spontaneously. 
Only one child in this series had problems from 
portal hypertension requiring oesophageal tran- 
section for severe bleeding at 40 months of age. 

Most children in whom surgery was successful 
are thriving and symptom-free, in marked contrast 
to those in whom surgery was unsuccessful most 
had clinically hard livers and splenomegaly. The 
serum alkaline phosphatase levels have returned to 
normal in only 4 of 14, while aspartate transaminase 
is normal in only 2 of 13. Further follow-up will be 
necessary to determine the ultimate prognosis for 
this group of infants. On-going liver disease may- 
be as important as effective bile drainage in deter- 
mining long-term survival. Follow-up liver biopsies 
in 8 of 11 jaundice-free survivors after porto- 
enterostomy showed progression of hepatic fibrosis, !7 
This may occur without attacks of cholangitis.!* 
The mechanisms of the progressive liver damage 
and its course are unknown and unpredictable. 
Healthy long-term survival to the third decade does 
occur after portoenterostomy? and 36% of a series 
of cases operated on by 60 days of age are alive at 
> years.” Portoenterostomy therefore, although not 
an ideal operation, currently offers the best hope for 
children with extrahepatic biliary atresia who had 
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previously been considered ‘inoperable’. Earlier 
diagnosis and improvements in surgical technique 
may allow more infants to benefit, but better 
understanding and control of the intrahepatic 
complications or associations of the atretic process 
would appear to be necessary if all are to benefit 
from surgery. 


We thank our colleagues in the Division of Pathology, 
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the care of these patients, the nursing staff who 
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Dr G Psacharopoulos for statistical analysis, Mrs 
Pamela Golding for typing the manuscript, and the 
many colleagues who have referred patients and 
assisted in their follow-up. 
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Penicillin allergy: anti-penicillin IgE antibodies and 
immediate hypersensitivity skin reactions employing 
major and minor determinants of penicillin 


R K CHANDRA, S A JOGLEKAR, AND E TOMAS 


Department of Paediatrics, Memorial University of Newfoundland, and Dr Charles A Janeway 
Child Health Centre, St John’s, Newfoundland, Canada 


SUMMARY 300 children considered to have had adverse reactions to penicillin were examined. 
Informed consent was obtained from the parents. Skin tests were conducted by the scratch/prick 
and intradermal techniques, using benzylpenicilloyl polylysine conjugate and a mixture of minor 
determinants of penicillin. Specific anti-penicillin IgE antibodies were estimated by the radio- 
allergosorbent test. There was a good correlation between the two methods. The overall frequency of 
positive tests was 19%. 11 children showed cutaneous reactivity only to the minor determinants 
mixture. Positive results were found more often in those with accelerated adverse reactions, particu- 
larly anaphylaxis, serum sickness, angio-oedema, or urticaria. The validity of penicillin-negative 
results was confirmed by drug challenge in 56 subjects, only 2 of whom showed a slight skin rash. 
Of 5 patients with positive tests, inadvertent administration of penicillin produced accelerated 
urticaria in all. 14 of 42 children with positive tests had lost hypersensitivity to penicillin one year 
later. In a separate group of 50 children with a history of adverse response to ampicillin, the overall 
frequency of positive tests was 12%; 38% showed evidence of recent E-B virus infection. It was 
concluded that penicillin allergy is often overdiagnosed. The diagnosis can be reliably confirmed by 
skin tests using major and minor determinants of benzylpenicillin and by the radioallergosorbent 


test; such hypersensitivity is not permanent. 


Allergy to penicillin is the most frequently diagnosed 
drug adverse reaction. In our hospital, 897 of all 
patients are alleged to have hypersensitivity to 
penicillin. Since the penicillin group of antibiotics is 
the safest and most effective antibacterial, it is 
lesirable to find out whether a patient is allergic to 
the drug. Apart from clinical history, there are two 
nethods for confirming or excluding the diagnosis: 
1) Skin tests using major and minor determinants 
(f penicillin*.'~* (2) Penicilloyl-specific IgE anti- 


*The generic term penicillin is used for the entire group of 
iatural and semisynthetic penicillins. The basic structure of 
he compound consists of a thiazolidine ring connected to a 
yeta-lactam ring to which is attached a side chain. The 
ntegrity of the penicillin nucleus, 6-aminopenicillanic acid, 
s essential for biological activity. Penicillinase breaks down 
he molecule to penicilloic acids. Hypersensitivity can occur 
o the ‘major determinant’ penicilloyl polylysine (called 
major’ because of the frequency with which hyperactivity 
o this compound underlies allergic reactions to penicillin), 
o the ‘minor determinants’ (metabolic degradation products 
f penicillin; these are called ‘minor’ because of the relative 
nfrequency of allergy to these compounds, although the 
everity of adverse reaction can vary from slight to fatal), or 
o both. For further information on immunochemistry of 
yenicillin hypersensitivity, see Clarke et al.5 


bodies measured by the radioallergosorbent test 
(RAST).! We have investigated a large series of 
children using both these methods and find that 
penicillin allergy is frequently overdiagnosed; only 
19% of them showed positive tests. 


Subjects and methods 


300 children attending the hospital as outpatients or 
inpatients were referred to one of us (RKC) for 
evaluation of suspected allergy to penicillin. An 
additional 50 children with alleged allergy to 
ampicillin were tested separately. Any child who was 
known to have had penicillin without any adverse 
reaction since the earlier diagnosis of penicillin 
hypersensitivity was excluded. Informed consent was 
obtained from the parents. The study protocol had 
been approved by the Human Experimentation 
Committees of the hospital and the university. 

A detailed history of the suspected adverse reaction 
to penicillins was obtained from the parents; this 
was supplemented by information obtained from the 
attending physician or hospital records, or both. The 
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indications for treatment with penicillin were upper 
respiratory infection (in 153), otitis (101), sore throat 
(54), pneumonia (26), urinary infection (18), and 
skin infection (12). The following reagents were used 
for skin tests: benzylpenicilloyl-polylysine (Kremers- 
Urban) in a concentration of 6 x 10% mol/l, minor 
determinant mixture (MDM) containing sodium 
benzylpenicillin G, sodium p-benzylpenicilloate, and 
sodium p-benzylpenilloate each in a concentration 
of 1 x 107? mol/l. In some children, MDM of 
ampicillin was also used. All test reagents were 
dissolved in sterile 0-01 mol/l phosphate buffer and 
0-15 mol/l sodium chloride. Phosphate-buffered 
saline was used as a negative contro! and to rule out 
skin reactions due to dermatographism. 

Skin testing was done on the inner volar surface of 
the forearm. In each child, a scratch or prick test was 
performed initially. If there was no reaction to the 
scratch or prick test within 10 minutes, an intradermal 
test was performed by injecting 0-03 ml of the 
material intracutaneously with a 26 gauge needle on 
a tuberculin syringe. The patients were observed for 
at least 20 minutes. A weal reaction of 3 mm larger 
than that of the saline control was considered to be 
positive. Skin tests were deferred if the adverse 
reaction to penicillin had taken place within the 
previous month, or if the patient had received anti- 
histamines or corticosteroids within the preceding 
48 hours. 

Blood was obtained from each patient and the 
serum stored at —209C for up to 4 weeks until the 
in vitro tests were performed. Immunoglobulins were 
estimated immunochemically by the method of 
single radial diffusion in agar or nephelometry using 
monospecific antiserum (Hyland). IgE was estimated 
by radioimmunoassay (Pharmacia) RAST was 
performed using benzylpenicilloy] and phenoxy- 
methylpeniciloyl conjugated to human serum 
albumin, and coupled to cyanogen bromide- 
activated cellulose paper discs (Pharmacia). 


Results 


The overall frequency of positive tests—skin reaction, 
RAST, or both—was 19% (Table 1). There was a 


Table 1 Incidence of positive tests for penicillin allergy 


Procedure Children with positive tests 
Skin tests 48 (16)* 

Mayor determinant 

Minor determinants 11 

Both 7 
RAST 42 (14) 
Skin tests -- RAST 33 AD 
Skin tests only 15 (5) 57 (19) 
RAST only 9 (3) 


*Percentage of the total number of 300 children. 


significant correlation between immediate hyper 
sensitivity skin tests and the in vitro technique fo 
estimating IgE antibodies to penicillin, both wer 
positive or negative in 78% of patients. 11 childre 
showed a positive reaction only to MDM. Positiv 
results were obtained more often in those who ha 
recently been treated with penicillin (Table 2), ii 
those with an accelerated adverse reaction (Table 3) 
and if the hypersensitivity manifested as anaphylaxis 
angio-oedema, serum sickness, or urticaria (Table 4) 
Total serum IgE was raised 1n 42 subjects but thi 
did not correlate with the presence of antipenicillin 
specific IgE antibodies or with positive skin tests 
Many individuals with total serum IgE within th 
normal range had evidence of penicillin hyper 
sensitivity as judged by RAST or cutaneous reac 
tions. 

The validity of the testing procedures was show! 
by subsequent drug challenge in 56 children witl 
negative tests; only 2 showed a slight erythematous 
non-itchy skin rash. The inadvertent administration 


Table2 Relationship of positive results to time 
elapsed since adverse reaction 


Percentage of children with 
positive results 


Time interval (months) 


1 3 18 6 
4-12 9 3 
13-60 45 
>60 19 


Table 3 Relationship of positive results to speed of 
adverse reaction 


Percentage af children with 
positive results 


Duration of treatment with 
penicillin before adverse reaction 


(hours) 

<12 21-2 
13-24 11 9 
25-48 6 3 
49-72 21 
72 1-9 


Table 4 Relationship of positive results to the natiune 
of adverse ieaction 


Manifestation No tested Children with positive 

results 

No p^ 
Accelerated skin rash* 68 17 25 
Delayed skin rasht 159 9 5 6 
Urticaria 49 18 36.7 
Angio-oedema 15 8 54 4 
Serum sickness 2 2 100 
Anaphylaxis 3 3 100 
Others 4 — — 


*Skin rash appearing within 24 hours of starting treatment wit] 
penicillin. tSkm rash observed more than 24 hours after startin: 
treatment with penicillin. 


of penicillin in 5 patients with positive tests resulted 
in rapid generalised urticaria in each (Table 5). 

In 42 children with positive tests, the procedures 
were repeated one year later. 14 showed negative 
responses at the time of rechallenge and were given 
penicillin without any adverse reaction. 

The data on 50 children with adverse response to 
ampicillin were analysed separately (Table 6). It was 
found that 38% of children who had developed a 
maculopapular skin rash after the administration of 
ampicillin had evidence of past Epstein-Barr virus 
infection, as shown by positive mono spot test or by 
immunofluorescent demonstration of antibody to 
E-B virus. The use of MDM ampicillin did not 
increase the number of positive tests. 

The various allergic and immunological disorders 
incidentally found in the study group are shown in 
Table 7. 


Table 5 Drug challenge 











Total Skin RAST Children with adverse reaction 
no tests ——————— — 
No Clinical features 
56 Negative Negative 2 Erythematous non-itchy skin 


rash 


3 Positive Positive 3 Accelerated urticaria, one with 
angio-oedema 

l Negative Positive | Accelerated urticaria 

l Positive* Negative | Accelerated urticaria 


*This child had reacted only to MDM. 


Table 6 Incidence of positive tests in children with 


adverse reaction to ampicillin 
Naan nena sss 


Procedure Children with positive tests 








skin tests 5 (10)* 
Major determinant 3 
MDM-benzylpenicillin 2 
MDM-ampicillin 2 
RAST 4 (8) 
ikin tests + RAST 3 (6) 
kin tests only 2 (4) +6 (12) 
RAST only 1 (2) 
Antibodies to E-B virus 19 (38) 


— UU 
Percentage of the total number of 50 children. 

“wo children reacted to MDM-benzylpenicillin as well as to MDM- 
mpicillin. 


able 7 Associated allergic and immunological 
lisorders 
en nnn nnn ss 





Jisorder No (94) 

;czema 27 (7.7) * 
isthma 26 (7-4) 
thinitis 19 (5-4) 
Jrticaria 17 (4-8) 
dlergy to other drugs 9 (2-5) 


'ommon varied immunodeficiency 16 (4-5) 

elective IgA deficiency 7 (2-0) 
PP EE 
Percentage of the total number of 350 children. Some children had 
iore than one clinical manifestation. 
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Discussion 


Estimates of the incidence of allergy to penicillins 
range from 1 to 10% of all patients given this anti- 
biotic. In addition to its extensive use in medicine, 
there is constant human exposure to penicillin from 
contamination of foods and from  penicillin- 
producing ubiquitous organisms in the environment. 
Many different degradation products of penicillin 
are implicated in penicillin allergy. The most 
frequently incriminated is the penicilloyl group, the 
so-called *major determinant'. It should be stressed 
however, that reactivity to degradation products of 
penicillin, the so called *minor determinants', may 
be severe. There is the suggestion that MDM 
reactivity is more often associated with severe 
anaphylactic reactions. In our study group, the 
diagnosis of penicillin hypersensitivity might have 
been missed in 11 patients if MDM had not been 
included as a test substance. There was a significant 
correlation between skin reactions and RAST, both 
tests were positive or negative in 78; of patients. In 
another report, skin tests performed with penicilloyl- 
polylysine showed an overall correlation of 91-597 
with RAST results.? 

In this study, several clinical correlates of ob- 
taining positive tests were observed. Positive tests 
were seen more often in those with a recent history of 
drug adverse reaction. Moreover, of 42 children with 
positive tests who were checked again a year later, 
14 had lost their reactivity to penicillin. This may 
reflect the progressive decline in the titre of penicillin- 
specific IgE antibodies with time. In some studies, the 
frequency of positive skin reactivity had declined 
greatly when the tests were done several years later. 
Wide and Jublin’ obtained positive skin tests and 
anti-penicillin IgE antibodies in all of 11 patients with 
a recent episode of anaphylaxis or urticaria after 
treatment with penicillin but in none of the 12 patients 
with similar reactions 7 months to 14 years before 
testing. In another study, the frequency of positive 
skin reactions decreased from 77 % at 3 months after 
the adverse reaction, to 25% after 5 years.? On the 
other hand, the American Academy of Allergy Study 
Group? found a lack of strong correlation between 
the results of skin testing and the interval of time 
since the earlier penicillin reaction. We did not find 
any correlation between age and the frequency of 
positive reactions. 

We observed that penicillin hypersensitivity tests 
were more often positive in individuals with a history 
of accelerated adverse reactions occurring within 24 
hours of starting treatment with penicillin. Delayed 
reactions are likely to be mediated by immuno- 
logical mechanisms other than IgE-related hyper- 
sensitivity. These symptoms include frequently 
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encountered polymorphic skin rashes, including 
erythema multiforme, and maculopapular and 
erythematous rashes. 

The relatively small number of positive responses 
obtained in this study may be due to a number of 
factors. In some patients, tests were performed 
several months to 7 years after the suspected peni- 
cillin adverse reaction. Penicillin-specific IgE anti- 
bodies could have declined to a level insufficient to 
produce a skin reaction or to be detected by RAST. 
However, it is not established whether further 
exposure to penicillin might once again induce 
clinically relevant hypersensitivity. The most common 
adverse reaction was a skin rash, a symptom with the 
least yield in terms of positive skin tests or RAST, 
It is quite probable that many of these skin rashes, 
particularly maculopapular and polymorphic forms, 
are integral components of the clinical features of 
illness for which penicillin was administered. Skin 
rashes commonly occur in the course of various viral 
or streptococcal infections. Similarly, vague gastro- 
intestinal symptoms are most unlikely to be due to 
penicillin hypersensitivity. This is particularly 
relevant for alleged reactions to ampicillin. In 
patients with infectious mononucleosis or subclinical 
E-B virus infection, treatment with ampicillin is 
often associated with skin rashes. We found evidence 
of previous E-B virus infection in 38 °% of patients 
with adverse reactions to ampicillin. Moreover, our 
data do not support a compelling need for the use of 
antigenic determinants other than those derived 
from benzylpenicillin for cutaneous reactivity. None 
of the patients showed greater hypersensitivity to 
ampicillin or its derivatives than to products pre- 
pared from benzylpenicillin. 

The frequency of occurrence of other allergic dis- 
orders and of common varied immunodeficiency and 
selective IgA deficiency in the group was somewhat 
higher than might be expected in an unselected 
general population, although the true incidence of 
these states in various communities is not known.!?7? 
Moreover, the occurrence of allergic disease is 
related to patterns of infant feeding.? 7? It may 
reflect a fortuitous selection; alternatively IgE- 
mediated allergy to drugs may develop more often 
in atopic individuals and in those with immuno- 
deficiency. On the other hand, Kraft e/ al.® did not 
note the presence or history of atopic disease in any 
of the patients with proved penicillin allergy. 

We conclude that penicillin allergy is frequently 
overdiagnosed and that such hypersensitivity is not 
necessarily permanent. The diagnosis of clinically 
significant allergy to penicillins can be reliably 
excluded on the basis of both skin tests using major 
and minor determinants of benzylpenicillin and 
RAST. 


We thank Drs C Hobeika, D Simms, W Sprague, 
D Hillman, E Hillman, S Chakrabarty, R Dominic, 
D Vaze, and many other colleagues for referring 
patients, Dr N Franklin Adkinson for technical 
information on the preparation of skin testing 
reagents, and Greg Woodford, Joan Dwyer, and 
Bing Au for excellent technical support. 


Pharmacia, Montreal partly financed this study. 


This paper was presented to the Canadian Paediatric 
Society, Halifax, 20-22 June 1978. 
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Yersiniosis in children 
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SUMMARY 40 cases of bacteriologically proved Yersinia enterocolitica infections in children under 
I5 years were reviewed. Most children presented with abdominal symptoms, and diarrhoea was 
present in 80% of them. In half of those with diarrhoea the stools were mucoid and gross blood 
was often present. Faecal leucocytes were found in 4 out of the 5 children studied. The clinical 
findings are consistent with the enteroinvasive pathogenic mechanism proposed for Y. enterocolitica. 
29 of 30 faecal isolates of Y. enterocolitica were found invasive for human epithelial cells in vitro. 
Nine strains produced an enterotoxin demonstrable in newborn mouse assay. Toxin production 


may be an additional pathogenic mechanism in human yersiniosis. 


Yersinia enterocolitica has been increasingly recog- 
nised as a human pathogen during the last few 
years. In adults Y. enterocolitica infections are 
mainly due to secondary immunological complica- 
tions, particularly arthritis and erythema nodo- 
sum, ? which are rare in children. In fact, 
yersiniosis in small children has been reported to bea 
relatively mild infection causing diarrhoeal disease 
not clinically different from other forms of acute 
gastroenteritis.! However, chronic diarrhoea has 
also been described.? In older children Y. entero- 
colitica infection has often been associated with 
mesenterial lymphadenitis causing an acute, ap- 
pendicitis-like disease.® 

It has recently been shown that Y. enterocolitica 
from human sources is invasive for human epithelial 
cells in vitro.^? We have demonstrated polymor- 
phonuclear leucocytes in the stools of patients with 
Y. enterocolitica infection, and suggested an 
association between the invasiveness of the pathogen, 
clinical exudative diarrhoea, and the presence of 
faecal leucocvtes.? 

We have now extended our studies on child 
yersiniosis by analysing clinical features in 40 cases 
of bacteriologically proved Y. enterocolitica in- 
fection. It appears that the present data lend further 
support to the concept that yersiniosis in children is 
frequently associated with exudative diarrhoea and 
signs of systemic disease, both consistent with an 
invasive pathogen. We now present further evidence 
of the intracellular invasiveness of Y. enterocolitica. 
At the same time we have made observations of 
‘heat-stable like’ toxin (ST) production, which we 


believe may be an additional pathogenic mechanism 
in Y. enterocolitica infections. 


Methods 


Patients. 40 isolations of Y. enterocolitica from 
faeces of children under 15 years of age were re- 
corded during the period from December 1974 to 
June 1978. Five patients were studied as part of a 
project on gastroenteritis in children, and in these 
children faecal leucocytes were searched for. In the 
remaining cases (before May 1977) the clinical 
symptoms and findings were retrospectively col- 
lected from medical records. 


Laboratory studies. Y. enterocolitica was isolated 
from faeces using a modified Rappaport enrichment 
medium or the direct plating method of Wauters,! 
or sometimes both. The biotypes of Y. enterocolitica 
were determined according to Wauters’s classi- 
fication." The isolates were serotyped by a slide 
agglutination method using specific rabbit antisera 
against serotypes 0:3 and 0:9.!? 

Antibiotic sensitivity was determined by the 
semiquantitative disc diffusion  method.!? The 
results are expressed, using the new Scandinavian 
division, as falling into 3 sensitivity groups: sensi- 
tive, intermediate, or resistant.!4 

The invasiveness test in HEp-2 cell culture was 
done as described previously.? For electron micro- 
scopical examination, the cells were fixed in a 
mixture of 2% paraformaldehyde and 2% glutar- 
aldehyde in 0:1 mol/l phosphate buffer at pH 7-4. 
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After postfixation in 2% osmium tetroxide, the cells 
were dehydrated through a series of acetones and 
embedded in Epon 812. Thin sections were stained 
with lead citrate and uranyl acetate. 

In addition to HEp-2 cell cultures, 12 isolates of 
Y. enterocolitica were also tested for invasiveness 
in the guinea-pig conjunctiva model as described by 
Serény.’ 

Bacteria-free culture supernatants produced at 
room temperature, as described by Pai and Mors,!? 
were tested for enterotoxin activity in infant mice,!? 
and in Y-1 adrenal cell cultures,!? including ST and 
heat-labile enterotoxin (LT). 


Results 


Clinica] and laboratory features. Most children 
presented with abdominal symptoms: diarrhoea, 
abdominal pains, or both (Tables 1 and 2). High 
fever was characteristic, and 4 infants were admitted 
because of febrile convulsions. Headache was a 
common complaint, and one patient was admitted 
because of a stiff neck. Frank arthritis was not 
observed, and arthralgia was recorded in only 2 


Table 1 Chief complaint at presentation in 40 
childien with yersiniosis 


Symptoms No of patients 
Abdominal symptoms 
Febrile convulsions 
Headache 

Erythema nodosum 

Joint pains ES 
Failure to thrive 

Bronchitis 

Symptomless family contact 


ELTE RIT WP: 


Table 2 Ciuucal manifestations of yeisiniosts in 40 
child: en 





Clinical manifestations Patients 
No Va 
Fever » 38 0°C* 36 97 
Diarrhoea 32 80 
mucoid 16 
watery 12 
loose stools 4 
gross blood 7 
Abdominal pains 20 50 
without diarrhoea 7 
mesenterial lymphadenitist 4 
Vomiting 12 30 
Headache 8 20 
Arthralgia 2 5 
Urticarta 2 5 
Erythema nodosum i 2.5 
" Meningeal irritation 1 25 





*37 cases recorded. tAppendicectomy performed. 


cases. One case of erythema nodosum was see 
Blood was cultured in the acute stage of the illne 
in 8 cases, and in all blood samples the results we 
negative. 

8055 of the children had diarrhoea. It was mo 
common in the younger age group than in tl 
school-age children, who often had a nondiarrhoe 
disease (Fig. 1). Of those with diarrhoea, one hz 
had mucoid stools characteristic of exudative dia 
rhoea, and in 7 (22 92) cases there was gross bloc 
in the stools (Table 2). Faecal leucocytes were four 
in 4 children out of 5 studied. 

Routine laboratory tests frequently showed his 
erythrocyte sedimentation rate (ESR) and raise 
white blood cell count (WBC). ESR over 25 mm 
ist hour was seen in 25 of 36 children (highest 11 
in Ist hour), and in those with slower rates tl 
recording was often made only at an early stage | 
the disease or in late convalescence. The me: 
WBC was 12-4 x 10°/l with a range of 5-6 | 
30-0 x 10/1. 

The condition of one 24-month-old infant w: 
serious, with 15% dehydration on admissio 
Five more patients were treated with intraveno: 
fluids for gastroenteritis; the others with diarrho 
were given oral fluids. 32 patients stayed in hospit 
for a mean period of 6-1 (range 2 to 24) days. 

Six children received antibiotics initially becau 
of suspected yersiniosis; one of these had a po: 
tive stool] culture after the first regimen 1 mon 
Jater but the culture became negative after a furth 
2 months. 17 other patients were treated wi 
antibiotics after the results of bacterial cultures hi 
been obtained. Only 5 of the 14 children who d 
not receive antibiotics were studied bacteri 
logically at the convalescent stage, and all we 
negative for Y. enterocolitica. 
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Fig.1 Age distribution of 40 children with 


yersiniosis. The case in the age group between 1 and 2 


years was a symptomless family contact. 


Bacteriological findings. Of the bacterial isolates 34 
were serotype 0:3, 3 were serotype 0:9, and 3 were 
not typed. 

One isolation was made in December 1974, 21 in 
1975, 4 in 1976, 9 in 1977, and 5 in 1978. These 
results reflect not only the probable level of diag- 
nostic activity. but may also show the year-to-year 
variation in the occurrence of Y. enterocolitica 
infections. 

The in vitro sensitivity of 32 of the Y. enterocolitica 
isolates is presented in Table 3. It is of interest that 
all the strains were sensitive to sulphonamides and 
to the combination of sulpha plus trimethoprim 
(co-trimoxazole). In contrast, practically all strains 
were resistant to ampicillin and amoxycillin. 

30 strains were tested for invasiveness in HEp-2 
cells: 29 were found invasive and | repeatedly 
noninvasive. The noninvasive strain belonged to 
biotype 1. Of the remaining 29 strains, 5 were of 
biotype 2 and 24 of biotype 4. None of the 12 tested 
Strains produced keratoconjunctivitis in the guinea- 
pig eye. 

Further evidence of the intracellular invasiveness of 
Y. enterocolitica was obtained by electron micro- 
scopical examination (Fig. 2). After incubation for 
7 hours (standard for the invasiveness test) the 
bacteria were found located in the cytoplasm, 
either in single vacuoles or in larger groups, prob- 
ably resulting from rupture and fusion of several 
vacuoles. A characteristic feature was the presence 
of swollen, deformed mitochondria. 

29 strains were tested for ST-like toxin production 
using a newborn mouse assay. A positive toxin 
reaction was seen in 9 instances. All these strains 
were also invasive in HEp-2 cells. There appeared 
to be a correlation between toxin production on 
reculture and time of isolation: most of the strains 
that failed to produce toxin were old isolates from 
1975 which had been stored in nutrient agar at 
4°C and recultured at 37°C for several years (Table 
4) No ‘LT-like’ enterotoxin activity could be 
demonstrated in the adrenal cell tests. 


Table 3 Jn vitro sensitivity of 32 strains of 
Y. enterocolitica to selected antibiotics 


ee 





Antibiotics Percentage 
Sensitive Intermediate Resistant 

Gentamicin 100 — — 
Kanamycin 100 — — 
Carbenicillin 12-5 40-6 46-9 
Ampicillin 6.3 3.1 90-6 
Amoxycillin 6-3 — 93-7 
Cephalexin 34-4 50-0 15-6 
Chloramphenicol 96.9 3.1] = 
Tetracycline 100 — T 
Sulphaisodimidin 100 = = 


Sulphamethoxazole + trimethoprim 100 


oe 
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Fig. 2 Electron micrographs of numerous bacteria 
( Y. enterocolitica) in the cytoplasm of HEp-2 cells. 
The bacteria are located in vacuoles separately or in 
groups (top). Swollen deformed mitochondria ( M ) 
can be seen (bottom). 


Table 4 Results of heat-stable enterotoxin assay in 
newborn mice of 29 strains of Y. enterocolitica according 
to the year of isolation 


————————————Ó n ——— Ó— 











Baby mouse assay Year of isolation Total 
74 75 76 77 78 

Positive —- 2 2 2 3 9 

Negative I 16 l l l 20 


Discussion 


Many clinical features of Y. enterocolitica infections 
appear consistent with the concept of an invasive 
pathogenic mechanism. Frank blood stream in- 
fections by Y. enterocolitica are rare and may be 
associated with some underlying condition affecting 
host defence mechanisms.!*29 More often the 
infection is confined to mesenteric lymph nodes 
with resultant lymphadenitis and acute appendicitis- 
like disease. The most common form of Y. entero- 
colitica infections in childhood is gastroenteritis, 
which because of its apparent mildness may not at 
first seem to fit into the same picture of invasive 
infection. However, these data show that gastro- 
enteritis is often associated with signs of systemic 
infection—that is high WBC, high ESR, and high 
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fever—which may lead to febrile convulsions in 
infants. Furthermore, the diarrhoea in the present 
series was clinically exudative in at least half the 
patients, and polymorphonuclear leucocytes were 
found in the stools in 809; of the children. Therefore, 
the diarrhoeal disease appears similar to that 
caused by other enteroinvasive pathogens, such as 
Shigella sp., Salmonella sp., and enteroinvasive 
strains of Escherichia coli?! 

It is now possible to induce invasive infection 
by Y. enterocolitica in laboratory mice with a sub- 
sequent disease closely resembling that in humans.?? 
Pathogenicity for mice is strain-dependent,?? and 
it has been noted that Y. enterocolitica isolates 
attenuate easily, so that it may be necessary to 
passage isolates from culture collections through 
mice before production of typical diseases." 

The in vitro invasiveness test in human epithelial 
cells may also constitute a relevant model for patho- 
genic studies of Y. enterocolitica, We found that all 
the human isolates were invasive for HEp-2 cells, 
with one exception. The one exception represented a 
different biotype (type 1) from all the other human 
faecal isolates (biotypes 2 or 4). Our Observations 
are in accordance with those of Une er al.2* who 
also found human patient isolates (serotypes 0:3, 
0:5B, 0:8, and 0:9) invasive for HeLa cells in vitro, 
whereas strains from healthy humans and various 
animals were found noninvasive. Similariy, Lee e! 
al.’ found typical clinical strains to be invasive for 
HeLa cells. They also stated that in vitro invasiveness 
is a stable property not lost in stock cultures. 
Recently, Pedersen er al. reported lack of invasive- 
ness in HeLa cells of Y. enterocolitica strains 
belonging to biotype 1.” 

All the tested strains of Y. enterocolitica failed to 
produce keratoconjuctivitis in the guinea-pig eye. 
This is in accordance with the report of Pai and 
Mors.!? It appears that cultured human epithelial 
cells may be more sensitive than the Serény test for 
the detection of intracellular invasiveness, at least 
for Y. enterocolitica. Enterotoxin production has 
been recently advanced as an alternative pathogenic 
mechanism of Y. enterocolitica, which could play 
a role in inducing watery diarrhoea in some 
children. However, Pai and Mors demonstrated 
that enterotoxin was produced only at temperatures 
below 30°C and therefore questioned its role in vivo. 
They further demonstrated toxin production by 
serotypes not considered pathogenic in humans.?5 
We were also able to detect this enterotoxin, which 
resembles the ST enterotoxin of E. coli, by the new- 
born mouse assay. In our hands, however, only some 
strains of Y. enterocolitica were enterotoxigenic, and 
the property of toxin production appeared to be 


lost in prolonged stock culture. Nevertheless, we 
do not wish to abandon the concept of enterotoxi- 
genicity of Y. enterocolitica as a possible pathogenic 
mechanism in yersiniosis. At least two possibilities 
remain: first, a preformed toxin may act on epithelial 
cells to induce diarrhoea. This hypothesis should in 
any case be tested. The second possibility is that 
toxin production, ST-like or some other, might be 
an auxiliary pathogenic mechanism acting intra- 
cellularly. We propose that the swollen deformed 
mitochondria found in the epithelial cells invaded 
by Y. enterocolitica could be attributed to a toxin- 
like mechanism. It was suggested that a toxic 
metabolite produced intracellularly by invasive E. 
coli could destroy epithelial cells and thus lead to 
colitis and dysentery.?' 

In conclusion, we suggest that bacterial properties 
in the pathogenesis of Y. enterocolitica infections 
include both invasiveness and enterotoxin pro- 
duction. The invasive ability is associated both with 
the serotype and the biotype. In future studies the 
toxigenicity should be considered as an additional 
mechanism, not only in the induction of diarrhoea 
but also in systemic disease. 

In most cases Y. enterocolitica infections in 
children appear to be self-limiting, despite the 
invasiveness of the pathogen. Antibiotic treatment 
is therefore seldom necessary. However, when it is 
administered on clinical grounds, the results of in 
vitro antibiotic sensitivity testing should be con- 
sidered. In our experience, and in that of 
others,?? sulpha plus trimethoprim (co-trimoxazole) 
currently appears to be the drug of choice in the 
treatment of Y. enterocolitica infections both in 
adults and children. 


We thank Miss Kerttu Saarinen, Mrs Taimi 
Tammipuu, and Miss Kerttu Kangas for technical 
assistance. 
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Peutz-Jeghers syndrome 


C D M GRIFFITH AND W H BISSET 
Roval Hospital for Sick Children, Edinburgh 


SUMMARY We report 3 cases of the Peutz-Jeghers syndrome presenting in early childhood, and 


consider the need for surgical intervention. 


In 1896 Sir Jonathan Hutchison described twin girls 
with pigmented spots on their lips,! one of these 
girls later died in her twenties from intestinal 
obstruction due to intussusception. Her twin sister 
was symptom-free until her fifties when she suc- 
cumbed to carcinoma of the breast. In 1921 Peutz 
reported 7 patients who displayed pigmented 
lesions on the lips plus intestinal polyposis,” and 
Jeghers et al.? in 1949 reported 10 cases of their 
own, and reviewed a further 12 patients each of whom 
had shown abnormal mucocutaneous pigmentation 
with intestinal polyposis. He concluded that the 
condition was inherited as a Mendelian dominant. 


Case reports 


Case 1. This boy, born on 18 February 1962, was 
diagnosed in 1967 as having the Peutz-Jeghers syn- 
drome after presenting with pigmented lesions on the 
lips and gums. A barium meal showed multiple 
small-bowel filling defects consistent with intestinal 
polyps. No other member of his family displayed 
mucocutaneous pigmentation or had a history of 
intestinal disorder. 

He was admitted to hospital after an episode of 
melaena in 1968 which was managed conservatively. 
He remained under outpatient review until 1974 
when he was admitted as an emergency with a 
history of colicky, central abdominal pain associated 
with vomiting. He was tender in the left iliac fossa 
and a small-bowel intussusception was evident on the 
plain x-ray. A barium study earlier in 1974 had 
shown a large jejunal polyp, which was thought to 
have initiated an intussusception responsible for his 
presenting symptoms. 

At laparotomy he was found to have a compound 
jejunal intussusception with the head of one lesion 
palpable in the substance of the second. The com- 
pound intussusception was reduced and the two 
polyps which had initiated each intussusception were 
removed by enterotomies at the site of the polyps. 


Histologically both polyps proved hamartomatous, 
supporting the diagnosis of the Peutz-Jeghers syn- 
drome. He remains asymptomatic. 


Case 2. This girl, born on 14 November 1974, 
presented at age 10 months with bleeding from a 
rectal polyp which was protruding from the anus. 
The polyp was removed and histology showed it to be 
hamartomatous. The pathologist raised the pos- 
sibility of the Peutz-Jeghers syndrome, but at that 
time the patient showed no evidence of abnormal 
mucocutaneous pigmentation, and her family 
history was negative for pigmentation and intestinal 
polyposis. (Subsequent events made clear the 
diagnosis of Peutz-Jeghers syndrome, so her pre- 
sentation at age 10 months makes her the youngest 
case to be reported.) 

In 1978 she was referred because of pigmented 
lesions on her lips (Fig. 1), associated with recurrent 
bouts of colicky abdominal pain and vomiting. 
A barium meal showed multiple small-bowel filling 
defects, and retrospectively it was seen that an 





Case 2 at age 4, showing typical pigmented 
lesions of the lips. 
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Fig. | 


intussusception in the second part of the duodenum 
had been demonstrated at that examination. Later 
that year, she developed an acute abdominal 
distension and an audible gastric splash (particu- 
larly evident at her dancing classes). Plain X-rays 
showed a grossly dilated stomach, and a duodenal 
jejunal intussusception was demonstrated by barium 
meal. At laparotomy she was found to have two 
separate intussusceptions—one duodenojejunal and 
the other jejunojejunal—which were reduced. One 
large polyp (4 x 3 x 3cm) was palpable in the second 
part of the duodenum (Fig. 2) with three more 
polyps palpable in the upper jejunum: these were all 
removed by enterotomies. No other polyp was 
evident in the small or large bowel. Histology of the 
polyps showed them to be hamartomatous with 
different cell types represented in the epithelium, 
mainly Panneth and goblet cells (Fig. 3). 


Case 3. This girl, born on 13 August 1966, was first 
admitted in 1972 with central abdominal pain and 
vomiting; her abdomen was then soft with no 
tenderness or masses. Pigmentation of the lips was 
noted and the possibility of the Peutz-Jeghers 
syndrome raised. The child's father and paternal 
uncle had pigmented lesions on the lips, but no 
history of intestinal disorder. 

She reappeared in 1978 with a history of chronic 
colicky pain and pigmentation of the lips. A barium 
enema failed to show any lesion, but the barium 
meal (Fig. 4) showed multiple small-bowel polyps 
with many transient intussusceptions. 

She was subsequently admitted as an emergency 
in June 1979 with a 6-day history of intermittent 
abdominal pain associated with bile-stained vomit- 
ing. On examination her abdomen was soft with no 
guarding, but a mass was palpable in the right iliac 
fossa. A barium meal showed a high small-bowel 
intussusception. At lapatoromy three small-bowel 
intussusceptions were found. The proximal jejunal 
intussusception was compound and antegrade led 
by a polyp 17 cm from the duodenojejunal flexure. 
Once it was reduced the proximal jejunum appeared 
chronically thickened and dilated. 

More distally a second jejunal intussusception 
was found, this being retrograde. At its apex was a 
polyp 67 cm from the duodenojejunal flexure. There 
was yet a third ileo-ileal intussusception with a 
polyp 113 cm from the duodenojejunal flexure. In 
addition a Meckel's diverticulum was found at 155 
cm (38 cm from the ileo-caecal valve). 

Each intussusception was reduced in turn, the 
proximal two polyps being removed by enterotomy 
at their site. The Meckel's diverticulum was excised 
and the third polyp was removed through the 
residual enterotomy. 


Peutz-Jeghers syndrome 


867 





Fig. 2 (Case 2.) One of the polyps being removed by 


enterotomy. 





Fig. 3 (Case 2.) A photo-micrograph of the pol vps 
showing different cell types in the epithelial laver, both 
30. 


Panneth and goblet cells are visible. 
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Fig. 4 (Case 3.) Barium meal showing multiple small 
howel filling defects representing polyps. 


A week after the operation she developed a further 
small-bowel intussusception. A second laparotomy 
was performed and an irreducible mid small-bowel 
intussusception was found. Resection of this was 
required. Examination of the resected bowel showed 
that the lead point in this case was an oedematous 
suture line at the site of removal of the second polyp. 
30 cm of small-bowel were resected. She has sub- 
sequently remained well. 


Discussion 
The essentials for diagnosis of this syndrome are: 


(1) the presence of abnormal mucocuaneoust 
pigmentation, and (2) the presence of polyps of a 


hamartomatous nature in the alimentary tract. 
There may be a family history of the condition. 

The pigmented lesions are flat, bluish-black 
spots of 2 to 4 mm in diameter, composed of 
melanin and melanocytes. Although generally 
found on the lips and in the buccal cavity, they can 
be present on the palms of the hands or the soles 
of the feet, or on the trunk and the anal muco- 
cutaneous junction. The spots develop within 5 
years of birth and tend to fade after puberty. 

The polyps can occur anywhere in the alimentary 
tract but generally are present between the cardia 
of the stomach and the anus, most of them in the 
jejunum and ileum with a decreasing incidence in the 
colon, rectum, stomach, and duodenum.^ The polyps 
are described as hamartomata, as the epithelial 
elements are representative of the cells indigenous 
to that area of the alimentary tract in which they arise, 
more than one cell type being found in the epithelial 
layer of the polyp. The stroma is formed from smooth 
muscle elements of muscularis mucosae origin. 

The polyps have been considered by many to be 
premalignant but Dozois et al.* reviewed 321 reports 
of Peutz-Jeghers syndrome and added 5 cases of 
their own. They found 11 reported cases of gastro- 
intestinal malignancy. They concluded that gastro- 
intestinal tract carcinoma and hamartomatous 
polyps could coexist in the same person, since the 
location of the tumours did not correspond to the 
location of the hamartomatous polyps; furthermore, 
if the Peutz-Jeghers polyps were predisposed to 
malignancy, more cases of carcinoma should have 
occurred. They considered that the polyp itself did 
not undergo malignant change, but that a patient 
with the Peutz-Jeghers syndrome appeared to have 
a 2% risk of developing gastrointestinal cancer, 
which is higher than that of the general population. 

McAllister and Richards, who studied a series of 
20 patients with this syndrome, recommend conser- 
vative surgery with reduction of the intussusception 
and local polypectomy via enterotomy.? If laparo- 
tomy is undertaken sufficiently early, the intus- 
susception can be reduced without the need for 
bowel resection as was the case in Cases | and 2. The 
hamartomatous polyps tend to develop in waves at 
intervals of several years between each presentation, 
therefore, the patient may well require further 
surgery and the need to conserve the bowel, parti- 
cularly the small-bowel, is stressed. 

Surgery may also be required on an elective basis 
to improve the quality of life made intolerable by 
repeated attacks of abdominal pain as in Case 3. 


We thank Dr W Uttley for permission to report 
Case 3. 
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Infantile spasms syndrome in monozygotic twins 


L PAVONE, F MOLLICA, GEMMA INCORPORA, AND G PAMPIGLIONE 
Department of Paediatrics, University of Catania, Italy, and The Hospital for Sick Children, London 


SUMMARY The infantile spasms syndrome appeared on the same day in a pair of monozygotic twins 
at age 6 months. Clinical, electroencephalographic, and neuroradiological findings during the 
development of the disease are reported. One of the twins was treated with ACTH and in his case 
clinical and electroencephalographic improvement was more rapid than in the other who was 
treated with clonazepam. While the computer tomography scan initially showed in each twin an 
area of low density in the right fronto-parietal region, this had disappeared in the tomograms 


obtained about 8 months later. 


The infantile spasms syndrome (also called West's 
syndrome) is a characteristic form of epilepsy 
occurring in early infancy, which presents with 
massive but brief flexor or extensor spasms recurring 
at intervals of several seconds. Mental and motor 
regression usually becomes rapidly obvious. In most 
cases the electroencephalographic (EEG) findings are 
those of *hypsarrhythmia'. Follow-up studies have 
shown that the prognosis is generally poor with a 
fairly high rate of mortality in the first 10 years of 
life, and sequelae of mental and psychiatric dis- 
orders.!-2 The precise aetiology of the syndrome is 
not known but some authors have divided the group 
into ‘cryptogenic’ (if no previous illness is apparent), 
or ‘secondary’ (if pre-existing disorders affecting the 
brain are present). In either group however, ana- 
tomical alterations of the brain are frequently found 
whether by neurological investigations (pneumo- 
encephalography) or computerised tomography 
(CT) scan. The syndrome is usually sporadic and 
familial cases have been infrequent. 

The present report concerns a couple of mono- 
zygotic twins in whom, on the same day, at age 6 
months, infantile spasms appeared. One of the twins 
was treated with ACTH and the other with clonaze- 
pam with a follow-up of 2 years. 


Clinical, KEG, and neuroradiological aspects 


A distant relative of the father was mentally retarded 
and was said to suffer from generalised convulsions, 
but the family history did not show any other 
neurological or mental disorder in close relatives. 
The parents were unrelated and in good health; both 
were schoolteachers. The first pregnancy had been 
interrupted by a spontaneous abortion during the 


second month of gestation. During the second 
pregnancy (at about 10 weeks’ gestation), the mother 
suffered from a febrile illness, said to be flu, of 2 or 3 
days’ duration, which was treated with aspirin. There 
were no other problems during pregnancy and 
spontaneous delivery occurred at 35 weeks with 2 
apparently normal male twins, each weighing about 
2000 g. There were no complications after delivery, 
and tbe neonatal period was normal with a mild 
physiological jaundice that started at age 3 days 
of very short duration. At ages 3 and 4 months both 
babies received oral polio vaccine. 

By age of about 4 months, the parents felt that both 
babies’ psychomotor development was perhaps not 
as rapid as they hoped. At age 6 months, on the 
same day, and with an interval of only a few hours, 
both infants developed typical brief massive spasms 
of the limbs, in flexion, and recurring at intervals of 
several seconds with bouts of 15 to 20 spasms. Each 
bout recurred several times a day until the age of 
about 8 months when eventually the infants, still 
untreated, were referred to the Department of 
Paediatrics at the University of Catania, Italy. 

The physical development of both twins appeared 
normal (weight and height just below the 50th 
centile) with normal head circumference. Psycho- 
motor development however, was poor. Both infants 
had no smile, little facial expression, and appeared 
lethargic with little if any response to environmental 
stimuli. The Moro reflex was still present and both 
infants showed hyper-reflexia but were otherwise 
floppy, unable to sit alone, or to grasp objects with 
either hand. In addition to the great similarity of 
physical and behavioural features, the clinical 
impression of monozygosis was supported through 
analysis of the dermatoglyphic patterns, haptoglobin 
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groups, and of the blood groups ABO, Rh, MNS, 
` Kell, and Duffy which were identical in both infants. 

Laboratory investigations gave results within 
normal limits for serum calcium, plasma sodium, 
chloride, plasma urea, blood sugar, and alkaline 
phosphatase. Amino-acid chromatography was 
normal both in the serum and in the urine, and 
tests for toxoplasmosis, cytomegalovirus, and rubella 
were negative. Ophthalmological examination was 
normal. The first EEG (Figure, top and bottom left) 
showed a gross irregularity of patterns with absence 
of the normal rhythmic activity and multifocal 
discharges. A CT scan taken a week after admission 
showed an area of low density in the right fronto- 
parietal region 1n both infants; this was initially 
interpreted as evidence of some degree of cortical 
atrophy. 

It was decided that each twin should have a 
different type of treatment. Twin 1 was given 
clonazepam 0:4 mg/day; after 10 days the bouts of 
spasms were less frequent and the EEG changes less 
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severe (Figure, top middle). However, after 40 days 
of treatment the spasms were still present and the 
EEG still showed considerable abnormalities (Figure, 
top right). 

Twin 2 was given, instead, ACTH 25 units/day for 
the first 20 days and every 48 hours for the next 20 
days. This was followed by maintenance therapy with 
oral prednisolone. At the end of the first week of this 
treatment the bouts of spasms became infrequent and 
then disappeared altogether after 2 weeks of treat- 
ment. In the EEG there were still clear alterations 
after 10 days (Figure, bottom middle), but a pro- 
nounced improvement was seen in the EEG taken 40 
days after the beginning of treatment (Figure, bottom 
right) with appearance of normal rhythmic activity. 

The infants are now 2 years old and are treated 
with sodium valproate, 4 mg/kg per day. Twin 1 still 
has infrequent grand mal attacks, while twin 2 is 
seizure-free. Psychomotor development has ‘been 
limited in both twins with an IQ of about 70 on the 
Weschler scale. In both patients, the CT scan 


—— 
— 
—— 
— 


~ - 


—— 
— * 
“m ew vane 
ri z 
—— — |a a 
4 
-* - i. 


_ —_ = —— — -- 
gen 


JL 


i ^ 





{second calibration 
V 


50u 


Figure EEGs of the twins recorded before, and 10 days, and 40 days, after the beginning of treatment (calibration 


5 mm[50 uV; speed 3 em[second time constant 0- 1 - second). 


872 Pavone, Mollica, Incorpora, and Pampiglione 


repeated 8 months after the first showed a slight 
dilatation of the lateral ventricles and of the third 
ventricles with a wider inter-hemispheric area, while 
the low density zone in the right fronto-parietal 
region had completely disappeared. 


Discussion 


Three aspects of this pair of twins are of much 
interest: (1) The occurrence of infantile spasms has 
not been previously reported in monozygotic twins 
with simultaneous appearance of the attacks. (2) In 
each twin there was a disappearance over a period of 
8 months of CT scan changes. (3) Treatment with 
ACTH was more effective than that with clonazepam 
in the control of spasms and also gave greater 
improvement in the EEG features. 

The precise mechanisms underlying the syndrome 
of infantile spasms are still unknown despite the fact 
that a variety of genetically-determined conditions 
(in particular tuberous sclerosis) have been described. 
Familial cases of this syndrome therefore are not 
surprising. However, a clear genetic marker has not 
yet been found.? Nevertheless the syndrome is 
almost invariably sporadic as shown by the largest 
reported series,? 4° and only a few cases of affected 
siblings have been reported.? 4- Some of these cases 
are ‘cryptogenic’ but others are said to be associated 
with brain malformations, metabolic disorders, or 
intercurrent illnesses. In this pair of monozygotic 
twins, the spasms began on the same day with an 
interval of only a few hours without any apparent 
external triggering factor. This would suggest some 
kind of ‘preprogrammed’ type of disease. 

The CT scan images of localised low density in the 
right fronto-parietal region at age 6 months, and 
their subsequent development with disappearance of 
the localised alteration 8 months later, are difficult to 
explain either in terms of growth and development or 
in terms of changes of cerebral flow. Abnormal CT 
scan features in infantile spasms are common and no 
doubt we shall learn more in the next few years when 
technical improvements to the scanner will provide a 
better definition of small lesions. No serial CT 
studies have been reported of children with infantile 
spasms. 

The complete disappearance of localised CT scan 
changes in our patients should suggest caution in the 


interpretation of the underlying processes, ar 
particularly if the changes are interpreted as unde 
lying cortical atrophy which is often considered 2 
irreversible phenomenon.? 

In the treatment of infantile spasms, ACTH 
generally believed to be the most effective drug avai 
able, ın spite of its side effects and the possible con 
plications on withdrawal. In the present report, twin 
treated with ACTH improved much more rapidly tha 
twin J treated with clonazepam. Since the twins wei 
monozygotic, living together, and exposed to tł 
same environmental factors, our results woul 
support the idea that ACTH is more beneficial tha 
clonazepam treatment, at least initially. Sever 
colleagues have used a combination of ACTH an 
nitrazepam with some benefit. 
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| Hydroxykynurenine/hydroxyanthranilic acid ratios 


and febrile convulsions 


J MCKIERNAN, D MELLOR, S COURT, J EDSON, AND K LACEY 
Department of Child Health and University Hospital, Queen's Medical Centre, Nottingham 


SUMMARY Hydroxykynurenine/hydroxyanthranilic acid ratios were measured in children with 
febrile convulsions, afebrile fits, and fever, as well as in healthy controls. Increased ratios were 
found not only in the children who had fits but also in the children who were febrile and did not 
have fits. It is suggested that a raised hydroxykynurenine/hydroxyanthranilic acid ratio does not 
necessarily indicate vitamin B6 deficiency but may represent a nonspecific response of tryptophan 


metabolism to stress. 


Febrile convulsions are a common problem in 
children, affecting between 2 and 5 % in the 6-month 
to 5-year age range.! The pathogenesis of these 
seizures is imperfectly understood. The elucidation 
of the syndromes of vitamin B6 deficiency and 
dependency in which fits are a major clinical feature, 
raised the possibility that a specific biochemical 
basis might also be found for the more common 
convulsive disorders of childhood. The trytophan 
load test has been traditionally regarded as a test of 
vitamin B6 status although it is now appreciated 
that other influences—such as oestrogenic and 
corticosteroid hormones, stress, and the general 
state of protein metabolism— may affect the result.2 
Tryptophan load tests were carried out on 20 
children with febrile convulsions by Carredu et al.3 
and abnormalities in metabolite excretion were 
found. It was therefore suggested that a relationship 
exists between febrile convulsions and pyridoxine 
deficiency. Lennox-Buchthal^ suggested that the 
association betweeen vitamin B6 and febrile con- 
vulsions be further explored, noting that in the 
syndrome of vitamin B6 dependency, fever increases 
the need for pyridoxine and may precipitate con- 
vulsions. 

Tryptophan load tests in the past have mainly been 
carried out using timed collections of urine after the 
tryptophan load, and then by measuring a number of 
urinary metabolites. Such collections are impractical 
in many children. In addition, great variability in 
metabolite excretion is found. We used a modification 
of the tryptophan load test, and measured only two 
urinary metabolites—hydroxykynurenine (HK) and 
hydroxyanthranilic acid (HA), which were then 
expressed as a ratio—KH/HA. This ratio is thought 


Tryptophan 
Tryptophan pyrrolase 


Kynurenine 


3-Hydroxykynurenine (HK) 


(B6) | Hydroxykynureninase 


3-Hydroxyanthranilic acid (HA) 


Fig. 1 Major pathway of tryptophan catabolism. B6 
indicates the pyridoxal-phosphate-dependent enzyme 
reaction. 


to reflect the activity of the liver enzyme 
kynureninase, which requires vitamin B6 as a 
cofactor (Fig. 1). It is considered to be a reliable 
index of pyridoxine deficiency? and, because it is a 
ratio, it has the advantage of not requiring a carefully 
timed urine collection. We estimated HK/HA ratios 
after a tryptophan load in normal children, children 
who were febrile, children who had afebrile fits, and 
children with febrile convulsions, and report our 
results. 


Patients and methods 


Each of the 69 children with febrile convulsions had 
been admitted to hospital after a first or second 
febrile fit. Ages ranged between 6 months and 5 years. 
The diagnosis was based on the usual criteria—that 
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is, history of a convulsion associated with a tempera- 
ture of 37-59C or greater. Fits were regarded as 
complex in 23 cases—prolonged, lasting longer than 
15 minutes (17 cases), multiple (6 cases), or focal 
(2 cases) Children with central nervous system 
infection or diseases were excluded. Six children 
aged between I and 4 years who had been admitted 
to hospital with febrile ilinesses constituted the 
‘fever only’ group. Six children, aged between 2 and 
5 years who had a first nonfebrile fit, who were 
otherwise normal and not on anticonvulsant 
treatment, comprised the ‘afebrile fit? group. Seven 
healthy children, who were not in hospital, acted as 
controls. 


Tryptophan load test. Tryptophan powder 100 mg/kg 
body weight was given as a sweetened suspension. A 
single urine specimen was collected at least 20 
minutes after the ingestion of the dose and frozen 
until assay. 


Measurement of HK and HA. Fractionation of 
tryptophan metabolites from urine was carried out 
by an ion exchange resin technique based on the 
methods of Brown and Price.Ó Urine samples were 
hydrolysed using the method described by Heeley.’ 
The eluted HK, and HA were measured spectro- 
photometrically using Brown's method.? A blank and 
& duplicate test were performed on each sample. 
Column recoveries were carried out with each batch 
of tests and the recovery of metabolites added to 
urine samples was also determined; recovery was 
89% + 7 (mean + SD) for both HK and HA. 


Plasma cortisol. Blood samples were collected from 
15 children with febrile convulsions at the time of 
admission to hospital and plasma cortisol was 
measured using a solid phase radioimmunoassay 
supplied by the Tenovus Institute, Cardiff. 

All results were analysed by Student's f test for 
unpaired samples. 


Results 


The HK/HA ratio in the healthy control children was 
0:79 + 0-16 (mean + SE) (Fig. 2). Ratios were 
significantly higher (P<0-05) in the groups of 
children with fever, afebrile fits, and febrile convul- 
sions. The majority of children with febrile 
convulsions had raised HK/HA ratios, but no 
relationship between HK/HA ratio and age, sex, 
height of fever, or complexity of fit could be found. 
In 30 cases it was possible to relate the HK/HA 
ratio to the time interval between the convulsion and 
the tryptophan load test (Fig. 3). Increased ratios 
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Fig.3 HK]lHA ratios in relation to time after the fit. 


were found up to 4 days after the ft. In 6 cases th 
tryptophan load test was repeated one month c 
more after the convulsion, when the child was wel 
Ratios in the normal range were found in 4 childre 
and in 2 values were still raised. We found n 
relationship between the HK/HA ratios and plasm 
cortisol in 15 children with febrile convulsions. 
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Discussion 


This study shows that in a small group of healthy 
children, HK/HA ratios after a tryptophan load 
were within the range found in healthy women;? 
we could not find any results for healthy children. 
From our results it is also clear that febrile illnesses, 
not accompanied by convulsions, may induce a rise 
in the HK/HA ratio. Even in a child who had had a 
single nonfebrile fit, the ratio was higher than in the 
control. 

We have confirmed therefore, that tryptophan 
metabolism is disordered in children with febrile 
convulsions as was suggested by Carredu ef al.’ 
Interestingly, Rabe and Plonko!? found abnormal 
xanthurenic acid excretion after a tryptophan load in 
a small number of children with infections, some of 
whom had febrile fits. None showed evidence of 
pyridoxine depletion on the basis of the 4-pyridoxic 
acid excretion test. 

Despite the refinements in the tryptophan load test, 
we feel that an abnormal HK/HA ratio is not a 
specific test of pyridoxine deficiency. Coon and 
Nagler? stressed that the test might be influenced by 
other factors—such as stress, adrenal glucocorticoids, 
sex hormones, and the general state of protein 
metabolism. Increased hormone activity, as happens 
in stress, and increased protein catabolism may 
increase the flow of metabolites down the kynurenine 
pathway and result in raised HK/HA ratios even in 
the presence of normal amounts of pyridoxine 
(Fig. 1). We feel that it is likely that some such 
mechanism may underlie the increased HK/HA 
ratios that we have found in children with fever, fits, 
and febrile convulsions although we were unable to 
demonstrate any relationship between plasma 
cortisol levels and the HK /HA ratios. 

Despite these considerations, our results do not 
exclude the possibility that fever or infection can 
induce a transient state in which vitamin B6 demand 
may exceed supply. Such a state of relative B6 
deficiency could conceivably be the underlying 
mechanism in the pathogenesis of febrile convulsions. 
If so, this would have clear implications for 
prophylaxis in children after an initial febrile 
convulsion. 
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Atopy in parents of children dying with sudden 


infant death syndrome 


N WARNASURIYA, M A P S DOWNHAM, A SKELTON, M W TURNER, AND 


J F SOOTHILL 


Department of Child Health, University of Newcastle upon Tyne, and Institute of Child Health, London 


SUMMARY 36 parents of infants who had died suddenly did not differ in frequency of 
atopic symptoms, immediate skin tests, IgE, IgE antibody, immunoglobulin G, A, and M, or yeast 
opsonisation, from 36 matched controls, although atopy was common (about half had atopy in both 


groups). 


Allergy to an environmental antigen, particularly 
cows’ milk, is one of many explanations for sudden 
infant death syndrome (SIDS). This suggestion has 
been supported by a strong family history of atopic 
disease in a retrospective survey of SIDS,* and a 
high prevalence of IgE antibodies to Dermato- 
phagoides pteronyssinus, Aspergillus fumigatus, and 
bovine B-lactoglobulin in cases of SIDS*. Atopy is an 
antigen-nonspecific vulnerability to react damagingly 
to environmental allergens which results from 
immunodeficiency,‘ so the association of SIDS with 
atopy raises the possibility that sudden death could 
be due to such a reaction to one or more antigens, or 
that it could be an independent effect of the under- 
lying immunodeficiency.® 

If atopy is a common factor in SIDS, it might be 
possible to predict, from family history, children 
at high risk and to protect such children by avoiding 
contact with the antigen. We have therefore carried 
out a controlled study of atopy in parents of children 
who have died suddenly and unexpectedly. The 
assessment of atopy included history of atopic 
symptoms, serum IgE antibodies, and, for the 
postulated underlying immunodeficiency, immuno- 
globulin concentrations, and yeast opsonisa- 
tion. 


Methods 


Parents of 19 infants who had died suddenly were 
studied. In two families only one parent was 
available, so 36 adults were studied. Blood was 
obtained from 35, but in one the volume was too 
small for all the tests. All the deaths had been in 
Newcastle in the period 1974-6 and had been 
investigated in the Newcastle Survey of Deaths in 


Early Childhood;* each conformed with the widely 
accepted definition of SIDS, being sudden unexpected 
deaths not explained after full clinical investigation 
and detailed necropsy. The parents were visited at 
home, the study was explained, and their consent 
obtained. They were asked to enlist the co-operation 
of a couple, within 10 years of their own ages, to act 
as controls. Two families could not do this, so 
control couples were obtained from the child health 
clinic nearest to their homes. None of the control 
parents had lost children with SIDS. 

At a second visit, each parent and control was 
questioned for a history of atopy, using a 
standardised interview questionnaire (Appendix), 
which had questions about illnesses other than 
atopy in an attempt to reduce bias. If clarification of 
any question was needed, this was given in a pre- 
planned standard manner. Skin prick tests were 
carried out in the right forearm using 5 antigens 
(Bencard: D. pteronyssinus, mixed grass pollen (2B), 
cows' milk, egg, shell fish, and control). The tests 
were read after 15 minutes, and the diameter of any 
weal was recorded in millimetres. Weals of more than 
3 mm in diameter were taken as positive. 5 ml of 
clotted blood was collected by venepuncture. 

Serum IgG, IgA, and IgM were measured by 
radial immunodiffusion. The serum IgE was 
measured by a modification of the double antibody 
method of Nye et al.,? and IgE antibody to extracts 
of D. pteronyssinus and Timothy grass pollen 
(kindly supplied by Bencard) and cows' milk 
B-lactoglobulin (Sigma) by a modification of the 
method of Wide et ai. Opsonisation of bakers 
yeast was measured by the method of Soothill and 
Harvey.? Statistical analysis was by Fisher's exact 
test, and f test on logged data. 
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Results 


About half of the SIDS parents and about half of the 
controls gave a history of at least one of the allergic 
diseases in the questionnaire, and about half of both 
groups gave positive (73 mm) responses to at least 
one of the 5 antigens (prick tests with the control 
solution were all negative) (Table 1). Results of the 
serum IgG, A, M, and E, IgE antibody to D. ptero- 
nyssinus, Timothy grass pollen, cows’ milk 8-lacto- 
globulin, and yeast opsonisation were remarkably 
similar in both groups (Table 2), and, except in the 
case of IgE, all the results were similar to those in an 
earlier control series. None of the differences between 
the two groups was statistically significant. Similar 
numbers in each group had levels that were outside 
the diagnostic limits for our department for each 
test (Table 3). 


Discussion 


Atopy is a highly familial phenomenon,’ and so 
parents of children with a syndrome associated with 


Table 1 Atopic symptoms and immediate prick tests 
to Selected antigens in parents of infants dying suddenly, 
and controls 


Parents Controls 
(n= 36) (n= 36) 
Atopic symptoms 
Asthma 3 4 
Eczema 3 4 
Rhinitis 4 9 
Urticana 9 II 
One or more 16 19 
Positrve skin tests 
D. pteronyssinus 12 13 
Timothy grass polien 8 10 
Cows’ milk 4 5 
Egg 2 4 
Shell fish 4 8 
One or more 15 17 


Table3 Numbers of parents of SIDS infants and 
controls with high (> 100 IU/ml) or very high 
(400 IU/ml) IgE, positive IgE antibody (1-6 x 
counts found by cord serum) to D. pteronyssinus, 
Timothy grass pollen, or cows’ milk 8-iactoglobulin, 
or defective yeast opsonisation («2-5 yeasts per 
polymorph) 


Parents Controls 
n-35 ne36 
High IgE 13 13 
Very high IgE i 5 6 
Positive IgE antibody to D. pteronyssinus 3 4 
Positive IgE antibody to Timothy 
grass pollen 5 7 
Positive IgE antibody to cows’ milk 
p-lactoglobulin 2 3 
Yeast opsonisation defective t 2 


atopy are likely to be atopic. Reports from Australia 
that infants who have died suddenly have more IgE 
and IgE antibody,? and a family history of atopy,? 
suggested that SIDS might have such association. 
The observation of degranulation of mast cells in 
Jung tissues of SIDS infants!? would be consistent 
with this view, although it is also open to other 
explanations. The association of SIDS with certain 
blood groups, and with artificial infant feeding," 
could also have an immunological explanation. In 
this study of parents of infants who died suddenly, 
atopy was not more common than in the controls, 
whether by symptom, prick test, IgE, or IgE 
antibody. We should comment however, that the 
frequency of atopy was surprisingly high in both 
groups. We have no satisfactory explanation for this, 
but we think that this system of matched control 
constitutes as satisfactory a control as is possible, 
despite the small numbers, since it minimises the 
effect of environmental variation. We were careful to 
avoid introducing bias by not telling the subjects what 
we were looking for; the letter sent to them made no 
mention of allergy and the phrase used was that we 
were studying 'patterns of illness varying between 


Table 2 Immunoglobulin concentrations (U/ml), IgE antibodies to D. pteronyssinus, Timothy grass pollen, and 
cows’ milk 8-lactoglobulin (% counts bound), and yeast opsonisation (yeasts per polymorph), expressed as antilog 
of mean of logged data, and observed range, for parents of infants dying suddenly, and controls 





IgG 

IgA 

IgM 

IgE 

IgE antibody to D. pteranyssinus 

IgE antibody to Timothy grass pollen 

IgE antibody to cows’ milk B-lactoglobulin 
Yeast opsonisation 


Parents (n—35) Controls (n-535) 

Mean Observed range Mean Observed range 
133 84-196 126 16-172 

120 56-224 110 42-204 

125 56-304 137 52-450 
59* «4—»400* Sát <4-> 4001 
0:53 0-21-4-02 0 51t 0.252.221 
0.48 0-30—5.34 0.51 0 29—3.93 
0:56 0 432 54 0-55t 0-37-18- 1+ 
4.21 2:04—5.-38 4.031 0-40—5.28t 





*n 34, Tn-236. 


878 Warnasuriya, Downham, Skelton, Turner, and Soothill 


different families’; in the questionnaire, questions 
about atopy were with ones about other diseases. 
We can see no reason why the genetic predisposition 
for atopy should have been particularly chosen by 
the control group, and any environmental factor 
would probably be similarly shared. 

The association of atopy with immunodeficiency* 
expands the possible relationship between sudden 
infant death and atopy; perhaps the link arises, not 
from the allergic element, but from other effects of 
the immunodeficiency (for example, susceptibility to 
respiratory infection). The series of Turner et al.? did 
indeed have evidence of rather low serum IgA? which 
may well have been the transient IgA deficiency 
clearly related to atopy.* Such a transient defect 
would not generally be detectable in adult life, but 


Appendix 


Parental atopy questionnaire 

Name: 

Address: 

Number of children: alive: dead. 

Ages oflive children: 1 2 3 etc 

Number of people in household: 

Number of rooms (excluding bathroom and kitchen uniess the latter 
1s used as a living room) 
Name of matched couple: Father: 
Mother: 
Date of birth: 

Place of birth: 

Race: 
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some might well have a more permanent immuno- 
logical defect, and the yeast opsonisation defect, 
observed in 1 ın 4 atopics,“ and apparently inherited 
as an unusual dominant inheritance,? certainly should 
be. Such defects could well underlie the high 
frequency of antibody to cows' milk in SIDS infants.! 
There was no excess of either of these immuno- 
deficiencies in our series. 

It is likely that there are several causes of SIDS, and 
the frequency of the different causes will probably 
differ from place to place, so our data in no way 
refute the Australian studies, or disprove the possi- 
bility that some of the children in our series died ol 
allergy, or of another immunodeficiency-related 
disease. Unfortunately however, this negative study 
does not help to identify at-risk children. 


Do you, or have you suffered from 
Psoriasis 


Pneumonia 

Rhinitis$— persistent 
Rhinitis—seasonal (give season) 
Diabetes 

Urticana or angioneurotic oedema 


A chest x-ray 
Prick skin tests for allergy 
Were they positive? ' 
A blood test 
(indicate X if explanation was required) 
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Transpyloric feeding in 49 infants undergoing 


intensive care 


ELIZABETH DRYBURGH 


St James’s University Hospital, Leeds 


SUMMARY The use of transpyloric feeding in 46 very ill newborn infants requiring assisted venti- 
lation was evaluated. It was found to be a simple and well-tolerated technique. A possible com- 
plication of significance was necrotising enterocolitis in 4 infants. Transpyloric tube feeding in 3 
infants with treated upper small-bowel atresia is also described. 


It is generally accepted that low birthweight infants, 
and those who are ill, benefit from early feeding and 
the provision of adequate calories in the early weeks 
of life. =? Achieving adequate caloric intake in 
seriously ill neonates, without compromising their 
respiratory status, is difficult. Nasogastric tube milk 
feeding in infants with respiratory distress may 
precipitate regurgitation, aspiration, and apnoea, 
and it may exacerbate existing respiratory symp- 
toms.?-4 

Many of the problems associated with naso- 
gastric feeding in infants with respiratory distress 
may be overcome by delivering the milk feed beyond 
the pylorus into the duodenum or proximal 
jejunum. Alternatively total parental nutrition can 
be used. Although total parenteral nutrition of 
infants undergoing intensive care is successful in 
many large neonatal intensive care units, the 
technique is complicated and is certainly not without 
serious complications.? Transpyloric feeding is 
simpler and requires less biochemical monitoring 
and so can be used in smaller units with limited 
staff and laboratory resources. 


intensive care area, Leeds General Infirmary 
(October 1977-March 1979) and in the special care 
baby unit, St James's Hospital, Leeds (March- 
June 1979). Transpyloric feeding was used in 46 
infants receiving ventilatory assistance (intermittent 
positive pressure ventilation (IPPV) or continuous 
positive airways pressure for severe respiratory 
illness). All the infants had a nasotracheal tube in 
situ when the transpyloric tube was passed. 

In 3 infants a transanastomotic feeding tube was 
passed during surgery for upper small-bowel atresia. 

The range of gestational age of the 49 infants was 
25-42 (mean 31:5) weeks. Birthweights ranged from 
0-65 to 3-9 (mean 1:69) kg. Further details of these 
infants are presented in Tables 1 and 2. 

The commercially available silicone tube weighted 
with a stainless steel tip (Fr. gauge 5) was used 
(Vygon Ltd). The distance between the glabella and 
the outstretched heel was measured, and the length 


Table 2. Infants fed by transanastomotic feeding tube 
after surgery for upper small-bowel atresia 








Case Sex Birthweight (kg) Gestation (weeks) Site of atresia 
Patients and methods M 38 40 Bosdenins 

2 F 2-54 36 Duodenum 
The infants studied were nursed in the infant 3 M 3-01 42 Jejunum 
Table 1 46 infants requiring ventilatory assistance, fed via the transpyloric route 
Birthweight (g) p^ Respiratory Pneumonia Recurrent Survivorst 

distress apnoea —————— 
No (25 

- 1000 (n— 8) 17 6 l 2* 2 (25) 
1001-1500 (n=20) 43 12 l 10* 12 (60) 
1501-2000 (n= 5) 13 4 0 2* 5 (100) 
2001-2500 (n= 9) 19 7 2 0 8 (89) 
> 2500 (n= 4) 8 0 4 0 4 (100) 
Total (n= 46) 100 29 8 14 3l (63) 


*Few infants initially ventilated for respiratory distress subsequently required ventilation for recurrent apnoea. 
TSome infants were transferred for ventilation but died before transpyloric feeding could be established. 
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from the tip of the tube was marked using a small 
strip of green sticky tape. The tube was passed 
through a nostril and advanced until acid gastric 
juice could be aspirated, or if that proved impossible, 
until resistance was felt. The infant was then placed 
semi-prone on the right side and the tube was 
advanced at about 2-3 cm an hour until the marker 
reached the nostril. An attempt was then made to 
aspirate the tube. If bile-stained fluid was obtained 
feeding was started. On many occasions no fluid 
could be aspirated because the lumen of the soft 
Silastic tube had collapsed on suction. In these cases, 
x-ray confirmation of the position of the tube was 
obtained. The ideal position for the tip of the tube 
was thought to be in the 3rd or 4th part of the 
duodenum.? The infants were nursed prone or on 
the right side when the tube was in situ. 

Before feeding was started an orogastric tube 
(Fr. gauge 5) was passed for aspiration of the 
stomach. Expressed breast milk or a humanised 
cows' milk formula was continuously infused 
initially at 2 ml an hour increasing gradually, if 
tolerated, to a total of 180-200 ml/kg per day. The 
orogastric tube was aspirated every 3-4 hours to 
ensure that the stomach was free of milk. Between 
aspirations the end of the tube was left open. 

Care was taken to maintain the infant’s Po, during 
the passage of the tube. Continuous Po, monitoring, 
either via an umbilical arterial Po, electrode or via 
a transcutaneous Po, electrode, was carried out in 
most cases. 


Results 


In only one infant was the technique unsuccessful 
despite several attempts. She was fed by the intra- 
venous route. In another infant the respiratory 
distress improved so rapidly that attempted trans- 
pyloric intubation was stopped at 24 hours. 

The technique was successful on 81 occasions in 
44 infants. The tube was passed on more than one 
occasion in 21 infants because of accidental dis- 
placement or blockage of the tube, or recurrence of 
symptoms. The time taken to place the tube 
successfully is shown in Table 3. The tube was 
passed in less than 12 hours in 83% of attempts. 
As with most practical procedures, results improve 


Table3 Time taken to pass transpyloric tube 





Time (hours) 7. 
«6 (n= 53) 64 

6-11 (n--16) 20 
1224 (n= 8) 10 
> 24 (ne 4) 5 


Not passed (n= 2) 2 


with practice and 97% of the last 40 attempts were 
successful in less than 6 hours. 

It was necessary to obtain an upper abdominal 
x-ray to confirm the position of the tube in most 
infants because the Silastic tube had collapsed on 
attempted aspiration. If bile-stained aspirate was 
obtained an x-ray was not considered necessary. 
Every effort was made to achieve confirmation of 
the site of the tube when a chest x-ray was being 
taken to assess progress of the respiratory illness. 
The nasoduodenal tube was in position for between 
1 and 56 (mean 9-5) days. It was usually placed 
during the first or second day of life, but in 6 infants 
it was sited later because of delayed onset of the 
respiratory illness. 

Minor weight loss during the first week of life 
was usual, although 23 7; of the infants did not lose 
any weight. The mean weight loss was 120 (range 
0—250) g. All infants gained weight after they were 
7-days old. The mean weight gain was 27:5 g a 
day: half of the infants had regained their birth- 
weight by the 10th day, 92% by the 14th day. 

Complications of the method are summarised in 
Table 4. The most common complication was 
accidental displacement of the tube. On several 
occasions it was inadvertently pulled out by staff, 
generally during a crisis—such as reintubation for 
blocked endotracheal tube. More often however, 
the infant pulled out the tube. In an attempt to 
prevent this the infants wore mittens. 

Diarrhoea was also a common but usually a 
transient complication. In all cases but one the 
diarrhoea responded to a temporary reduction in 
volume of feed or to the substitution of a low- 
Jactose milk. Vomiting, despite the fact that the 
tube was confirmed to be beyond the pylorus, occurred 
twice. This also responded to reduction of volume of 
feed. The tube blocked on two occasions and was 
replaced. 

The only serious complication was necrotising 
enterocolitis (INEC) which occurred in 4 infants. 
The diagnosis was made clinically in all 4 because 
of abdominal distension, bile-stained aspirate, and 
rectal bleeding; it was confirmed in 2 by x-ray and 
necropsy. In a further 2 infants transpyloric feeding 
was temporarily stopped because of blood in the 
stools. The rectal bleeding was associated in both 
instances with a coagulation disorder. 


Table 4 Complications 





Complication 76 
Accidental displacement of tube (n21) 43 
Diarrhoea (a= 9) 18 
Vomiting {a= 2) 4 
Tube blocked {n= 2) 4 
Necrotising enterocolitis (n» 4) 8 
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Table 5 Details of the 4 infants with necrotising enterocolitis 


Case Sex Birthweight Gestation 


Apgar score Umbilical Outcome 
(kg) (weeks) —————— catheter 
l min 5 min 
—————————— ÀÀÁÀ00 € chef x 
4 M 1-6 32 l 4 Present Survived 
5 F 1-04 30 3 7 Present Died* 
6 M 1-23 32 l 4 Present Died 
ri M 1-0 28 2 6 Present Died 


*Case 5 had completely recovered from NEC before her death. 


Discussion 


The maintenance of adequate nutrition in neonates 
undergoing intensive care for severe respiratory 
distress or recurrent apnoea presents many problems. 
Total parenteral nutrition has been used successfully 
under these circumstances? but the technique is 
complicated and expensive, and close biochemical 
monitoring is essential. Transpyloric milk feeding 
however, is a fairly simple and cheap technique and 
requires less monitoring. 

In this study transpyloric feeding was well toler- 
ated by even the sickest infants requiring ventilation. 
There were no episodes of aspiration pneumonia; 
there was no deterioration either clinically or in 
blood-gas measurements when feeding began. The 
method in this group was probably more successful 
than in a comparable group of infants requiring 
respiratory assistance at the Hammersmith Hospital? 
for three main reasons: (1) assisted ventilation was 
via an endotracheal tube and not via a face mask: 
(2) the transpyloric tube was passed via the nose and 
not the mouth; (3) apnoea was not an indication for 
stopping transpyloric feeding (although it must be 
emphasised that 43 of the 44 infants were on IPPV 
at least at the outset). 

Silastic feeding tubes were used because of the 
association of polyvinyl chloride feeding tubes with 
intestinal perforation and NEC.!9-!? Recently, how- 
ever, perforation with a Silastic tube was de- 
scribed.!4 

Most of the tubes were passed by one person 
(E D). The time taken to position the tube was —6 
hours in 64% of attempts. All except 2 were passed 
in less than 48 hours. This compares most favour- 
ably with the figures of Cheek and Staub,!?^ Wells 
and Zachman,'® and Beddis and McKenzie.’ To- 
wards the end of the study period the tubes were 
being passed by a few senior nursing staff, with 
close attention to technique. Their success rate was 
comparable with mine. 

The major practical problem encountered was 
maintaining the tube in situ. Despite firmly fixing at 
the nose, and putting mittens on the infant, the 
tube was often displaced. The feed was immedi- 
ately stopped until it had been resited. 


The mean weight gain of 27:5 g a day and the 
return to birthweight by the 14th day in 92% of 
infants is highly satisfactory when one considers 
how ill they all were. Clinical oedema was present in 
only 2 infants. 

The use of transanastomotic feeding tubes in 3 
infants with upper small-bowel atresia allowed 
earlier introduction of enteral feeds. Total parenteral 
nutrition was avoided in 1 infant and shortened in 
the other 2. No complication occurred in this small 
group. 

The part played by transpyloric feeding in the 
aetiology of NEC is difficult to determine. Many 
predisposing factors to NEC (for example, low 
birthweight, perinatal asphyxia, and umbilical 
catheters) have been described.!" Some or all of 
these factors were present in each of the cases of 
NEC (Table 5). 

It is interesting that during the study period 
NEC occurred in two ‘outbreaks’. Of a total of 9 
infants affected, 4 were fed via the transpyloric 
route and 5 via the nasogastric or oral route. Since 
the study ended a further 12 infants have been fed 
transpylorically, with no further cases of NEC. 

Yu et al.® described 4 cases of NEC in critically 
ill, low birthweight infants fed via the nasogastric 
route; none of their infants who was totally parenter- 
ally nourished suffered from the condition. It seems 
likely that milk feeding critically ill, low-birthweight 
infants predisposes to NEC but whether the transpy- 
loric or intragastric route influences the aetiology is 
debatable. 

The study shows that transpyloric feeding in very 
ill newborn infants is simple, well tolerated, and is 
relatively safe. 


I thank Professor R W Smithells, Dr M G Buchanan, 
Dr W I Forsythe, Dr J M Littlewood, and Mr J 
Beck for permission to study infants under their 
care. 
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Gastric emptying of Caloreen meals in the newborn. 


C COSTALOS, G RUSSELL, Q AL RAHIM, I BLUMENTHAL, S HANLIN, AND I ROSS 
Aberdeen Maternity Hospital, and Department of Chemical Pathology, University of Aberdeen 


SUMMARY The gastric emptying of 10% solutions of glucose and of Caloreen, a glucose polymer, 
was compared in 16 newborn infants. Caloreen left the stomach more rapidly than glucose on all 
but one occasion. This has potential advantages to infant feeding. 


In encouraging early feeding for low birthweight 
infants the paediatrician must take into account the 
problems that result from immature sucking and 
swallowing reflexes, an incomplete oesophageal 
cardiac sphincter, a poor gag reflex, and a smail 
gastric capacity.l-? Hypoglycaemia and jaundice 
may be prevented but only at the considerable risk 
of regurgitation and potentially fatal aspiration? 
Although there has long been agreement that early 
provision of an adequate caloric intake is desirable,‘ 
the volume and composition of early feeds are still 
subjects for debate. 

For some years it has been the practice in our 
special care nursery to provide light-for-dates and 
other infants at risk from hypoglycaemia with a 
high-energy diet for the first few days of life. Origin- 
ally this was achieved by the introduction of glucose- 
fortified feeds? but when these were given earlier 
and in larger volumes it became apparent that they 
often produced vomiting, abdominal distension, and 
diarrhoea. Caloreen* was substituted for glucose and 
it has been our impression that the incidence of 
these symptoms has decreased. This favourable 
clinical experience and the dearth of data on the 
use of Caloreen for newborn infants have prompted 
us to evaluate the effect of Caloreen on gastric 
emptying in the newborn period. 

Caloreen is a white, slightly sweet powder pre- 
pared by the enzyme degradation of corn starch to 
give a mixture of malto-oligosaccharides containing 
3% glucose, 7% maltose, 5% maltotriose, and 85% 
polysaccharides containing 4 to 15 glucose units 
(mean 5 units). After ingestion in adults Caloreen 
is readily converted to glucose by enzymatic action.’ 


Methods 


An attempt was made to study gastric emptying in 
18 infants in the first 6 weeks of life. All were patients 


“Roussel Laboratories Ltd, Wembley Park, Middlesex, 


England. 


in the special care nursery because they were preterm 
or light-for-dates. Two preterm infants were 
excluded because of vomiting after the glucose: test 
meal. 

All infants were wholly or partially tube fed and 
each received a total of 4 test meals on 2 con- 
secutive days, one of 10% Caloreen and one of 10% 
glucose on each day; the content of the first' test 
meal was varied randomly and the meals were given 
in the reverse order on the second day. Tube-fed 
infants were given test meals over a period of 3'to 4 
minutes. Those who could suck were given as much 
of the test meal as they could take by bottle; a study 
was considered unsatisfactory if the infant failed to 
consume the test meal within 5 minutes or regurgi- 
tated any portion of it. There is no agreement on the 
effect of posture on gastric emptying ;9-19 throughout 
our study all infants were nursed prone. 

Gastric emptying was assessed using Husband 
and Husband's modification? of the method de- 
scribed by Hunt and Spurrell4 Phenol-red 0-24 
mg/100 ml was added to the meals; this dye which is 
unabsorbed acts as a marker and has no effect on 
gastric emptying. Before feeding the infant’s 
stomach was washed out with water so that it was 
free of large curds. Test meals were given at room 
temperature 34 hours after the last routine feed in a 
volume of 14 mi/kg to infants in the first 4 days of 
life, and 21 ml/kg to those aged 5 days or more. 
After an interval of 30 minutes the gastric contents 
were aspirated and the stomach washed out with 
water to recover any remaining part of the feed. As 
phenol-red is a pH indicator, the pH was kept 
constant by mixing an equal volume of barbitone 
buffer (pH 8:7) with the fluid tested before measur- 
ing its optical density by spectrophotometry at 
548 nm. By measuring the optical density of the 
original feed, the gastric aspirate, and the washout, 
it was possible to calculate the proportion of the 
original feed recovered, independently of added 
gastric secretion and saliva.® 
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Results 


The percentage of gastric retention after Caloreen 
and glucose meals is presented in the Table and the 
Figure. Gastric emptying was faster after Caloreen 
than after glucose in all but one of the 32 studies. 
Gastric retention of more than 30% of the test feed 
at 30 minutes was seen after only 7 (2292) of the 
Caloreen feeds compared with 25 (78%) of the 
glucose feeds. Caloreen solution thus clearly left 
the stomach much more rapidly than the glucose 
solution. 


Table Gastric emptying in 16 newborn infants after 
2 test meals each of 10°% Caloreen and 2 test meals 
each of 10% glucose solutions 





Gestation Birth Age at Percentage of test 
at birth weight first study meal recovered from 
(weeks) (g) (days) stomach after 30 min 
Caloreen Glucose 
Range 29-37 1240-2690 2-37 5—69 9.84 
Mean 33 8 1842 14 20 A4 
SEM 0.62 98 2:4 2-6 3.5 
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Figure Percentage of test meal recovered 30 minutes 
after meals of 10% glucose and 10% Caloreen 
solutions in water. The means for the solutions are 
shown. 


Discussion 


In adults the duodenum contains osmoreceptors; a 
high osmolality in the duodenal contents delays 
gastric emptying.? Husband and Husband? con- 
cluded that these osmoreceptors were functional 
within the first few days of life by demonstrating 
that a 10% glucose solution emptied from the 
stomach at a slower rate than a 5% glucose solution. 
It has also been shown that a starch solution emptied 
from the stomach of the newborn infant more 
rapidly than a glucose solution of comparable 
energy content, whereas in the adult Hunt and 
Pathak!* found that starch and glucose solutions 
left the stomach at about the same rates. The post- 
pyloric osmoreceptors apparently respond to starch 
only after conversion to maltose and glucose by 
pancreatic. amylase and intestinal maltase, and 
Husband ef a1.!? attributed the more rapid gastric 
emptying in the newborn after starch feeds to the 
relative deficiency of pancreatic amylase, previously 
demonstrated during the first few months of life by 
Andersen.!5 Similar rapid emptying of starch meals 
has been demonstrated in patients with deficient 
pancreatic secretion. As Caloreen is also converted 
to glucose by amylases, this would explain the rapid 
emptying of Caloreen from the infant's stomach. 

Glucose is widely used as a first feed and as an 
energy supplement in the neonatal period. Experience 
with Caloreen is limited but it has some theoretical 
advantages over glucose because of its lower 
osmotic activity (a 10% solution has an osmolality 
of 120 mosmol/l compared with 555 mosmol/l for a 
glucose solution of similar strength and energy 
content) and our results indicate that it leaves the 
stomach much more rapidly than glucose. Since the 
danger of regurgitation with subsequent aspiration 
into the lungs is a limiting factor in prescribing the 
volume of enteral feeds for low birthweight infants 
during the early days of life, there may be some 
advantage in using Caloreen rather than glucose or 
other simple sugars. However, if we are correct in our 
speculation that Caloreen empties rapidly from the 
stomach not only because of its low osmolality in 
solution but also because it is not digested in the 
newborn period, it is possible that it might not be 
absorbed; if this were so there would be no nutritional 
benefit in using it. However, tolerance tests com- 
paring Caloreen with glucose show that Caloreen 
produces a sustained rise in the plasma glucose 
concentration. It is therefore concluded that 
Caloreen has significant advantages over glucose as 
a carbohydrate supplement in infant feeding. 


We thank Dr G Hems for statistical help, Professor 
A G M Campbell for advice, and Miss Gordon, 
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Pharmacy Department, Royal Aberdeen Children's 
Hospital, for assistance. 
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Oral tolerance of Caloreen in babies 


G RUSSELL AND C COSTALOS 


Department of Neonatal Paediatrics, Aberdeen Maternity Hospital 


SUMMARY Serial plasma glucose concentrations were compared in 20 infants of low birthweights 
(«2500 g) after test meals of 10% solutions of Caloreen and glucose. After Caloreen, the rise in 
plasma glucose concentration occurred more slowly but was better sustained, and hyperglycaemia 
was seen less often than after glucose. Caloreen may be preferable to glucose as a carbohydrate 
source in the prophylaxis and treatment of neonatal hypoglycaemia. 


In a previous study? we showed that solutions of 
Caloreen*, a glucose polymer, consistently left the 
stomach of the newborn infant more rapidly than 
glucose solutions of similar strength. We speculated 
that this might be due to failure of enzymatic 
degradation of Caloreen resulting in lack of stimu- 
lation of the duodenal osmoreceptors; if this were 
so, Caloreen might not be absorbed and would 
therefore offer no advantage over glucose as a 
carbohydrate source in neonatal nutrition, although 
this would be out of keeping with our clinical 
observation that Caloreen is useful in the prophy- 
laxis of neonatal hypoglycaemia. The present study 
was therefore designed to compare the effects of 
Caloreen and glucose test meals on plasma glucose 
concentration. 


Methods 


Clinica! details of the 20 infants studied are pre- 
sented in Table 1. Each infant received two con- 
secutive test meals, one of 10% Caloreen and one of 
10% glucose, the order in which these were given 
being varied by predetermined random selection. 
The meals were given at room temperature in a 
volume of 20 ml/kg on day 2, 24 ml/kg on day 3, 
and 28 mg/kg on and after day 4. Plasma glucose 


Table 1 Clinical details of 20 low birthweight infants 
on whom plasma glucose estimations were performed 





Gestation at birth Birthweight Age at study 
(weeks) (g) (days) 
Mean 34 3 1879 13-7 
SEM 0-63 16 25 
Range 29-38 1240-2360 2-41 


*Roussel Laboratories Ltd, Wembley Park, Middlesex, 
England. 


concentration was estimated using the Beckmant 
glucose analyser? on plasma obtained from duplicate 
samples of arterialised capillary blood? taken 
fasting and at 30, 60, 120, 180, and 240 minutes 
after the test meal; the plasma glucose concentration 
240 minutes after the first test meal was used as the 
fasting plasma glucose concentration for the second 
test meal. The plasma was separated immediately by 
centrifugation and if immediate analysis was not 
possible it was stored at —4°C for up to 4 hours. 
The paired plasma glucose concentrations were 
compared using Student's ¢ test. 


Results 


Plasma glucose concentrations after Caloreen and 
glucose test meals are shown in Table 2; it can be 
seen that after Caloreen the rise in plasma glucose 
concentration was less pronounced but better 
sustained than after glucose. It was also noted that 
in individual babies hyperglycaemia occurred more 
often after glucose (Table 3). One infant developed 


Table 2 Plasma glucose concentration after test 
meals of Caloreen and glucose 





Tine Plasma glucose concentration (nmol/l 
after 
test After After 
feed 10% Caloreen 10% glucose P 
(mun) ———— 0 
Mean SEM Mean SEM 
0 3.15 0-19 3 56 0 20 0-2>P>0-1 
30 6:30 0 41 7.57 0 52 0 005>P>0-001 
60 7-01 0 43 9-41 0-70 0 OO1>P 
120 5.95 0-49 7.45 0 56 0 05>P>0-025 
{80 4 30 0-22 3 99 0-32 0-5>P>0-4 
240 3.81 0 19 2.99 0 18 0 005>P>0-001 


pn————— M —— ————— MÀ € SE ——— s dt Á———————Ó 
Conversion, SI to traditional units—glucose: 1 mmol/law18 mg/100 ml. 


tBeckman, Glenrothes, Fife, Scotland. 
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Table 3 Incidence of hyperglycaemia 





Plasma glucose Number of infants 
concentration (mmoliD 
Aftei Caloreen After glucose 
>11 0 Ni 9 
2-95 4 18 
> 80 12 29 
> 75 19 35 





asymptomatic hypoglycaemia (plasma glucose 1:2 
mmol/l; 22 mg/100 ml) 4 hours after a glucose feed. 


Discussion 


Because of the risks of hyperosmolality and de- 
hydration associated with hyperglycaemia, Lillien et 
al.4 recommended that neonatal hypoglycaemia be 
corrected without inducing hyperglycaemia. The 
tolerance tests reported above show that Caloreen 
IS effective ın producing a sustained rise in plasma 
glucose concentration without the pronounced 
fluctuation and hyperglycaemia which follow glucose. 
This lack of fluctuation 1s similar to that reported 
after starch meals,? but whereas the blood glucose 
concentration scarcely rose above the fasting level 
after starch (maximum rise 1-8 mmol/l (35 mg/100 
ml) 90 minutes after meal), Caloreen had a much 
more pronounced effect on plasma glucose (maximum 
rise 3-9 mmol/l (70 mg/100 mI) 60 minutes after 
meal) Husband eft alë concluded that starch was 
hydrolysed slowly ın the newborn infant and that 
given alone it had no part to play in the oral treat- 
ment of hypoglycaemia. Caloreen however, in 
addition to leaving the stomach rapidly and thereby 
reducing the risks of vomiting and inhalation which 
are so common at this age, appears to be well 
absorbed. 

The apparent contradiction in the findings that 
Caloreen leaves the stomach rapidly (suggesting 
slow or absent hydrolysis) but is well absorbed 
(suggesting more rapid hydrolysis) may reflect 
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intracellular breakdown of the compound by gluco- 
sidases.9? There would then be little or no intraluminal 
conversion of Caloreen to glucose to increase osmo- 
lality and hence stimulate the duodenal osmo- 
receptors which are known to be functional in the 
newborn.5 

Caloreen appears to offer two advantages over 
glucose as a carbohydrate source in neonatal 
nutrition: it does not delay gastric emptying, and it 
produces a smoothly sustained rise in plasma 
glucose concentration. It therefore appears to be 
particularly suitable for use in the treatment ‘and 
prophylaxis of neonatal hypoglycaemia. 


We thank Dr G Hems for statistical help, Professor 
A G M Campbell for advice, and Miss Gordon, 
Pharmacy Department, Royal Aberdeen Children’s 
Hospital, for assistance. 
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Familial myelofibrosis 


C A SIEFF AND P MALLESON 


Department of Haematology, The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Two siblings developed a fulminant fatal myeloproliferative disease at 7 and 8 weeks of 
age. The illness presented with pallor, haemorrhagic symptoms, and hepatosplenomegaly, and the 
blood picture was that of pancytopenia and leucoerythroblastosis. Bone marrow histology showed 
reduced haemopoiesis with generalised fibrosis. Histiocytes were present, but haemophagocytosis 
was not prominent. There was evidence of extramedullary haemopoiesis in the spleen, with a chronic 
inflammatory infiltrate of other organs. The condition closely resembles acute idiopathic myelo- 
fibrosis of infancy, but the early onset with severe pancytopenia and the histological appearances 
may arouse suspicion of the possible familial nature of the condition. Although clinically resembling 
familial haemophagocytic reticulosis, the uncharacteristic bone marrow, liver, and spleen histology 


serve to exclude this diagnosis. 


Myelofibrosis is a myeloproliferative disease char- 
acterised by proliferation of haemopoietic cells, a 
variable degree of bone marrow fibrosis, a typical 
‘leucoerythroblastic’ blood picture, and myeloid 
metaplasia of the liver, spleen, and occasionally, of 
other organs. It occurs most commonly in middle- 
aged and elderly persons in whom the onset is 
nearly always insidious, with a prolonged course. 
In contrast to this the childhood form is rare, and 
often acute, with rapidly progressive bone marrow 
failure. In older children it is generally secondary to 
acute leukaemia!~’ or lymphoma,?-? but in infants it 
is often idiopathic 97? We report a fulminant 
myeloproliferative disorder occurring in two siblings, 
and discuss the differential diagnosis and implications 
for genetic counselling of the condition. 


Case reports 


Case 1. A girl, the second child of healthy parents 
(the paternal grandparents were 2nd-cousins), 
was born at 36 weeks' gestation after an un- 
complicated pregnancy. A 4-year-old brother was 
healthy. She had been well until 8 weeks of age 
when pallor and hepatosplenomegaly were noted. 
Hb was 5:7 g/dl, white blood count (WBC) 3:9 x 
109/1 with 0-9 x 10?/l neutrophils, a few metamyelo- 
cytes, and 2-5 normoblasts per 100 WBC (Table 1). 
A bone marrow aspirate was cellular. Antibody 
titres to cytomegalovirus, rubella, measles, mumps, 
herpes simplex, and varicella zoster were normal, as 
were serological tests for syphilis, and the toxo- 
plasma dye test. 


On examination at 12 weeks, she had a head 
circumference <3rd centile, mild right hemihyper- 
trophy, and a mongoloid slant to the palpebral fis- 
sures; she was pale, with multiple bruises over the 
trunk. The liver was enlarged 6 cm and the spleen 
9 cm below the costal margin. There was no lympha- 
denopathy. Blood count showed anaemia, thrombo- 
cytopenia, and neutropenia with leucoerythroblastic 
features (Table 1) Bone marrow from two 
different sites was extremely difficult to aspirate 
and was hypocellular with reduced granulopoiesis, 
erythropoiesis, and platelet production. Blast cells 
were not increased and there was no malignant cell 
infiltration. The aspirate was negative for tuber- 
culosis on culture and immunofluorescence testing. 
A bone marrow trephine was hypocellular and 
showed increased reticulin deposition. Chromosome 
analysis showed a 46XX karyotype. Serum IgM 
was 126 IU/ml (increased), IgA 38 IU/ml and IgG 
75 IU/ml (normal), antinuclear factor negative, HbF 
3%, and random urine screen negative for muco- 
polysaccharides. 

She developed multiple staphylococcal abscesses 
and became increasingly ill. Treatment was started 
with intravenous antibiotics but her condition 
continued to deteriorate with the onset of generalised 
convulsions. She died 2 weeks after admission and 
6 weeks after the onset of the illness. 


Case 2. A boy, born at term. He had been well until 
aged 7 weeks when he became pale and anorectic, 
and developed opisthotonic posturing; his develop- 
ment had regressed also. 
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Table 1 


Case 
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On examination, he was a very unwell pale baby 
with a purpuric rash on the trunk and limbs. There 
were impetigenous lesions on the trunk, and he had 
severe purulent rhinitis. The liver was palpable 5 cm 
and the spleen 8 cm below the costal margin; there 
was no lymphadenopathy. 

Hb was 5:3 g/dl, WBC 4-4 x 10°/I, platelets 
10 x 10?/l, and a blood film showed sparse nucleated 
red blood cells (Fig. 1), myelocytes, and metamyelo- 
cytes (Table 1). Bone marrow was difficult to aspirate 
and showed moderately cellular smears with active 
erythropoiesis and reduced granulopoiesis. Mega- 
karyocytes were scanty, histiocytes normal, and 
there was no increase in blasts or evidence of malig- 
nant infiltration. Trephine biopsy was cellular 'and 
confirmed the reduction of megakaryocytes and 
myeloid precursors, and showed a pronounced 
increase in reticulin. Chromosome analysis of blood 
and bone marrow cells was normal. 

Liver function tests showed slightly raised trans- 
aminases (ALT 34 IU/l, AST 92 IU/I); bilirubin was 
16 umol/1 (0:9 mg/100 ml). Serum IgA and IgM 
were normal (31 IU/l and 25 IU/D), and IgG" was 
slightly reduced (47 IU/I). Skeletal survey showed 
no evidence of osteosclerosis but vertebral bodies 
had a ‘bone within bone’ appearance. The following 
investigations were normal: toxoplasma dye test, 
Venereal Disease Research Laboratory and tre- 
ponemal haemagglutinination test, cytomegalovirus, 


ACT d —— MM MÀ — —  — a he, = y i 


3 
y © 
C? 


wd M 
Fig 1 (Case 2.) Blood showing polkilocyías and e 
normoblast. x 400. 
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EB virus antibody screen, rubella and herpes sumplex 
complement-fixation tests, urine and plasma amino- 
acid chromatograms, C3 and total haemolytic 
complement, antinuclear factor, plasma copper and 
zinc, white cell 8-galactosidase, fucosidase, mono- 
sidase, and plasma f-glucuronidase. On the fifth day 
after admission, intravenous antibiotics were begun 
because of neutropenia and intermittent pyrexia It 
was apparent that this child had a condition identical 
with that of his sister and in an attempt to influence 
the expected outcome of the illness, he was treated 
with vincristine 1:5 mg/m? on day 1, and 
prednisolone 80 mg/m? daily. Although his condition 
initially improved slightly, he subsequently developed 
diarrhoea and required nasogastric feeding. On day 
15, he began passing blood per rectum and his 
condition deteriorated with increasing jaundice, 
ascites, and oedema. He died 4 days later, 3 weeks 
after the onset of the illness. 


Necropsy 


Findings were similar in both infants (Table 2). 
Bone marrow showed reduced haemopoiesis and an 
increase in reticulin and collagen (Figs 2, 3, and 4). 
Histiocytes were present but haemophagocytosis was 
not prominent. Extramedullary haemopoiesis was 
present in the spleen and the liver showed fatty 


Table 2 Necropsy findings 
Case 1 





Case 2 





Reduced haemopoietic Reduced haemopoietic 
precursors. Increased precursors Diffuse 
reticulin and collagen. increase in reticulin 
Histiocytes present 

Small Malpighian 144 g enlarged 
corpuscles. Lymphoid depletion. 
Extramedullary Extramedullary 
haemopoiesis haemopoiesis 

Fatty change 33 g fatty and congested. 
Portal tracts connec- Chronic inflammation 

of portal tracts 


tive tissue and 
chronic inflammation Infrequent haemo- 
phagocytosis 

Lymphadenopathy. 
No follicles. 
Lymphocyte depletion 

Small foci of chronic 
inflammation 

Oedematous meninges, 
perivascular 
inflammatory infil- 
trate cerebrum and 
cerebellum 

Extensive inflammatory 
infiltration 

Oedematous with 
vascular congestion 
and focal pulmonary 
haemorrhage 

Diffuse dilatation, 
Extensive mucosal 
haemorrhagic necrosis 

i lle ues pn UL E. 


Bone marrow 


Spleen 


Liver 


No reactive follicles 


Lymph nodes 
Inflammatory cells 


Kidney Inflammatory cells 


Bram — 


changes witb portal tract infiltration by chronic 
inflammatory cells. Haemophagocytosis was sparse. 
Kidneys showed chronic inflammatory cell infil- 
tration as did the testes (Case 2), pancreas, and 
brain. 





Fig. 2 (Case 1.) Bone marow showing histiocytes 
and haemopoietic precursors. Giemsa x 400. 





Fig. 3 (Case J.) Bone marrow showing increased 
reticulin deposition. x 100. 





Fig 4 (Case I). Bone marrow showing heavy 
reticulin deposition. X 400. 


Discussion 


These siblings suffered from a fulminant, fatal 
illness characterised by the onset at 7-8 weeks of 
pallor, haemorrhagic symptoms, and hepatospleno- 
megaly. The blood picture was that of pancytopenia 
with leucoerythroblastosis, and the bone marrow was 
hypocellular with increased reticulin and collagen 
deposition. Haemophagocytosis, although present, 
was not a prominent feature. There was extra- 
medullary haemopoiesis in the spleen, with infiltration 
of liver, meninges, kidneys, pancreas, and (in Case 
2) the testes by mixed chronic inflammatory cells. 
The familial nature, early onset, and presentation 
with symptoms of bone marrow failure and hepato- 
splenomegaly suggest a diagnosis of familial haemo- 
phagocytic reticulosis. This condition was first 
described by Farquhar and Claireaux!® and 1s 
characterised by early onset of irritability, recurrent 
fever, pallor, and hepatosplenomegaly. This is 
associated with rapidly progressive panzytopenia, and 
neurological complications due to meningo-encepha- 
litis may occur. The course is generally fatal within a 
few weeks or several months, with jaundice and 
haemorrhage frequent terminal events. The most 
striking histological feature is phagocytosis of 
erythroid, and sometimes myeloid precursors by 
histiocytes infiltrating bone marrow, liver portal 
tracts, and sinusoids, splenic sinuses, and sometimes, 
other organs. Diagnosis may be difficult during life, 
as biopsy specimens do not always show evidence 
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of haemophagocytosis. However, microscopical 
examination at necropsy usually enables a firm 
diagnosis to be made. 

Although the clinical features of these two 
siblings suggested familial haemophagocytic reticulo- 
sis, histology at necropsy did not show prominent 
haemophagocytosis in reticuloendothelial organs, 
and the increased bone marrow reticulin’ and 
collagen deposition, with splenic extramedullary 
haemopoiesis, suggested rather myelofibrosis. 

Familial myelofibrosis occurring in siblings during 
infancy has not been reported; indeed, there are few 
reports of familial myelofibrosis at any age. Patakfalvi 
et al.* described two brothers, one presenting with 
hepatosplenomegaly at age 69, while the other de- 
veloped symptoms of anaemia at 72 years. Decastello!5 
and Bernard et al.1® described the occurrence of 
myelofibrosis in a father and daughter, and Ward 
and Block!’ described the father of one myelo- 
fibrotic patient having ‘cancer of the spleen and then 
the blood.’ | 

Myelofibrosis in infants is usually idiopathic or 
associated with acute leukaemia. It is important to 
attempt to distinguish the idiopathic variety from 
the illness occurring in our two patients, as the 
clinical findings appear to be almost identical. 
Table 3 gives the clinical and laboratory features of 
8 patients -with well documented idiopathic myelo- 
fibrosis occurring during infancy. The age of onset 
may be the only helpful feature: this ranged from 4 to 
30 months, whereas both our patients had presented 
by age 2 months. Although the laboratory data of 
these patients are incomplete, 7 of the 8 had normal 
or increased (1 case) total WBC, while neutropenia 
was present in only 2 (of 4 patients with differential 
counts). Platelet count was normal in 4 patients and 
low in a fifth. In contrast, both our patients 
presented with severe thrombocytopenia and neutro- 
pema. Lastly, histiocytic infiltration with haemo- 
phagocytosis was not mentioned in any of these 
reports, and although this was not a prominent 
feature 1n our patients, it was present, and therefore 
could be helpful in differentiating the two conditions. 

Myelofibrosis in childhood has been described in 
association with congenital anomalies? and , with 
chromosome abnormalities, although neither of 
these features has been reported in a familial context. 
Boxer et al? reported idiopathic myelofibrosis in a 
10-month-old girl who was born with multiple 
musculoskeletal abnormalities—short right leg with 
hypoplastic muscles, right foot equinus, small feet 
with hypoplastic toes, and hypoplastic oblique 
abdominal musculature. Developmental milestones 
were delayed, and at 21 months a left-sided seizure 
occurred. There were no siblings. The course of the 
disease was chronic and the patient was alive and 
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asymptomatic at the time of reporting, 12 years after 
presentation. 

There have been several reports of myelofibrosis 
occurring in. association with Down's syn- 
drome.9-9 1818 The myelofibrosis in 2 of these 
patients was secondary to acute myeloid,® or 
lymphoblastic? leukaemia, whereas 4 other 
patients? 18-1? suffered from a rapidly progressive 
myeloproliferative disorder similar to acute 
leukaemia, with undifferentiated cells in the blood, 
but with fibrosis of bone marrow rather than 
leukaemic infiltration. 

Myelofibrosis in childhood has been described in 
association with monosomy of the C group of 
chromosomes." However, the illness in this 5-year- 
old negro boy began with recurrent infections at 
13 months, and was initially characterised by high 
WBC. Although the illness terminated fatally with 
myelofibrosis and myeloid metaplasia, the course 
appears to be more like that of monosomy 7, and 
the myelofibrosis seems likely to have been part of a 
leukaemic process. 

Randall et al?! observed a familial myelo- 
proliferative syndrome in 9 related children: 7 were 
lst-cousins and the other 2 were oifspring of an 
apparently unaffected 1st-cousin. The disease was 
characterised by early onset (5 months to 4 years) 
of pronounced hepatosplenomegaly, anaemia, and 
thrombocytopenia. However, a prominent feature 
was leucocytosis, the WBC ranging from 27 to 
128 x 10?/1 in every patient except one. Myeloid 
hyperplasia of the bone marrow was a constant 
feature and there was no evidence of myelofibrosis 
or osteosclerosis. These patients therefore appear to 
have had a disease more akin to chronic myeloid 
leukaemia. The leucocytosis serves to differentiate 
this disorder from the one affecting our patients, 
both of whom had neutropenia. 

Our two siblings had a rapidly progressive fatal 
illness that closely resembled acute idiopathic 
myelofibrosis of infancy, but with features that 
suggested familial haemorrhagic reticulosis. Whether 
one classifies this as familial myelofibrosis or as an 
atypical variant of familial haemorrhagic reticulosis 
is less important than that it should be recognised as 
a familial disorder, with a presumed autosomal 
recessive mode of inheritance. Áppropriate genetic 
counselling could then be given thereby preventing 
the tragedy that occurred in this family. 


We thank Dr M K Strelling and Dr J N Mont- 
gomery, Consultant Paediatricians, Plymouth Gen- 
eral Hospital, for permission to publish these cases. 
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Thyroid-stimulating immunoglobulins in neonatal Graves’s disease 


C S TENG, T C TONG, J H HUTCHISON, AND R T T YEUNG 
Department of Medicine and Department of Paediatrics, University of Hong Kong, Queen Mary Hospital, 


Hong Kong 


SUMMARY Two patients with neonatal Graves’s 
disease are reported. One of them had a delayed 
onset because of suppression of the fetal thyroid 
gland by antithyroid drug taken by the mother 
during pregnancy. Thyroid-stimulating immuno- 
globulins (TSAb), measured by a receptor assay, 
were present in both babies when they were thyro- 
toxic, and also in their mothers. TSAb were 
undetectable in both babies 1 year after birth. This 
strongly supports a pathogenetic role of TSAb in 
this condition through transplacental transfer of 
maternal TSAb. 


There 1s strong evidence to suggest that Graves's 
disease is related to the presence of thyroid-stimu- 
lating immunoglobulins (TSAb).! Neonatal Graves’s 
disease is a rare but interesting disease in which the 
transfer of maternal immunoglobulins (fgs) across 
the placenta to the fetus is implicated in the patho- 
genesis.?-? In all previous studies, mouse bioassay 
techniques were used to detect such Igs. Employing 
a radioreceptor assay, we have demonstrated TSAb 
in 2 babies with neonatal Graves’s disease and their 
mothers. As far as we are aware, this is the first study 
of TSAb activity as measured by receptor assay in 
patients with this disease. 


Case reports 


Case 1. The mother of the first baby had been treated 
for Graves’s disease during her second pregnancy 
in 1975 but the baby born was normal. She relapsed 
again during the third pregnancy in 1976 and was 
treated until the 35th week of gestation. Two days 
later, a baby girl was delivered prematurely, birth- 
weight 2970 g. 

On day 8, the baby was found to have rather 
prominent eyes. On day 17, tachycardia was noted 
and thyroid function tests were requested (Table 1). 
By 5 weeks of age, she was clinically thyrotoxic with 
irritability, failure to gain weight, tachycardia, and 
bilateral eye signs although thyroid gland was not 
palpable. Treatment with Lugol's iodine, propranolol, 
and chloral hydrate was started. A good response 


Table 1 Thyroid function and TSAb indices in Case 1 
Age Thyopac-4 Thyopac-3 Free TSAb Maternal 
(ug//00 ml) (4) thyroxine index (%) TSAb 
Y index (95) 
Day 17 18 71 23.9 — -— 
7 weeks 8.3 97 8 5 55 6 58 0 
1 year 8 8 98 91 87 4 71.5 
Normal 
adult 
range 4 5-12 88-116 4 3-11:7 83.3-126 


Conversion traditional to SI umts—T4. 1 ug/100 ml = 12 87 nmol/l. 


was noted and the eye signs regressed. The baby 
remained asymptomatic after the antithyroid drugs 
were stopped at 13 weeks. Both the mother and the 
baby defaulted from follow-up until the baby was 
l-year old although the mother sought treatment 
from private practitioners. 


Case 2. The mother had received radioactive iodine 
therapy for thyrotoxicosis 1 year before delivery of 
the baby. In the 35th week of pregnancy, she relapsed 
again but no treatment was given. 

A girl was delivered during the 43rd week of 
pregnancy, birthweight 2300 g. On day 2, she began 
to manifest hyperthyroid features with irritability, 
sweating, and tachycardia, Thyroid function tests 
on day 4 confirmed hyperthyroidism (Table 2). 
There was a good response to carbimazole and 
potassium iodide which were stopped after 6 weeks 
and the baby remained euthyroid thereafter. 


Methods 


Serum thyroxine was measured by Thyopac-4 kit 
(Amersham), thyroid hormine binding capacity by 
Thyopac-3 kit (Amersham), and free thyroxine 
index calculated from these values. 

TSAb activity was measured by a receptor assay* 


Table2 Thyroid function and TSAb indices in Case 2 





Age Thyopac-4 Thyopac-3 Free TSAb Maternal 
(ug/100 mI) (9 thyroxine index (V) TSAb 
index index (7) 
Day 4 26 70.4 36.9 — — 
Day 25 44 122 3 3.6 62 6 61 8 
1 year 10-1 110-6 9 I 91.0 — 
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which depends on the ability of patient's Igs to 
inhibit the binding of CSI) bovine thyrotrophin 
(DTSH) to crude human thyroid membranes 
obtained after homogenisation and centrifugation 
at 10000 x g. Immunoglobulins were precipitated 
from sera by saturated 3-75 mol/l ammonium 
sulphate. Highly purified bTSH was iodinated by the 
lactoperoxidase method. 

After 200 ul of Igs or unlabelled bTSH and 50 ul 
of crude thyroid membranes were incubated at 
37°C for 10 min, 50 wl of (°T) bTSH was added, and 
incubation continued for 60 min. After addition of 
1 ml cold buffer, the incubation mixture was centri- 
fuged at 25 000 x g for 30 min at 4°C, and the 
bound count expressed as a percentage of total 
radioactivity added. Pooled normal Igs were used as 
control ın each assay. Nonspecific binding deter- 
mined as 2T) bTSH bound in presence of 0:1 
unit bTSH per ml and 20 mg/ml of pooled normal 
Igs was subtracted from the binding in each sample. 
The TSAb activity was expressed as a TSAb index ? 
defined as: 

[CI bound in presence of patient's Igs/(1 T) bound 
in presence of pooled normal Igs] x 100%. 

Previous studies? in our laboratory have estab- 
lished the TSAb index in normal controls to be 
above 83%, thus any TSAb index below 83% was 
regarded as TSAb-positive, and that above 83% as 
TSAb-negative. The intra-assay and interassay 
coefficients of variation were 5% and 12% res- 
pectively. In particular, we have found the TSAb 
indices in 10 normal women 6 weeks’ postpartum 
to range from 99-7 to 119-6% (mean 109-9 %) and in 
9 euthyroid 1-year-old babies to range from 84-2 to 
128-497 (mean 98-695). 


Results 


The thyroid function tests and TSAb indices of Case 
1 and the maternal TSAb indices are shown in 
Table 1. The earliest thyroid function tests at day 17 
showed hyperthyroidism but these had returned to 
normal at 7 weeks of age with treatment. The TSAb 
index of the baby at 7 weeks was positive at 55-6% 
and the corresponding TSAb index in the mother 
then was positive too at 58 ?4. The TSAb index in the 
baby became negative (87. 497) at 1 year of age 
whereas the mother's TSÀb index then was still 
positive (77-592). The rise in the maternal TSAb 
index between 7 weeks postpartum and 1 year 
is presumably related to treatment given by other 
doctors during that year, and we have evidence that 
the TSAb index returns towards normality after 
a period of treatment with antithyroid drugs.? 
Table 2 shows the thyroid function tests and 
TSAb indices of Case 2. Hyperthyroidism was 
documented as early as day 4. On day 25 when the 


baby was still receiving antithyroid drugs, the TSAb 
index was positive at 62 6% and the corresponding 
TSAb index in the mother was also positive at 
61-8924. At L year of age, the TSAb index in the 
baby was negative at 9177. 


Discussion 


Two patients with neonatal Graves’s disease are 
reported. In Case 1, the clinical manifestations were 
delayed probably due to the late withdrawal of 
antithyroid drug in the pregnant mother so that the 
thyroid gland was suppressed in ufero and during the 
baby’s first few weeks of life. In Case 2, thyrotoxicosis 
was evident almost from birth, probably because no 
antithyroid drug had been given to the mother 
during pregnancy. 

In both cases, TSAb were positive in the babies 
who still required drugs for the thyrotoxicosis. 
TSAb were also positive ın their mothers at the 
same time. This is in keeping with the hypothesis 
that maternal TSAb cross the placenta and are 
responsible for the manifestations of neonatal 
Graves's disease. It 1s interesting to note that TSAb 
could still be detected in Case 1 as late as 7 weeks of 
life. TSAb were not detectable at 1 year of age in 
either baby when each was euthyroid without any 
treatment. i 


We thank Dr J G Pierce for his gift of highly 
purified bovine TSH for 1odination, and P Ho and 
P Wong for technical assistance. 


The University of Hong Kong Higher Degrees and 
Research Grants Committee provided financial 
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Comparison of axillary, oral, and forehead temperature 


J E MASTERS 


Department of Paediatrics, Guy's Hospital Medical School, London 


SUMMARY The forehead Fever Scan gave a better 
estimate of oral temperature than did axillary 
temperature in 36 children with and without fever. 





It 1s generally accepted that in the first year of life 
the temperature should be taken rectally, up to age 
5 it should be taken in the axilla, and in school- 
children it should be taken orally.! The groin has 
also been suggested as a useful site in infancy? 
Normal oral temperature is considered to be 98: 69F 
(379C) but it fluctuates throughout the day. In this 
study, as in others,? fever was defined as an oral 
temperature 21009F (37-79C). No definition of 
fever as measured in the axilla is quoted in standard 
nursing or medical textbooks. 

The forehead Fever Scan is one method of 
temperature measurement. Jt consists of plastic- 
encased thermophototropic substances that change 
colour over a specific short range of temperature. 
The manufacturers recommend that if readings are 
in the range 102-1049F (38-8-409C), or if one 
suspects that fever is present, a doctor should be 
consulted. 

Another type of thermometer is the Nicholas 
Temtake oral disposable thermometer, which uses 
a series of temperature-sensitive dots that turn blue 
to give a reading. In a recent survey* some of these 
thermometers occasionally failed to register and 
others were chewed beyond useful recognition. The 
method was expensive compared with the ordinary 
clinical thermometer although reasonably accurate 
results were obtained and it was considered to be 
useful if cross-infection was a problem. 

This study aimed to compare the accuracy of 
axillary temperature and the Fever Scan as indicators 
of the core temperature measured in the mouth. 


Methods 


36 children aged between 5 and 15 years were 
studied at seven hospitals, one general practice, and 
a primary school. Healthy children were tested and 
also those in hospital with conditions ranging from 
postoperative pyrexia to possible Still's disease and 
hypothalamic malfunction. All the children were 
over age 5 years as it was important that they should 
be able to tolerate an oral thermometer. The three 


thermometers were used simultaneously within 3 
minutes. 


Electronic thermometer—orally. The electrotherm 
digital thermometer (Marshall Electronics, Inc.) is a 
battery-operated electronic thermometer with a 
digital readout. It has disposable probe covers to 
prevent cross-infection. It was wiped with a medi- 
swab, a cover was applied, and it was then placed 
sublingually for 1 minute. The readout was in °F. 


Clinical thermometer—axillary. The clinical thermo- 
meter used was one that had been tested by the 
British Standards Institution; it is made for Boots 
by Zeal (England). The thermometer was wiped 
with a mediswab and placed under the arm for 3 
minutes. This time was chosen because it had been 
shown in a study from Oxford® that at least 3 
minutes should be allowed when recording oral 
temperatures. The results were in °F. 


Fever Scan—forehead. The Fever Scan (American 
Thermometer Co.) 1s a forehead thermometer 
which quickly estimates body temperature. The 
forehead was wiped with a tissue and the scan held 
at both ends and pressed flush against the forehead 
for 15 seconds. The scan was then read immediately. 
The section in which the colour green appeared gave 
the correct temperature. Tan/red was 1°F lower 
than the number shown so that the scan can read 
from 96 to 104°F (35-5-409C). The scan was wiped 
with a mediswab after use. 


Results 


The children had oral temperatures from 95-9 to 
102-59F (35-5 to 39°C), scan readings from 97 to 
103°F (36-1 to 39-49C), and axillary temperatures 
ranging from 96 to 101-:49F (35-5 to 38-59C). 

The regression of Fever Scan temperature against 
oral temperature gave a correlation coefficient of 
0-86 (Fig. 1a). The regression of axillary temperature 
against oral temperature gave a correlation coeffici- 
ent of 0:81 (Fig. 1b). The line y — x reflects oral 
temperature equivalent to the axilary or scan 
temperature. A ż test between y = x and the two 
regression lines showed that there was no significant 
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Figure Scatte: diagrams and regression lines comparing 
(a) Fever Scan and (b) axillary recordings with oral 
temperature. Each regiession line is compared with the 
line y=x. 


difference (P —0-1) between y = x and the regression 
line of scan against oral temperature. This suggests 
that the Fever Scan gave a reasonable estimate of 
oral temperature. There was however a significant 
difference (P 0:01) between y = x and the regres- 
sion line of axillary against oral temperature, sug- 
gesting that axillary temperature did not give a good 
estimate of oral temperature. 

The Table shows the number of fevers, defined as 
=2100°F (37-79C) orally, that were recognised by 
the Fever Scan. A reading -—1019F (38:3°C) 


l 
Table Compa:ison of oral measurement with Feven 
Scan | 





Oral temperature (^F) 


Scan temperate CF) Fever No fever Total i 
(> 100) 
Fever (101) 10 3 13 
No fever 1 22 23 
25 36 


Total 11 


on the Fever Scan produced 3 false-positives 
and 1 false-negative fever—that 1s, it recognised 
10/11 (91%) of the fevers. With a threshold at 
221009F the number of false-positives was con- 
siderably increased. 

The results of the axillary thermometers produced 
more false-negative fevers and, with fever defined 
as an axillary temperature >99°F (37-7°C) to allow 
for temperature difference between the sublingual 
pocket and axilla, 6/11 (55%) of the fevers as 
defined by an oral temperature 21009F (37-79C) 
were not identified. 


Discussion 


The Fever Scan appears to provide a better estimate 
of oral temperature than does axillary perenne 
in schoolchildren. 

It is possible that the Fever Scan would be a 
satisfactory method of taking temperatures, in the 
under 5 age group if fever is taken as >>101°F 
(38-3°C) on the scan. Further studies would be 
needed to confirm this statistically with Hs value 
already decided on. 

These results differ from those obtained ‘in an- 
other study,? which compared temperatures measured 
by a Clinitemp forehead scan with temperatures 
measured rectally (pyrexia =101°F) and’ orally 
(pyrexia >100°F) by an electronic thermometer. 
Those results gave an unacceptable rate of false- 
negative values: 17 (57%) of 30 children with fever 
had normal temperatures with the Clinitemp 
(>100°F). If the threshold had been raised to 
>101°F more false-negatives would have been 
obtained. 


I thank Rosemary Dalton, Department of Com- 
munity Medicine, Guy’s Hospital, and the staff, 
parents, and children for their co-operation and 
help. 
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Does discarding the first few millilitres of breast milk improve the 
bacteriological quality of bank breast milk? 


L CARROLL, M OSMAN, AND D P DAVIES 


Deportment of Child Health and Microbiology, Leicester Royal Infirmary 


SUMMARY The bacteriology of 20 paired samples 
of breast milk was analysed to find out if discarding 
the first few millilitres would reduce the amount of 
bacterial contamination in breast milk donated to a 
hospital milk bank. The first sample was the initial 
2-3 ml collected from the opposite breast to that first 
suckled by the baby, and the second was a mid- 
stream sample from the same breast. There was no 
significant difference in the colony counts between 
the paired samples, and in no instance did the 
bacterial flora of the second sample differ from that 
of the first. 


In collecting breast milk for human milk banks an 
important practical question that is often asked, 
does discarding the initial few millilitres of milk 
before the definitive collection begins yield a 
bacteriologically clearer milk?! Williamson et al.,? 
referring to the work of West and Hewitt,? proposed 
that mothers should discard the first 5-10 ml. This 
might be appropriate for milk banks that rely mainly 
onmilkcollected from mothers at home when lactation 
is well established. However, many milk banks, of 
which ours 1s an example, generally use milk which 
is collected from early lactating mothers who are 
still in hospital. In such circumstances discarding the 
first few millilitres would greatly reduce the amount 
of milk available for babies. 


Materials and methods 


The milk bank of the Leicester Royal Infirmary 
Maternity Hospital is mainly stocked from milk 
which drips from the opposite breast during lac- 
tation and collected in a shell. In this study two 
samples of breast milk were collected from 20 
mothers between 4 and 7 days after delivery: the 
first sample was the initial 2-3 ml which were 
collected from the opposite breast to that first 
suckled by the baby; the second was a midstream 
sample from the same breast. Each milk sample was 
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Figure Bacterial colony counts in 20 paired samples 
of donated breast milk. 


collected into a sterile universal container. Skin 
"antiseptics were not applied to the breasts and no 
mother was taking antibiotics. The breasts were 
frequently washed with soap and water. The milk 
samples were delivered to the laboratory and dealt 
with immediately. Serial dilutions of milk between 
10 and 10-5 were made in nutrient agar (Oxoid), 
using a semiautomated diluter, and after overnight 
incubation at 37°C the bacterial species and number 
of colony forming units per litre were determined. 
Student's paired ¢ test was used to measure the 
significance of differences in colony counts between 
the two milk samples. 


Results 


The Figure shows the bacterial colony counts in the 
samples of breast milk. There was no significant 
difference between the colony counts of the paired 
samples, and in only one instance did the bacterial 
flora of the second sample differ from that of the first. 


Discussion 


West and Hewitt? showed that 10 ml milk needs to be 
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discarded before the bacteriological quality of the 
milk improves significantly. Our study shows the 
futility of discarding the first 2-3 ml while collecting 
breast milk for banking. We conclude that milk 
banks whose milk derives mainly from early lac- 
tating mothers should not discard the first part.of 
the milk collected, as this will appreciably reduce 
the quantity of the milk without bacteriological 
advantage. 
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Visual deterioration as presentation of subacute sclerosing panencephalitis 


HEATHER M JOHNSTON, GRAHAME A WISE, AND J GRAHAM HENRY 


Prince of Wales Children’s Hospital and Marsden Hospital, Sydney, Australia 


SUMMARY A 7-year-old boy presented with deterio- 
rating vision and macular degenerative changes. 
A month later he had developed unusual behaviour 
and increasing forgetfulness. An electroencephalo- 
gram showing periodic complexes, and high measles 
complement-fixation titres in the cerebrospinal 
fluid and blood, confirmed the diagnosis of sub- 
acute sclerosing panencephalitis. Four months after 
the onset of visual symptoms he started having 
myoclonic jerks. 


A focal chorioretinitis has been described frequently 
in patients with subacute sclerosing panencephalitis 
(SSPE)J However, visual symptoms preceding the 
more common features of the disease—myoclonic 
jerks, mental deterioration, and progressive motor 
deficit—are rare. * We report the case of a child 
referred because of visual problems noted at school. 


Case report 


A 7-year-old boy was referred by his school to an 
ophthalmologist because he had been complaining 


for 2 months that he found it difficult to see his 
schoolwork. His visual acuity was assessed at 6/60 
in both eyes. Bilateral macular degenerative changes 
were seen and thought consistent with a dystrophy. 

On review one month later his mother's chief 
concern was an alteration in his behaviour. He had 
become increasingly forgetful, failing to complete 
simple tasks at home. The school reported him to be 
vague and not learning as well as previously. At 
this stage he was referred to the neurology clinic 
at this hospital. | 

He presented as co-operative and alert but had 
difficulty understanding straightforward requests 
during the examination. He was unable to perform 
simple calculations or to give his address. Physical 
examination was normal, apart from the eye findings. 
Pupils were equal and reacted to light. Fields were 
difficult to test because of his lack of understanding 
but peripherally they appeared to be intact. Visual 
acuity was estimated at less than 6/60 bilaterally 
on formal testing, but at 6/24 with pictures. On 
fundoscopy the discs appeared normal. The right 
macular area showed an outer irregular dark 
pigmented area surrounding a light central ‘hole’. 
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similar, but lesser, changes were seen on the left. 
A cerebromacular degeneration of the Batten type 
was suspected. 

Among the initial investigations was an electro- 
encephalogram which showed periodic sharp and 
slow wave complexes occurring every 8-10 seconds, 
suggesting SSPE. His cerebrospinal fluid (CSF) 
contained 2 mononuclear cells per mm? and the 
protein content was 0:23 g/l. IgG was increased at 
0.052 g/l giving an IgG/albumin ratio of 0-45 
(normal 0-04-0-24). The diagnosis of SSPE was 
confirmed by measles complement-fixation titres of 
1 in 64 in the CSF and 1 in 2048 in the blood. 

When he had been 7-months old his sister had had 
measles and been unwell for several] days. He had had 
a similar rash lasting one day, but was not unwell. 

Two weeks after discharge he had a generalised 
tonic seizure and within a few weeks was having 
regular myoclonic jerks. Within 6 montbs of diag- 
nosis he required institutional care because of 
increasing motor disability and lack of responsive- 
ness. 

At this stage both discs were noted to be pale 
and the retinal vessels of decreased calibre. The 
right macular region contained pigmented and 
depigmented areas as before with increased light 
reflexes (Fig. 1). On the left some macular oedema 
was noted with less marked pigmentary changes 
than on the right but with some chorioretinitis 
along the vessels. An electroretinogram was normal 





Fig. 1 Hyperpigmentation and ‘hole’ foi mation in 
the right macular region with increased light 
reflexes lateral to this area. (Taken 9 months after 
onset of symptoms.) 





Fig. 2 Areas of depigmentation in the lower part of 
the left retina. (Taken 10 months after onset of symp- 
toms.) 


but no cortical-evoked responses could be obtained 
to flash stimulus. A month later further retinal 
changes were noted with a depigmented area extend- 
ing to the periphery in the left nasal sector (Fig. 2). 


Discussion 


In 1970 Nelson et al.? demonstrated Cowdry type A 
intranuclear inclusions in ganglion and bipolar 
cells adjacent to an area of foveal necrosis in a 
child who died with SSPE. Font et al.§ were able to 
show intranuclear inclusions in glial cells as well as in 
all three layers of neurons in the macular area. 
Electron microscopical examination showed that the 
inclusions consisted of filamentous structures of a 
paramyxovirus consistent with the measles virus. 
The findings of macular pigmentary changes with 
‘hole’ formation and focal areas of chorioretinitis 
should alert the clinician to the possibility of SSPE 
in a previously well child with visual symptoms. 
Early diagnosis will prevent unnecessary investiga- 
tions and prolonged uncertainty for the parents. 
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Congenital central hypoventilation syndrome 


A report of successful experience with bilateral diaphragmatic pacing 


MICHAEL COLEMAN, STEPHEN J BOROS, THOMAS L HUSEBY, AND 


WILLIAM S BRENNOM 


Department of Neonatal Medicine and Department of Surgery, Children's Hospital, St Paul, Minnesota, USA 


SUMMARY Bilateral diaphragmatic pacing was suc- 
cessfully performed in an 18-month-old child 
with congenital central hypoventilation syndrome 
(Ondine's curse) as an alternative to long-term 
mechanical ventilation. Subsequent complications 
were related more to cor pulmonale and trache- 
ostomy care than to the pacing itself. 


Congenital central hypoventilation syndrome 
(CCHS), often referred to as ‘Ondine’s curse’, is a 
rare disorder of ventilatory control, characterised 
by hypoventilation during sleep. Patients with this 
disorder require long-term mechanical ventilation, 
and most eventually develop fatal cor pulmonale. 
Few paediatric cases have been reported. Hunt ef 
al. reported the successful treatment of 3 infants 
with this condition, using radiofrequency dia- 
phragmatic pacing. This report describes another 
successful experience using bilateral diaphragmatic 
pacing in the treatment of an 18-month-old child 
with CCHS. 


Case history 


A term boy, weighing 2992 g, was born after an 
uncomplicated pregnancy, labour, and delivery. 
Apgar scores were 7 and 8 at one and five minutes. 
During the first 8 hours of life, the infant experienced 
apnoeic episodes while sleeping. Serum electrolytes, 
glucose, calcium, and magnesium determinations 
' were normal. Cerebrospinal fluid examination was 
normal. Chest x-rays showed no cardiomegaly or 
pulmonary disease. Skull x-rays, cranial com- 


puterised tomography, and electroencephalograms 
were normal. The apnoeic episodes were initially 
treated with nasal continuous distending airways 
pressure and, later, with intravenous aminophylline. 
Neither treatment was successful. 

On the third day of life, the infant was intubated 
and intermittent mandatory ventilation was ad- 
ministered during sleep. During the next 2 months, 
he received therapeutic trials with atropine, caffeine 
citrate, progesterone, thyroxine, oral doxapram, and 
phenobarbitone. None of these drugs was successful 
in preventing hypoventilation during sleep. A 
tracheostomy was performed at 2 months of age. 
Bronchoscopy and fluoroscopy of the trachea were 
normal. À carbon dioxide ventilatory response during 
sleep showed no increase in minute ventilation, 
despite increases in alveolar CO, to 60-80 mmHg. 
Ventilation was normal when awake. 

At 6 months of age, he was sent home with a 
volume preset ventilator for respiratory assistance 
during sleep. However, during the next 2 months, 
the child and his family experienced many mechani- 
cal problems with the ventilator, pulmonary toilet, 
and recurrent pulmonary infections. Eventually, 
parental stress necessitated readmission. At that time, 
the patient's chest x-ray showed mild cardiomegaly. 
His electrocardiogram showed right ventricular 
hypertrophy. Both of these findings were consistent 
with the diagnosis of early cor pulmonale. Cor 
pulmonale was treated with chronic diuretics and 
the administration of 30% oxygen during spon- 
taneous wakeful breathing and during mechanical 
ventilation when asleep. 

At 18 months of age, bilateral phrenic nerve 
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electrodes and radio receivers were surgically im- 
planted. The electrodes were placed on the lower 
thoracic portion of each phrenic nerve. The radio 
receivers. were implanted subcutaneously in the 
anterolateral abdominal wall. The receiver, electrode 
cuff, and antennae were the same radiofrequency 
pacemaker system used in previous reports (Avery 
Laboratories, Farmingdale, NY).* The external 
transmitter (Model $242, Avery Laboratories) differs 
from previous systems in that the threshold and 
amplitude controls are separate. There are 4 modes 
of operation permitting unilateral, alternate side, 
or simultaneous bilateral pacing. The respiratory 
rates ranged from 9-50 breaths/minute, and the 
inspiratory/expiratory ratio is a constant 1:2. Pacing 
was initiated on the 10th postoperative day. Simul- 
taneous bilateral pacing during sleep was begun at a 
respiratory rate of 20 breaths/minute. The amplitude 
of the electrical stimulus was adjusted until tidal 
volumes of 10-12 ml/kg and end tidal CO, values 
measured between 35 and 40 mmHg. End tidal CO, 
measurements were made with an infrared CO, 
analyser (Cavitron Model PM2ONR). Tidal volumes 
and minute volumes were measured with a Godart 
pneumotachograph (type 17212). 

The patient was discharged 3 weeks after surgery. 
He was readmitted one week later because of 
problems with pulmonary toilet. An air conditioner 
and electrostatic air purifier were installed in the 
infants home and subsequent mechanical airway 
problems were slight. However, he was admitted to 
hospital on several occasions for intercurrent pul- 
monary infections. 

The child is now 25 months old. A Denver Develop- 
mental Screening Test performed at 22 months of 
age was normal except for speech and failure to 
feed with a spoon. Because of refusal to eat or 
swallow solid foods, his diet consists of strained 
foods fed by gastrostomy. Barium swallow and 
fluoroscopy of the trachea showed no apparent 
physiological reason for this persistent problem with 
swallowing. His current medications include chloro- 
thiazide and spironolactone for treatment of 
chronic cor pulmonale. 


Discussion 


Remote radiofrequency diaphragm pacing has been 
used successfully in the treatment of adults with 
chronic ventilatory insufficiency with normal func- 
tioning phrenic nerves and diaphragm. Such 
patients include those with paralysis of respiratory 
muscles, with acquired central hypoventilation 
syndrome, and with chronic obstructive pulmonary 
disease.? In infants and children however, unilateral 
pacing is not feasible because of the wide mediastinal 
shift which occurs with excursion of only one dia- 


phragm on stimulation of the unilateral phrenic , 
nerve. Consequently, bilateral diaphragmatic pacing 
is used, but only during sleep. 

Long-term results of intermittent, bilateral dia- 
phragmatic pacing are not known because of the 
small number of cases reported. The longest dura- 
tion of successful intermuttent bilateral pacing 
reported thus far in a child with CCHS is nearly 3 
years (C E Hunt, 1979, personal communication). 
Radecki and Tomatis reported continuous bilateral 
pacing of an infant with bilateral phrenic nerve 
paralysis for 142 days before death from broncho- 
pneumonia.* Initial histopathological examination 
of sections of a phrenic nerve from that infant 
showed no abnormalities. However, subsequent 
evaluation of those same specimens showed axonal 
dystrophy at the site of the electrode implantation 
and more severe distal degeneration.* Continuous 
bilateral pacing is undesirable; it is also unnecessary 
unless both voluntary and involuntary control of 
respirations are deficient. Our patient does not 
hypoventilate while awake, thus avoiding the need 
for continuous pacing. 

The problems associated with bilateral phrenic 
nerve pacing in infants and children are related more 
to cor pulmonale, a result of chronic hypoventi- 
lation, than to the mechanics of pacing itself. Im- 
portant ancillary management of our patient 
includes supplemental oxygen, diuretics, and meticu- 
lous attention to pulmonary toilet, tracheostomy 
care, and reduction of environmental particulate 
matter. Upper airways occlusion by secretions is a 
significant risk in any patient with a tracheostomy. 

The long-term prognosis for our patient is un- 
certain. CCHS appears to be a permanent defect in 
voluntary regulation of sleep, perhaps a congenital 
defect in central nervous system development. In one 
patient with CCHS a generalised decrease in the 
density of neurons and myelinated nerve fibres in 
the respiratory centres of the medulla was found at 
necropsy.4 However, this patient had had neither 
voluntary nor involuntary control of ventilation. 
Custer et al.5 reported improvement in ventilatory 
responses to CO, over a period of 9 months in a 
patient with CCHS. Despite the uncertainty regard- 
ing the longevity of our patient, successful dia- 
phragmatic pacing has enabled him to become 
independent of mechanical ventilation and to lead 
a relatively normal life. 


Wethank Dr Carl Hunt and Mr Paul Gora, Children's 
Memorial Hospital, Chicago, for advice, and Mr Jim 
Day, Pulmonary Function Laboratory, United 
Hospitals, St Paul, Minnesota, and Mr Harold 
Haut, Avery Laboratories, Farmingdale, NY, for 
technical assistance. 
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Neonatal systemic candidiasis treated with miconazole 


SIMON TUCK 


Department of Paediatrics and Neonatal Medicine, Hammersmith Hospital, London 


SUMMARY ‘Two premature newborn infants with 
systemic candidiasis are reported; both were 
treated with miconazole. One died and the other 
made a complete recovery. Miconazole may be a 
useful addition to the drugs available for the treat- 
ment of systemic candidiasis in the neonate, but 
all of them have serious limitations. 


Systemic candidiasis is recognised as a potential 
hazard in premature newborn infants receiving 
intensive care. Effective treatment can be given for 
this condition, and it is therefore important to make 
the diagnosis early. This paper reports 2 infants; 
both were treated with miconazole but one died. 


Case reports 


Case 1. A boy, birthweight 950 g, was born pre- 
term in the antenatal ward in January 1979. His 
mother had been given dexamethasone and salbu- 
tamol since her admission in premature labour 4 
days earlier. Gestational age was estimated at 27 
weeks, and the baby was transferred to Hammer- 
smith Hospital 4 hours after birth. 

He developed clinical and radiological evidence 
of hyaline membrane disease. The first examination 
showed no other abnormality, although subsequent 
abdominal palpation suggested the possibility of a 
horseshoe kidney. An umbilical arterial catheter 
was inserted to monitor blood-gases, which remained 
satisfactory in ambient oxygen concentrations 
below 60%. 

At age 8 hours the baby started having apnoeic 
attacks. Initial investigations did not suggest an 
underlying cause other than immaturity. He was 
treated with penicillin and gentamicin for 7 days. 


Continuous positive airways pressure (CPAP) 
proved unhelpful, but continuous intravenous 
infusion of aminophylline resulted in considerable 
diminution of the frequency and severity of his 
apnoeic attacks. 

He was fed intravenously via Silastic central 
venous cannulas from 5 to 34 days of age. Naso- 
jejunal feeds were introduced at 11 days, but were 
stopped at 14 days because of recurrence of apnoeic 
attacks. At this stage there was hypercapnia, asso- 
ciated with excessive tracheal secretions, and the 
baby received respiratory assistance, in the form of 
intermittent positive pressure ventilation (IPPV) 
and CPAP, from 16 to 24 days of age. A second 
course of penicillin and gentamicin was given for 11 
days. Staphylococcus epidermidis and Streptococcus 
viridans were isolated from a pharyngeal swab on 
day 24, but no pathogens were isolated from repeated 
blood cultures, the Silastic cannula tip, cerebro- 
spinal fluid (CSF), or urine specimens. 

Thereafter progress was satisfactory until 'the 
29th day, when, during the introduction of a naso- 
jejunal tube, he again had an apnoeic attack, and he 
appeared pale and inactive. Investigations showed: 
haemoglobin 10-5 g/dl, WBC 29-5 x 10°/1 (71% 
neutrophils, 7% bands). CSF contained 4 RBC and 
20 WBC x 10*/l, but no organisms were seen or 
cultured. Blood cultures yielded S. epidermidis 
from one bottle and nonhaemolytic streptococcus 
from one bottle. 

He was given a third course of penicillin and 
gentamicin, and his condition improved. Naso- 
jejunal feedings were introduced gradually, until 
by day 34 he was entirely milk fed and the central 
venous feeding cannula could be removed. S. 
epidermidis was subsequently cultured from the 
catheter tip. 
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From day 30, urine microscopical examination 
showed budding yeast cells and hyphae, and urine 
cultures yielded Candida albicans. Treatment with 
miconazole was started on day 34 (Table), but 12 
hours later he developed pronounced abdominal 
distension. Àn x-ray film of the abdomen showed gas 
in the portal system, and at 35 days he died of 
fulminating necrotising enterocolitis. 

At necropsy, the main abdominal findings were 
acute necrotising enterocolitis, and a horseshoe 
kidney with mycelial masses in the renal pelvis and 
multiple abscesses in the medulla. In the brain, 


Table Plasma miconazole levels 


there were multiple granulomata, containing a 
few hyphae (Figure) within the white matter, ` 
especially in the periventricular region. No other 
organ appeared to be affected. 


Case 2. In January 1979 a girl, birthweight 1200 g, 
had birth asphyxia after a vertex delivery at 29 
weeks' gestation. Her mother had received beta- 
methasone, ritodrine, and ampicillin before delivery. 
After initia] resuscitation the baby developed res- 
piratory distress, and required IPPV from one hour 
after birth. An umbilical arterial catheter was 





e Dose Route 
(ng/kg) 
Case Í 5 IV 
Case 2, 1st course 
After 6 days 4 IV 
Case 2, 2nd course 
After 2 days 7.4 IV 
After 7 days 74 IV 
After 7 days 15 Naso- 
gastric tube 


Frequency Predose Postdose (ng |rni) MIC 
(hours) (g/m) (ng/ml) 
30 min 2 hours 
24 — 0 3 02 0-05 
24 0 2 0 4 0-2 
0 10 
12 0-1 0 4 0.2 
12 02 04 0 3 
8 — — 0 6 





TV —intrsvenous, MIC «- minimum inhibitory concentration. 


Plasma miconazole levels were determined by means of a broth dilution technique.? 





Figure Granuloma in ceiebral 
white matter containing fungal 
hyphae (arrowed). PAS x 400. 
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inserted for blood-gas monitoring, and she was 
given penicillin and gentamicin. Amino-acid solu- 
tions and dextrose were given via the arterial catheter. 
At 53 hours the baby developed a left pneumo- 
thorax, and, because of difficulties in achieving 
sustained re-expansion of the left lung, she was 
transferred to Hammersmith Hospital at age 6 days. 

Initially she made good progress, but because of 
continuing respiratory embarrassment, alimentation 
was continued via peripheral cannulas until day 14, 
and therafter via a Silastic central venous catheter. 
The pleural drain, from which .S. epidermidis was 
subsequently isolated, was removed on day 10. 

IPPV was stopped on day 11, but she continued 
to require extra oxygen, regular bronchial lavage, 
and physiotherapy because of excessive bronchial 
secretions, associated with recurrent bilateral lower 
lobe collapse, and hypercapnia. Cultures of tracheal 
aspirate yielded a mixed growth of S. epidermidis 
and C. albicans. On day 12 flucloxacillin was sub- 
stituted for penicillin and gentamicin, without any 
improvement in her condition, and in view of further 
isolates of Candida sp. from the sputum, antibiotics 
were stopped on day 17. 

On day 21 the baby started having frequent 
apnoeic attacks, for which she was treated with 
aminophylline. C. albicans was isolated not only 
from tracheal] secretions, but also from the urine, 
in which budding yeasts were seen on microscopical 
examination. Blood cultures and CSF cultures were 
negative. Miconazole was given intravenously in 
a dose of 5 mg (4 mg/kg) daily, diluted in 5 mi 0-9% 
saline, and infused over one hour. 

After 6 days' treatment, bronchial secretions had 
greatly diminished, urine microscopical examination 
showed no yeasts, and urine cultures were negative. 
The baby started to gain weight satisfactorily, her 
apnoea diminished, and miconazole and amino- 
phylline were stopped after 8 days—on day 29. 

During the next 6 days there was an insidious 
deterioration in her condition, with hypotonia, 
inactivity, and increasingly frequent apnoea. On day 
32 the central venous cannula was removed, and 
parenteral alimentation was continued via peripheral 
veins, 

On day 35 budding yeasts and hyphae were again 
seen in a urine specimen obtained by direct bladder 
aspiration, and C. albicans was isolated from one 
of three bottles in blood cultures taken 3 days 
previously. CSF examination was negative. Treat- 
ment with miconazole was restarted in the increased 
dose of 10 mg twice daily, intravenously. The 
baby's condition remained poor however until day 
41, when S. epidermidis was isolated from blood 
cultures drawn 3 days previously, and she was given 
penicillin and gentamicin. 


From then on she made excellent progress. 
Miconazole was given intravenously for 8 days and 
then via the nasojejunal tube for a further 9 days 
(Table). No side effects attributable to miconazole 
were observed, other than superficial ulcers secon- 
dary to phlebitis at peripheral infusion sites. No 
pathogens were isolated from these lesions, which 
healed rapidly, although with some scarring. Repeat 
examinations during the next 4 weeks showed no 
recurrence of yeasts in the urine. Ophthalmic 
examination on day 66 was normal. 

At age 5 months, her growth and developmental 
progress are satisfactory, and there are no abnormal 
neurological findings. 


Discussion 


Systemic candidiasis is well recognised as a compli- 
cation of parenteral nutrition, and of broad-spec- 
trum antibiotic therapy in the sick preterm infant. 
Common presentations are with renal involvement, 
meningitis,? osteitis, and arthritis. Endophthalmitis 
was present in 10% of the 49 reported cases reviewed 
by Keller ef al., but the true incidence may be 
higher.? 

Case 1 illustrates the fact that extensive cerebral 
involvement may occur without being clinically 
apparent. There were no symptoms to suggest this, 
and CSF cultures were negative on 5 occasions. 
Blood cultures and catheter tip cultures were also 
negative for Candida sp. Singer and Gilles* reported 
7 necropsy cases of unsuspected Candida sp., 
meningoencephalitis, with negative CSF cultures 
at necropsy, all occurring in critically ill babies 
receiving parenteral alimentation and  broad- 
spectrum antibiotics. They pointed out the pre- 
dominance of deep parenchymal lesions (micro- 
abscesses, cerebritis, and vasculitis) which are not 
reflected by CSF abnormalities. 

Stone? has suggested that urine examination and 
cultures may offer a more reliable means of diag- 
nosing systemic candidiasis than venous blood 
culture, and these cases support this view. We now 
consider that regular urine examination should be 
part of the routine management of preterm infants 
receiving parenteral alimentation, and that the 
finding in the urine of budding yeast cells, particularly 
hyphae,® should be considered an indication for 
immediate antifungal chemotherapy. Ideally, paren- 
teral feeding should be stopped and intravenous 
cannulas removed, but this may not always be 
practicable in the very small, sick, premature 
infant. | 

We are not aware of any other reports of the use of 
miconazole to treat preterm infants with systemic 
candidiasis, but in view of the potential toxicity of 
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amphotericin, and the frequency and rapidity with 
which resistance to 5-fluorocytosine may develop 
during treatment, it may prove to have a place in 
their management. 

Miconazole is a synthetic imidazole derivative, 
which alters the permeability of fungal cell mem- 
branes. Although soluble in most organic solvents, 
it is only slightly soluble in water, and circulating 
miconazole is mainly albumin bound. It penetrates 
poorly into cerebrospinal fluid, and hardly appears 
in the urine, but nevertheless candida renal infections 
may respond to intravenous miconazole.’ Meta- 
bolic breakdown occurs in the liver, various meta- 
bolites being excreted in bile and urine. Metabolism 
and excretion seem little influenced by renal in- 
sufficiency. . 

As yet no data are available about toxicity of 
miconazole in premature infants, but toxicity in 
adults has been largely associated with the carrier 
solution, Cremophor EL. Reported effects include 
microcytic anaemia, thrombocytosis, and increased 
serum triglycerides; all these are reversed after 
stopping treatment. 

Little is known about blood levels of miconazole 
in babies, and there is as yet no agreement about the 
most suitable dosage regimen. In Case 2, an intra- 
venous dose of 4 mg/kg daily resulted in apparent 
elimination of Candida sp. from sputum and urine, 
and the recurrence may have been due to the fact 
that the central venous cannula was left in situ. The 
plasma miconazole levels showed no evidence of 
drug accumulation in the blood over 7 days, at the 
higher dose of 7-4 mg/kg twice daily, despite the 
fact that the baby was very ill, and this dose was 
clinically effective. 

With the increasing use of parenteral alimentation 
in the management of premature infants, systemic 
candidiasis is likely to become more common. 
Early diagnosis is essential, and the finding of 
hyphae in the urine is important in this context. 
None of the drugs previously used in this condition 
is entirely satisfactory. This is probably also true 


of miconazole; and information about its effects in 
premature infants is still scanty. Nevertheless, 
miconazole may prove a useful addition to the 
treatment available for this dangerous disease. 


I thank Dr P A Davies and Dr M Silverman for 
permission to report these patients, Dr Silverman for 
advice, and Dr J S Wigglesworth for the photograph 
and pathology report. The measurements of mico- 
nazole blood levels were made by Professor DW R 
McKenzie, Mycological Reference Laboratory, 
London School of Hygiene and Tropical Medicine, 
London. 
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Scottish Paediatric Society 


At the Summer Meeting held at Raigmore Hospital, 
Inverness, on Friday 30 May 1980, the President, 
Dr W H Galloway, was in the chair. 


Post-perinatal infant mortality in Glasgow (1979). 
G C Arneil, A Harvie, A A M Gibson, W J A 
Patrick, H T McIntosh, and H Brooke. Royal 
Hospital for Sick Children, Glasgow. 


A detailed study of post-perinatal deaths occurring in 
infants aged 7—365 days in 1979 has been conducted 
in the Greater Glasgow Health Board Area. The 
purpose was to establish the causes of such deaths 
and to classify them. The possible effects of improved 
perinatal care 1n postponing deaths beyond the 7th 
day of life, thus increasing post-perinatal mortality, 
were also examined, The study, carried out with the 
co-operation of the Procurator-Fiscal, was divided 
into several parts—a review of maternity and infant 
case records, an interview with the parents, and 
correlation with necropsy findings. The 77 deaths 
could be classified into three groups: 38 determined 
at the time of birth (‘late perinatal’ deaths); 3 
caused by accident or known illness; and 36 
presenting as cot deaths (sudden infant death 
syndrome). There were 13339 live births, giving a 
post-perinatal infant mortality rate of 5-8 per 1000 
live births from a total infant mortality of 13:3. 
Those post-perinatal deaths determined by pre- 
maturity or developmental abnormality were 
analysed together with the perinatal deaths for the 
area to give a more accurate record of total 
‘perinatally determined’ mortality than had been 
possible previously. 


Renal dialysis and transplantation in childhood—7 
years’ experience. A V Murphy, C S Nelson, and 
J McDonald. Royal Hospital for Sick Children, 
Glasgow. 


In 1972 facilities became available at the Royal 
Hospital for Sick Children, Glasgow for the treat- 
ment of children with end-stage renal disease, and 
28 patients (13 girls and 15 boys) have been treated. 
Their age range was from 3 to 15 years. 16 (5792) 
had been referred from other centres. Initial treat- 
ment in 25 was by intermittent haemodialysis, 12 
families being subsequently successfully trained for 
home haemodialysis. One patient was treated by 


intermittent peritoneal dialysis, and 2 by continuous 
ambulatory peritoneal dialysis (CAPD). Seven 
transplants had been performed, 2 from live donors. 
Of the 28 patients taken on since the start of the 
programme, 7 were being managed on home 
haemodialysis, 6 on hospital haemodialysis, and 2 
on CAPD; 3 had functioning renal transplants. 
Four had been transferred to other units, and 6 had 
died. Of 17 school-age patients, 13 were ‘attending 
school with attendance records above 70%, 2 had 
poor attendance records, arfd 2 were attending an 
adolescent guidance centre. 


Gluten challenge in coeliac disease in the west of 
Scotland. R B Thomson, J F B Dossetor. and 
A A M Gibson. Royal Hospital for Sick, Children, 
Glasgow. | 

A gluten challenge was given to 36 children taking a 
gluten-free diet since early childhood. A presumptive 
diagnosis of coeliac disease had been made on 
evidence which, in 33 cases, included a single 
histological examination of the jejunal mucosa. 
Before the challenge it was established that the 
jejunal mucosal architecture was normal on gluten- 
free diet. Each patient then ate at least 5 g gluten 
daily for a period of between 6 months and 2 years 
before a repeat jejunal biopsy was performed. The 
mean age of onset of challenge was 13-1 years. 
Histological relapse has occurred in '22 (61%) 
patients. Only 3 of these complained of symptoms, 
and only 5 gained weight poorly during challenge. 
None of the 5 patients whose original diagnosis of 
coeliac disease was based on doubtful histological 
evidence (partial villous atrophy) has yet relapsed. 
14 (3992) patients did not relapse, but only 2 of these 
had been assessed histologically after 2 years on a 
gluten-containing diet, Repeat histology after 2 years 
on the other 12 patients is awaited before a comment 
can be made on the value of routine gluten challenge 
in this population. 


i 


Benign familial stiff baby syndrome. J B P Stephenson. 
Royal Hospital for Sick Children, Glasgow. 


Extreme rigidity in the newborn suggests serious 
central nervous system dysfunction. À new condition 
inherited as an autosomal dominant was described in 
which stiffness at birth disappears during infancy 


907 


908 Scottish Paediatric Society 


without sequelae. One family is known with 6 
affected individuals out of the 10 members of two 
generations, Three had been admitted as neonates, 
each to a different special care baby nursery. All had 
a stiff trunk and limbs with back arching and 
adducted hips, suggesting tetraplegia. All had been 
sufficiently irritable to be given sedation; shaking 
episodes in one had first been presumed to be 
epileptic seizures. Improvement had occurred 
throughout the first months of life. Rigidity on 
handling persisted longer than stiffness and abnormal 
posture at rest but, examined at 2 years of age, the 


children appeared to be normal. This syndrome 
resembles benign familial neonatal convulsions in 
five characteristics—namely autosomal dominant in- 
heritance, neonatal presentation, resemblance to 
serious neurological disease, improvement over 
months, and complete recovery. In both conditions 
there is evidence of uncontrolled central nervous 
system excitation, and the suggestion 1s that delayed 
maturation of an inhibitory neuro-transmitter 
system may be responsible. Irrespective of the 
mechanism of its production, recognition of the 
disorder allows a confident prognosis. 


British Paediatric Association 


Annual meetings 


1981 7-11 April York University 
1982 20-24 April Aviemore Centre, Scotland 
1983 12-16 April York University 
1984 10-14 April York University 
1985 16-20 April York University 


Archives of Disease in Childhood, 1980, 55, 909—91] 
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Growth hormone treatment increases 
the predicted adult height 


Sir, 

In 1979 Hamilton! suggested that the luteinising hormone 
that contaminates growth hormone used in this country 
(hGH(UK)) might lead to accelerated bony maturation 
and stunting of adult height in treated patients. His paper 
has stimulated examination of the results of treatment of 
growth hormone-deficient patients at other centres 1n the 
UK. The paper by Milner et al.! in which is analysed the 
progress of patients, mainly from the Great Ormond 
Street growth clinic, is reassuring. The results of treatment 
with hGH (UK) of growth hormone-deficient patients ın 
Newcastle upon Tyne, which were not included in the 
paper by Milner et al., support their findings. 

To assess the effect of growth hormone treatment in 
patients whose ages and duration of treatment vary 
greatly we calculated the difference between the predicted 
adult height at the beginning of treatment and at the 
present time. The Tanner method of predicting adult 
height? takes into account not only age and height, but 
also bone age. As the formula was designed for use in 
normal children and as the growth velocity of children 
with growth hormone deficiency is low, the calculation 
will overestimate the predicted adult height at the start of 
treatment. Therefore any gain in adult height during 
treatment indicates a good response to treatment. The 
results of these calculations in all the growth hormone- 
deficient patients treated ın our clinic since 1967 are 
shown in the Table. 

Idiopathic growth hormone deficiency includes patients 
with associated gonadotrophin, antidiuretic hormone, 
and TSH deficiency; partial growth hormone deficiency is 
defined as a maximum growth hormone level of between 
10 and 20 mU/I during an insulin tolerance test; organic 
panhypopituitarism includes patients with cranio- 
pharyngioma, glioma, astrocytoma, pinealoma, eosino- 
philic granuloma, and diffuse severe cerebral damage. 

The gain in predicted adult height was not related to the 
growth hormone level during a diagnostic insulin tolerance 
test nor was it related to height at diagnosis, but ıt did 


. subjects in UCH it is 64.35-90.95 77.1 


have a significant negative correlation with age at the start 
of treatment (r = —0-25, P = 0-05). All patients who 
started treatment before age 10 years showed a gain in 
predicted adult height; the few whose predicted adult 
height decreased slightly with treatment were, all over 
age 10 years at the start of treatment. These findings 
confirm the beneficial effect of treatment with hGH (UK) 
and indicate the importance of early diagnosis and 
treatment. 
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J M PARKIN AND Pi MORRELL 
Children's Department, 
Royal Victoria Infirmary, 
Queen Victoria Road, 
Newcastle upon Tyne NEI 4LP 


Conservative care of the newborn baby 


Sir, i 
We do not wish to enter the discussions about the merits 
of intensive or conservative care of the newborn, or about 
the criticism of the sampling techniques used by Hughes- 
Davies, but to discuss the use of statistics by Pearson.! 
Pearson correctly emphasises that when considering 
two small samples, only a large difference between 
mortality rates would be statistically significant. The 95% 
confidence limit for 16 deaths out of 21 subjects in 
Salisbury is 52-83-91 -78% and for 32 deaths out of 40 
Pearson accepts 
this variation for Salisbury but not for UCH when he 
constructs his hypothetical 2 x 2 contingency tables. He 


Table Results for growth hormone-deficient patients treated at Newcastle upon Tyne 


Idiopathic growth Partial growth Organic 
hormone deficiency hormone deficiency panhypopitultarism 
(n—28) (8) (n—19) 
Age at start of treatment (ycars) Mean 11-2 11 4 12:3 i 
Range (3-4-18-5) (7 516.5) (3:1-20 2) l 
Height at szart of treatment Mean —4 3 —3.7 —3.0 
(SD from mean) Range  (—2 8- —7.5) (—2 4- —5.0) (—0.3— —5-0) 
Duration of treatment (years) Mean 3.5 2:3 2-9 l 
Range (0-5-10. 1) (0.5-9.9) (0-5-9 -0) 
Gain in predicted adult height Mean +6-0 2-0 $321 | 
(cm) SD (5.8) (42 8) (49-1) | 
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Table Comparison of different possible levels of 
mortality at UCH with the observed mortality at Salisbury 





Lrved Died Total 

Hypothetical mortality of 47 5% 

Salisbury 5 16 21 

UCH 21 19 40 
x2 = 3:536, P>0-05 
Hypothetical mortality of 95% 

Salisbury 5 16 2l 

UCH 2 38 40 


x2 = 3:123, P>0 05 





uses the UCH figures as an absolute standard but if the 
Salisbury figures are held constant (as in our Table) there 
is no significant difference by the x? test using Yates's 
correction (as Pearson did) between 19 deaths (47-57; 
mortality) and 38 deathsy95 % mortality) at UCH. 

No amount of mathematical manipulation will alter 
the fact that there is no statistically significant difference 
in mortality between Salisbury and UCH on the 
quoted figures. We therefore cannot accept Pearson's 
conclusion that the small size of the Salisbury sample 
alone makes comparative merits of the methods of care 
impossible from the data supplied. A controlled trial, 
preferably one that includes morbidity as well as mortality, 
is the only way to see which method of care is preferable 
statistically. 
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DAVID BURMAN 

Bristol Royal Hospital for Sick Children, 
St Michael's Hill, 

Bristol BS2 8BJ 


AUDREY MORRIS 
Department of Community Medicine, 
University of Bristol 


Dr Pearson comments: 


The use of the UCH figures as a standard with which to 
compare the results of neonatal care at Salisbury was not 
my idea but that of Dr Hughes-Davies. I tried to suggest 
that this comparison is invalid if such small numbers are 
involved. Dr Burman and Dr Morris appear to be agreeing 
with this conclusion. Had the UCH team compared their 
results with those obtained at Salisbury and drawn 
conclusions from such a comparison, the approach 
adopted by Burman and Morris would have shown the 
inaccuracies inherent 1n such conclusions in exactly the 
same way. 


R. C A PEARSON 

University of Oxford, 
Department of Human Anatomy, 
South Parks Road, 

Oxford OXI 3QX 


Allergic bronchopulmonary 
aspergillosis 


SIT, 

Brueton ef al. reported the occurrence of 7 cases of 
allergic bronchopulmonary aspergillosis in patients with 
cystic fibrosis (CF). in a short period of time, for which 
they could find no explanation; they also mentioned that 
asthmatic symptoms are common in patients with CF.* 
When we noted that Aspergillus fumigatus was being 
isolated more often at this hospital we did not know 
whether this reflected improved microbiology techniques 
or a genuine increase. Investigation of possible reasons 
included an examination of nebulisers, as many patients 
with CF receive nebulised drugs. 

One machine showed a collection of fluff on the air 
intake grill. Tests showed that the machine discharged 
large numbers of A. fumigatus from the air supply to the 
nebuliser, and positive cultures for A. fumigatus were 
obtained too from fluff taken from within the casing, the 
inlet filter, and from both sides of the outlet filter. We feel 
that the design of this particular machine is unsatisfactory 
because of the siting of the air inlet. 

Brueton et al. commented that the timing of symptoms 
correlated with seasons previously reported to have a high 
atmospheric count of aspergilli. The discharge of spores 
from the nebuliser must be presumed to act in a similar 
manner. Also, they questioned whether the increased 
incidence of atopy might reflect some aspect of treatment. 
We have no evidence that nebulisers initiate. allergic 
bronchopulmonary aspergillosis but they must exacerbate 
the problem. Our machine was one of 2 machines used by 
inpatients with CF. Although we examined the second 
machine, and a number of others of different designs, we 
did not find A. fumigatus. However, it was noticed that 
the nebuliser into which the drug 1s placed is sometimes 
inadequately cleaned in machines used in the home. It 1s 
possible that aspergilli, and perhaps certain bacteria, are 
unwittingly being nebulised into patients. We feel that 
further studies are needed to determine the extent of this 
problem. 
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R H GEORGE AND A P GILLETT 
Department of Microbiology, 
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Professor Anderson comments: 


I thank Dr George and Dr Gillett for their letter on their 
findings concerning inhalation machines and the presence 
of Aspergillus fumigatus; we asked them to make such a 


study after we found a group of patients with allergic 
bronchopulmonary aspergillosis. Fortunately the 
machines used at home by our patients who have inter- 
mittent inhalations did not emit Aspergillus sp. although a 
new model which had been acquired for use in the ward 
was found to do so; this has now been modified by the 
addition of a filter. None of the patients reported in our 
paper had used this model before presenting with allergic 
aspergillosis, in fact only 2 had ever used it. In our paper 
we did not mention the use of inhalation machines as a 
possible source of inhaled aspergillus because we had no 
incriminating data on these machines. 

Obviously, this is something that should be borne in 
mund, as, too, should be the cleanliness of the nebulisers. 
For 25 years I have found intermittent inhalations useful, 
and only recently have I encountered so many instances of 
allergic aspergillosis complicating CF. Many workers are 
finding that a very high percentage of CF patients become 
skin-test positive to Aspergillus sp. and also show 
precipitins in their sera. More than 70% of our patients 
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over the age of 5 show such findings, and there are 
similar reports from Ireland and England. Not all such 
patients are treated with. intermittent inhalation and 
neither in fact are all of ours. Apparently the development 
of such sensitivity to A. fumigatus is a complication of 
CF and as this seems to be a recent phenomenon, 
although we cannot be sure, we must consider both 
environmental factors and secondary effects of treatment. 
At present we cannot blame the inhalation machines 
but I think that they should be tested regularly. : 

I should like to point out the following errors in the 
description of the radiographs in our paper. Page 351 
Fig. 3b (Case 4) should read Tomogiaphy (antero- 
posterior) . . . and line 17 should read, Linear tomo- 
graphy showed... 


CHARLOTTE M ERSON 
° Old Chapel House, 
Stanton, Broadway, 
Worcs WRI2 7ME 


ook reviews 


rent Pediatric Therapy, ninth edition. 
S S Gellis and B M Kagan. (Pp. 793; 
strated + tables. £21-50 hardback.) 
nders: Philadelphia. 1980. 


lis and Kagan have again compiled a 
ful book. The scope is wide, with 354 
1ons divided into 24 chapters written 
304 contributors. It ıs a great tribute to 
notable non American authors to have 
uded Sheila Sherlock on portal 
iertension and chronic active hepatitis, 
| the Jelliffes on breast feeding. 
n a brief and disarming preface the 
‘ors remind the reader that inside the 
k cover is a prepaid card on which he is 
ited to suggest additions or emenda- 
1s to subsequent volumes. 
\Ithough the book is listed as 
istrated’ there is only one black and 
te drawing, albeit a useful one, on 
iniques for aspirating joints, but there 
a number of tables. The text is 
idensed but, on the whole, it is 
prisingly readable. One gets a certain 
ing of breathlessness when the author 
‘mpts to capture the treatment of 
tein calorie malnutrition in 14 pages, 
1 obesity, tracheo-oesophageal fistula, 
1 brain tumours each in 2 pages. There 
1 reasonable balance between organic 
1 functional disorders. Constipation 


and soiling are dealt with in 4 pages, and 
ileostomy in 2. The section on recurrent 
abdominal pain is good. Surgical as well 
as medical conditions are considered 
although, for example, there 1s no entry 
under appendicitis. 

Is there any advantage in a textbook of 
treatment? There are excellent sections on 
treatment in general paediatric textbooks 
and comparing the relevant sections in 
this book with Forfar and Arneil's or 
Nelson's Textbooks of paediatrics, there 
seems little to choose However, Current 
pediatric therapy is up to date, compre- 
hensive, and good value. 

L JH ARTHUR 


Current Paediatric Cardiology. By E A 
Shinebourne and R H Anderson. (Pp. 282; 
illustrated + tables. £12 50 hardback ) 
Oxford University Press: Oxford. 1980. 


A quick glance through the pages of this 
book with its beautifully produced 
illustrations and excellent drawings and 
diagrams may suggest that ıt is a small, 
complete, modern textbook of paediatric 
cardiology. In fact, it can be described 
best as a collection of short articles or 
lectures on the subject. This is not to 
decry the quality of the lectures, which is 


first-rate, but to give the reader an idea of 
what to expect. 

The book is divided into two main 
parts. Part I 1s devoted to basic considera- 
tions, from which might be selected for 
special mention the sections on 
nomenclature, history and physical 
examination, various aspects of investiga- 
tion (including a helpful chapter on 
echocardiography), and the clear concise 
chapter on embryogenesis ‘of the normal 
heart. Part II consists of specific conditions 
and their management. There is a third 
part which hardly seems necessary since it 
contains only 2 chapters, both of which 
could have been placed'in the other 
sections. There is a useful appendix of 
paediatric drug doses, andl at the end of 
each chapter there are a few appropriate 
references. The authors have taken the 
opportunity to further the claims of their 
new approach to nomenclature based on 
chamber localisation, and their clarity of 
explanation and the excellent diagrams 
have made it comprehensible and logical. 
They are to be congratulated on this and, 
indeed, on the whole format of this 
excellent book. 

Inevitably, there are faults to be found. 
‘Persistent fetal (transitional) circulation’ 
is a bad description of:the neonatal 
syndrome described under that heading: 
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the circulation cannot be fetal without the 
placenta, and in the normal transitional 
circulation blood is shunted left-to-right 
through a partially closed ductus. Though 
clumsy 'persistent fetal pulmonary hyper- 
tension’ would be a more appropriate 
title. The clinical description of the 
syndrome leaves out important signs 
which are almost pathognomonic—such 
as the weak femoral and left brachial 
pulses and, sometimes, the presence of an 
unusual differential cyanosis with relative 
pinkness confined to the face, right arm, 
and the right side of the chest. In the 
footnote on p. 36 presumably POs is an 
error for Pcos. In the chapter on ventri- 
cular septal defect there are two different 
figures given for spontaneous closure, 
over 70% (p. 138) and 60% (p. 140). 

Apart from such minor criticisms it 
is a handsomely produced book with a 
wealth of up-to-date information on 
paediatric cardiology. Paediatric cardio- 
logists may find this book too concise for 
their purposes, but the general paedia- 
"trician will find it worthwhile reading, and 
it should greatly assist those preparing for 
higher qualifications. 


RJK BROWN 


The Orthopaedic Management of Spina 
Bifida Cystica, second edition. By Malcolm 
Menelaus. (Pp. 217; illustrated + tables. 
£23.00 bardback.) Current Problems in 
Orthopaedics. Churchill Livingstone: 
Edinburgh 1980, 


The first edition of this book was produced 
in 1971 and since then a lot has happened 
in the field of spina bifida. Antenatal 
diagnosis and neonatal selection have 
resulted in a striking change in the type of 
patient presenting to the orthopaedic 
surgeon, and it has become obvious that 
many techniques of treatment have failed 
to produce the expected results. The 
second edition is timely and reflects these 
changes, and the scope of the book has 
been widened by including sections on 
embryology, genetics, antenatal diagnosis, 
the management of pressure sores, and 
anaesthetics. Consideration is also given 
to the way in which problems affecting 
other systems influence orthopaedic 
management. In these sections the author 
has been assisted by several of his 
colleagues at the Royal Children's 
Hospital and the University of Melbourne. 

Most of the book 1s devoted to the 
specific problems of orthopaedic manage- 
ment. A chapter on the causes of deformity 
and assessment is followed by what might 
be considered the core of the book—a 
section on the principles of management— 
which reflects the author's philosophy and 
aims, and his wise, humane approach to 
his handicapped patients. Each area of 
orthopaedics is covered in detail, with 
sections on the spine, hips, knees, and 
feet; special attention is given to the 
problems posed by abnormalities of skin 
sensibility and to fractures, and there are 
valuable chapters on physiotherapy and 
orthotics. 


The author draws continually on J 
own considerable experience, supp 
mented by a well-chosen survey of t 
literature, and an extensive bibliograp 
at the end arranged in alphabetical orc 
of authors' names. 

When reviewing a book it is difficult 
avoid a favourable bias if the vie 
expressed coincide almost complete 
with one’s own, but this one contains ve 
little that has not been based on a care. 
and critical examination of each proble 
It 1s refreshing to find an authority wi 
admits to having ‘changed his mind’ : 
many topics. The section on the hip mak 
this point forcefully, and overall perha 
the greatest impression this edition mal 
(compared with its predecessor) is a char» 
towards more simple procedures, mc 
carefully defined aims, and a fra 
recognition of the difficulties of this ty 
of surgery. 

The illustrations are well chosen and 
good quality, and the text is supplement 
by appendices on  anaesthetics, 
interesting, although irrelevant, one giv> 
notes for parents of spina bifida childr 
and a list of spina bifida associations. 

For anyone undertaking the ortt 
paedic management of spina  bifi 
children there is a wealth of detail he 
The bock undoubtedly reflects curr 
orthopaedic thinking in the field and cor 
well be regarded as corapulsory reading. 
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Draeger '80. 
Steps Ahead l 


To save the lives of neonates and high-risk children. 
Draeger '80 — Infant ventilators and therapeutic equipment developed 
on the foundation of more than 50 years' experience in the medical 
field. Draeger '80 — The result of a development programme to meet 
the specific needs of young patients with special equipment. 

We have extended the range of treatment options, thus increasing 
the chances of survival. 

Draeger '80 — Paediatric equipment for the 80s. 
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Neonates and high-risk children need to be given he hance to develop 


further in the protected environment of an incubator. 

Draeger '80 — The Standard Incubator 7010 allows the patient to grow under 
observation and provides a wide variety of therapeutic procedures. 

New — Incubator 7310 is basically like the 7010. Its folding side makes it 
particularly suited for carrying out simple intensive care procedures. 

Finally the Intensive care Incubator 7510 — to increase the chances of survival 
for children who are critically ill or recovering from surgery. 

All incubators are equipped with accessories for suction, infusion, phototherapy 
etc. We recommend the use of the Babylog 1 ventilator for IPPV with integral 
PEEP, CPAP and IMV. 


Draeger ’80. 
A Comprehensive Programme 
Specifically for Paediatrics 
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Intensive care Transport Incubator ITI 540 





Intensive care Transport Incubator ITI 5300 Heated cot Babytherm 4200, Babylog 2 
Draeger '80 . 

Intensive care Transport Incubator ITI 5300 with built-in power supplies to meet all 
emergencies, for example cardiac patients. This incubator is equally suitable for use 
in rescue vehicles, ambulances or helicopters. 

The ITI 5400 is a Transport Incubator for critically ill neonates and is truly a mobile 
intensive care unit with a modular ventilator and built-in accessories, for example 
Babylog 2, the time controlled ventilator for IPPV with PEEP and CPAP. The ITI 5400 
has a radiant heater, therefore no fan is needed. 

Babytherm 4200 — Heated cot, resuscitator and intensive care unit, yet not an incubator. 
A versatile and infinitely adaptable cot for neonates and critically ill children in the 
delivery room or maternity unit. 

Finally DraegerService is second to none — our regular inspection, quick repairs on 
the spot, speedy parts service and maintenance contracts set us apart from the others. 
Get in touch with us. 


Draeger'80 - DraegerService. 
Putting Safety First in Great Britain: 


Dragerwerk AG Draeger Medical Ltd. 
P.O. Box 1339, D-2400 Lübeck 1 Hertfordshire House 


Telephone (451) 882-1 Wood Lane, Hemel Hempstead, Herts. HP 2 4SU 
Telex 02 68 07 Telephone (0442) 3542, Telex 82 60 93 
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A NEUROPHYSIOLOGICAL BASIS FOR THE TREATMENT OF CEREBRAL 
PALSY, CDM 75 2nd Edition of CDM 23 


KAREL BOBATH 


This new and extensively revised edition of one of the most popular of the ‘Clinics in Developmental Medicine’ series, 
brings the original work up to date and clarifies Karel Bobath's account of the neurophysiological mechanisms underlying 
the motor disorders of cerebral palsy. This book also highlights the advantages of very early treatment of infants before 
the disordered postures and movements are established. All those involved with physically handicapped children, and 
especially therapists, will find the book invaluable reading. 


0 433 03335 5 Cased 98 pp £650 net 


THE FLOPPY INFANT, 2nd Edition, CDM 76 


Victor DuBowITz 


This second edition of The Floppy Infant is devoted to the recognition and diagnosis of the floppy infant syndrome. It 
includes a review of some of the more important causes and provides a practical approach to the assessment and 
management such children require. The text of the first edition has been completely revised, and this second edition has a 
large number of new illustrations. It remains an immensely practical handbook for the clinician. 


0 433 07902 9 Cased 158 pp £8-00 rfet 
SCIENTIFIC FOUNDATIONS OF DEVELOPMENTAL PSYCHIATRY 


Edited by MicHAEL RUTTER 


A team of worldwide experts chosen because of their ability to make a bridge between empirical studies of normal 
development and clinical issues, discuss aspects of development with a focus on the meaning of and the reasons for 
departures from the normal. The result is a lively and readable account of scientific ideas and empirical findings for 
psychiatrists, clinical psychologists, paediatricians and psychiatric workers. 


0 433 28989 9 Cased 408 pp £30-09 net 


William Heinemann Medical Books Ltd e 
23 Bedford Square, London WC1B 3HH 


BRITISH COUNCIL MEDICAL COURSES 


CHILD DEVELOPMENT 


14-26 JUNE 1981 IN LONDON 


This course will provide information about the methods currently available in Britain for 
studying and evaluating child development, and in doing so will review the characteristics 
of child development. The Director of Studies will be Professor Kenneth S Holt, Head of 
the Department of Developmental Paediatrics, Institute of Child Health, University of 
London. Working sessions will take place at the Wolfson Centre which includes the academic 
Department of Development Paediatrics of the Institute of Child Health concerned with 
teaching and research. A clinical section provides an assessment service for handicapped 
children. In addition to lectures and discussions there will be practical demonstrations and 
visits to nurseries and schools. This course is intended for paediatricians responsible for 
teaching about child development and for the evaluation and management of normal and 
abnormal children. 


There are vacancies for 20 members 
Fee including demi-pension accommodation — £575 
Applications must be received in London by 1 February 1981 


Further information and application forms may be obtained from local overseas Repre- 
sentatives of the British Council or from the Director, The British Council, 65 Davies 
Street, London, W1Y 2AA, Britain. 
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Annotations 


Screening for congenital hypothyroidism 


In 1977 one of us (DBG) was co-author of an 
annotation in the Archives on early detection of 
congenital hypothyroidism.! At that time it was 
already clear that screening of the newborn was 
generally feasible although there was still controversy 
about the most effective method. While it was 
generally accepted that the outlook for intelligence 
was better in hypothyroid children who started 
treatment soon after birth, there was almost no 
direct evidence on the value of screening in preventing 
later neurological and psychological handicap. We 
wish to reconsider these points in the light of recent 
experience. 

During the last 4 years population screening for 
congenital hypothyroidism has gained momentum in 
Europe, North America, Australia, and Japan. Most 
European countries have introduced regional or 
national screening programmes and by 1979 the 
Newborn Committee of the European Thyroid 
Association was able to report the results in nearly 
half a million infants.? In this country the DHSS is 
still considering the question of hypothyroid 
screening, but may soon recommend its introduction 
and funding on a regional basis, a decision which has 
already been taken in several parts of the country as a 
research or service commitment. The administrative 
and financial advantages of using the specimens 
already collected for phenylketonuria screening are 
considerable but in some areas the addition of 
hypothyroid screening would require reorganisation 
of the existing phenylketonuria programmes on to a 
regional basis because of the capital cost of the 
equipment necessary for radioimmunoassay. 

There is now general agreement that screening by 
thyroxine (T4) assay alone results in lower detection 
rates and a higher incidence of borderline and false- 
positive results. Thyrotrophin (TSH) assay cannot 
identify rare cases of secondary hypothyroidism but 
has the great advantage of a very low recall rate for 
repeat tests (about 1:1000) with few borderline 
values and no false-positives due to thyroxine- 
binding globulin deficiency. The choice thus lies 
between using TSH assay alone, or a primary T4 
assay with TSH determination on specimens with 
low T4 values. Europe and Japan have generally 
chosen the former while many of the North 
American programmes use the combined method. In 


the UK both methods are being used and it is clear 
that provided relatively high cut-off T4 values are 
used for subsequent TSH assay? most cases will be 
diagnosed by either method. However, it is unlikely 
that the risk of laboratory or clerical errors can 
ever be eliminated entirely, and in suspicious cases 
the diagnosis should not be discounted because the 
screening results were negative. In positive cases, the 
diagnosis must be confirmed by repeat tests (serum 
T4 and TSH, x-ray of knee for bone age, etc.) but 
this should not be allowed to delay treatment; if 
symptoms suggesting hypothyroidism are already 
present, treatment can be started as soon as the 
appropriate blood samples have been taken. 
Temporary withdrawal of treatment at a later date 
will clarify the situation in borderline cases, and will 
also identify those with transient hypothyroidism. 

Some interesting aspects of congenital hypo- 
thyroidism have come to light as a result of 
population screening. The incidence in north London 
(1:3360)! is close to that found in other TSH 
screening programmes,? and is considerably higher 
than that in retrospective studies from Holland 
(1:6300), and Sweden (1:6900).? This discrepancy 
may not be fully explained by mild cases presenting 
later as ‘juvenile hypothyroidism’ and it is possible 
that some children with persistent increases in TSH 
previously escaped detection. When assessing the 
results of screening programmes, allowance must be 
made for these mild cases with large ectopic glands or 
partial defects of thyroxine biosynthesis who may 
have done well even if treatment had been long 
delayed. 

It has also become apparent that many sick 
premature infants have depressed serum T4 levels, 
sometimes associated with transient increase in 
TSH.® It is not yet clear whether this should be 
regarded as a pathological state requiring treatment 
or as a physiological adaptation to stress. We have 
encountered transient and unexplained increases in 
TSH in a few apparently healthy term babies, and 
transient neonatal hypothyroidism has also been 
described with excessive iodine uptake after feto- 
graphy or even through the skin.? 

Our experience with screening has convinced us 
that the clinical features of congenital hypothy- 
roidism may be very difficult to recognise in the first 
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month of life. While about three-quarters of our 
patients had symptoms—such as, feeding difficulties, 
lethargy, constipation, or prolonged jaundice—often 
these were not recognised as being abnormal, even by 
the parents. In only 2 (627) out of 36 cases was the 
diagnosis made before the screening results became 
available. We do not believe that increased awareness 
of the early symptoms of hypothyroidism with 
selective investigation of suspected cases can provide 
an effective alternative to population screening. 

The preliminary results of follow-up in cases 
detected by screening are very encouraging: 20 
infants diagnosed in Quebec had normal psycho- 
logical and neuromuscular development on the 
Griffiths's scale at 18 months of age? In our own 
series, 15 out of 17 patients reviewed at one year had 
normal Griffiths's quotients (mean 102-8): the two 
exceptions were a child who also had cerebral 
gigantism, and a child born to a mother of subnormal 
intelligence. Whether the majority of these children 
will escape significant neurological or intellectual 
deficits in later life remains to be seen, particularly 
as there is evidence that some hypothyroid 
children treated before age 6 weeks have signs of 
‘minimal brain dysfunction’ at later assessment.!9-!! 
Continued careful assessment of cases both at the 
time of diagnosis and in later childhood will be 
essential in order to evaluate the benefits of early 
treatment and to determine whether even 1 or 2 
weeks' delay in starting treatment has a significant 
effect on prognosis. There is a strong case for co- 
ordinating these initial and follow-up studies on a 
regional or national basis, perhaps in conjunction 
with the existing programme for phenylketonuria. 

While the vital question concerning the value of 
screening in improving long-term prognosis cannot 
be fully answered until sufficient index cases have 
been followed for a number of years, the present 
situation gives no grounds for complacency. One of 
of us (JAH) has recently completed a survey of 
children with congenital hypothyroidism born 
between 1963 and 1977 in London and the 
surrounding area. Of the 112 children of school age, 
28 (25%) had IQs below 70, and 32 (29%) were 
attending special schools; a further 23 of those at 
normal schools required remedial teaching. In those 
treated before age 1 year there was an inverse 
relationship between IQ and the age of starting 


treatment: the 6 children treated before 6 weeks all 
had a normal IQ and attended normal schools. There 
was no significant improvement in the mean age of 
diagnosis between 1963 and 1977, and only 42 (32%) 
of the 132 children had been diagnosed by 3 months 
of age. These results, which are similar to those in 
previous studies,?-!1? add further weight to the 
argument that widespread screening should be 
introduced without delay. 
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Vaccination against pneumococcal disease 


The 1920s and 1930s were productive times for 
research on pneumococcal disease. It was shown, 
in experimental animals and in man, that specific 
capsular polysaccharide could elicit an antibody 
response, and that the antibody so produced was 
protective, probably by reason of increased opsonic 
activity against the homologous strain. All this work 
culminated in the production of type-specific anti- 
sera and, later, in the development of polyvalent 
pneumococcal vaccines which were licensed for use 
in the USA just after the end of the second world 
war. But by this time sulphonamides and penicillin 
had come into general use and interest in pneumococ- 
cal vaccines lapsed until later experience, notably the 
painstaking work of Robert Austrian, showed that 
pneumococcal pneumonia and bacteraemia re- 
mained an important cause of illness, with a high 
fatality rate. The apparently insuperable problem of 
multiple serotypes and type-specific immunity was 
made manageable when it was found that 82 Fy OL 
bacteraemic pneumococcal infections in the USA 
were caused by 14 of the 83 known pneumococcal 
serotypes. Some new vaccines have been prepared, 
and one of them (Pneumovax, MSD) containing 
capsular polysaccharide from these 14 prevalent 
serotypes, has now been licensed for use in the UK. 
The vaccine contains 50 ug of capsular polysac- 
charide of each of the 14 serotypes and is unusual 
in being a chemically defined product without other 
pharmacologically active components. Antibody 
responses vary between the types but they are 
generally satisfactory in adults, and significant 
protective efficacy has been shown in several popu- 
lations—notably in South African miners and an 
adult population in the highlands of Papua New 
Guinea.’ Reactions are generally mild—tender- 
ness and induration at the injection site, and fever 
in some recipients. 

The possible role of pneumococcal vaccine in 
Britain is now under careful scrutiny. For adults, 
the most obvious target groups would be those for 
whom influenza vaccination is now recommended, 
notably those with chronic chest or heart disease, 
and it is reassuring that antibody response to either 
pneumococcal or influenza vaccine was not notably 
reduced by their simultaneous administration.? The 
chief difficulty in planning such a programme is, 
oddly enough, lack of up-to-date information about 
the prevalence of pneumococci and their serotype 
distribution in exacerbations of bronchitis. 


How important is pneumococcal infection in 
childhood? Pneumococcal pneumonia is now rare 
in previously healthy children in wealthy countries. 
Its incidence in poorer communities is largely 
unknown but, where lung puncture studies have been 
done, as in west Africa,!^ the pneumococcus is still 
shown as the dominant pathogen. Pneumococcal 
meningitis has its main impact in the first year of 
life, ranking 3rd in order of frequency in most 
countries as a cause of bactegial meningitis in child- 
hood. No information is available about the current 
causes of otitis media in British children but, in 
countries where myringotomy is practised, Strepto- 
coccus pneumoniae accounts for about one-quarter 
of the cases. Some evidence of protection by 
pneumococcal vaccine in otitis media of childhood 
has been obtained in a trial in Finland.4 Two groups 
of subjects are particularly susceptible to pneumo- 
coccal infection—those with sickle cell disease, and 
patients without spleens. Dickerman? has sum- 
marised the risks of bacterial sepsis in splenectomised 
patients, whether by surgery or disease, emphasising 
that sepsis, especially pneumococcal sepsis, may 
overcome these patients with catastrophic speed. 
The risk of pneumococcal infection in other forms of 
immune suppression varies with the disease. Marshall 
and Bamforth® point out that these infections are 
rare in leukaemia, do not seem to affect diabetic 
children, are now (in contrast with former times) 
rare in nephrotic syndrome, and do not seem to 
contribute greatly to the problem of pulmonary 
infection in cystic fibrosis. 

Prevention of a sizeable proportion of otitis 
media, one important cause of meningitis, some 
pneumonias, and the commonest cause of life- 
threatening sepsis in children with sickle cell disease, 
or in children without a spleen for some other reason, 
is an attractive prospect indeed. But several difficul- 
ties remain. Antibody response, as with several other 
bacterial polysaccharide vaccines, is notably poor in 
children under age 2; even in older children the need 
and timing of revaccination is still uncertain, and 
revaccination can be accompanied by severe 
Arthus-like focal reactions." The poor antibody 
response in infancy is still a serious disadvantage. 
Jacobs et al., in a study of pneumococcal bacter- 
aemia in Chicago, found that 80% of their patients 
with pneumococcal meningitis were less than | -year 
old. Sickle cell children may gain more since they 
often develop severe pneumococcal infection after 
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infancy, and Ammann ef al? obtained significant 
protection against pneumococcal infection in sickle 
cell and other hyposplenic children using an octa- 
valent vaccine. Vaccination. does not however, 
substitute for penicillin prophylaxis if this is 
indicated, since infection may be caused by a non- 
vaccine serotype or by a vaccine strain against 
which the patient has failed to mount an antibody 
response. Children have died in either of these 
circumstances.!97!! There is still lack of evidence 
about the responses to vaccination in various forms 
of immune suppression, so the degree of pro- 
tection in such groups is therefore uncertain. It 
seems, for example, that pneumococcal opsonic 
activity after vaccination is less in splenectomised 
children than in normal controls.!? 

Finally, the distribution of serotypes in pneumo- 
coccal infections, which determines the potential 
value of a vaccine, differs with location, age 
group, and type of infection, and needs to be 
more fully established for infections of childhood 
in Britain. 

The production of a safe purified polyvalent 
vaccine against pneumococcal disease is a magnifi- 
cent achievement, but its exact value and role in 
childhood infection have yet to be established. The 
population of children with sickle cell disease, those 
who lack spleens, and those with certain forms of 
immune suppression stand to gain most at present, 
and the prospective trial of pneumococcal vaccine 
for asplenic patients now being mounted should 
help in defining the indications for its use. A trial 
to determine if pneumococcal vaccine is effective in 
preventing serious pneumococcal infections in 
patients without spleens and to compare its value 
with that of prophylactic penicillin is in progress.* * 

The importance of pneumococcal infection in 
childhood has been abundantly confirmed in recent 
years. The emergence of penicillin resistance in 
pneumococci!® makes urgent the need to resolve 
the problems of improving antibody response in 
infancy and of defining the proper use of this 
important vaccine. 


*Trial is being organised by Dr Richard Mayon-White, 
Public Health Laboratory, John Radcliffe Hospital, 
Headington, Oxford OX3 9DU. 
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An objective undergraduate clinical examination 


in child health 


TONY WATERSTON, JOHN I CATER, AND ROSS G MITCHELL 


Department of Child Health, University of Dundee 


SUMMARY A new type of test used to examine medical 


students’ clinical skills in paediatrics is 


described. Each student has to circulate round a number of timed stations. At each one he performs 


a specified clinical procedure—such as history 


taking, 
radiological interpretation—and is marked according 
objective and can be extended to cover different aspects 


physical examination, urine analysis, and 
to his performance. This type of test is 
of clinical methods; it readily informs the 


student about his progress, and enables the teacher to look critically at his own technique. 


‘In the long run, the type of evaluation device used 
determines . . . the type of learning activity in which 
students will engage . . .".! Put more directly, students 
learn best the subjects they expect to be examined on. 
Yet much of what clinical teachers want students to 
learn is not reliably tested. For example, their abilities 
to take a history and elicit physical signs are often 
only cursorily assessed, while such procedures as 
urine microscopy and the analysis of biochemical 
data tend not to appear in clinical examinations. In 
addition, many students dislike the standard formal 
clinical examination which places them in a most 
unnatural situation with a patient and provokes 
considerable anxiety. The view is increasingly being 
advanced that this type of examination, in which the 
examiner conducts the student round a number of 
patients and at the end gives him a single mark or 
grading for his total performance, is too subjective 
and tests only a limited part of the student's 
repertoire. A common criticism of junior doctors 
today is that they lack empathy and rapport, pay 
insufficient attention to accurate history taking, and 
are incompetent at carrying out simple side-room 
tests. These are all aspects of clinical ability which 
are inadequately assessed in the traditional examina- 
tion. 

It was for these reasons that the objective 
structured clinical examination (OSCE) was 
introduced in 1975? and was adapted by us for use in 
child health. 

During their final year at Dundee, medical 
students in groups of 16 to 20 spend about 8 weeks 
studying child health, both in the wards at Ninewells 
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Hospital and Perth Royal Infirmary and in the 
community, where they attend child health clinics, 
the area child development centre, schools for the 
handicapped, and other institutions. At the end of 
this period they undergo an 'end-of-block' clinical 
examination, the mark for which contributes 
greatly to the total in the Final Examination in 
Child Health. Previously, this ‘end-of-block’ assess- 
ment was a traditional form of clinical examination 
but it now takes the form of an OSCE. 


Objective structured clinical examination 


Each student spends 4 minutes at each of 20 ‘stations’ 
arranged in a circular fashion around a paediatric 
ward. Some of the stations are cubicles occupied by 
patients, others are desks at which the student 
analyses data of various kinds and answers a 
multiple choice (MCQ) or short answer question. 
Half the group starts at zero time; 4 minutes later, 
when these students have moved to the next station. 
the remainder occupy their positions, so that all 
stations are filled. The pattern of stations at a recent 
examination is shown in Fig. 1. 

A bell signifies the end of each 4-minute period and 
the student then moves to the next station. An 
examiner with a ‘check-list’ sits with the patient or 
parent at stations marked with an asterisk and 
Observes the student’s technique but generally does 
not intervene in the dialogue. Each ‘examination 
Station’ is succeeded by a ‘question station’ where the 
student answers questions on his findings. Figs 2 and 
3 illustrate the check list and questions for a history- 
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taking station—'take a history from this mother 
whose child has just been admitted with a con- 
vulsion.’ Figs 4 and 5 illustrate the check list and 
questions for an examination station—‘examine the 
cardiovascular system of this child.’ 


E ——————— 


OSCE 

4 minutes per station 

7 minutes for history taking 
2 rest stations 


Answer MCQs on answer sheets 
Short answer questions (under 10 words each) on paper 
provided 














Station Procedure 

1A* Mrs McGhee 

(half class) Take a history from this mother whose 
child was admitted with a possible 
convulsion 

1 B* Mrs Cook 

(half class) Take a history from this mother whose 
infant was admitted with vomiting 

2A Questions on 1A 

2B Questions on 1B 

j" Examine the respiratory system of this 
child 

4 Questions on 3 

>" Examine the cardiovascular system of 
this child 

6 Questions on 5 

T Perform a routine newborn examination 
on this infant 

8 Question on 7 

9 Examine the specimen of urine 
provided 

10 Questions on urine 

11 Rest 

12 Examine the lab report (which relates 
to station 9) and answer the questions 

13 Examine the x-ray and answer the 
questions 

14 Examine the slide 

15 Examine the CSF report and answer 
the questions 

16 Examine the x-ray and answer the 
questions 

17 Examine the slides and answer the 
questions 

18 Examine the haematology report and 
answer the questions 

19 Answer the questions relating to the 
problem given 

20 Rest 


ei a LL 


* Examiner with check list. 


Fig. 1 Pattern of stations at a recent examination. 


/ 
Advantages of this examination. As its name implies, 
objectivity is probably the main advantage that this 


examination has over its predecessors but there are 
several others. 


Objectivity 

A standardised technique of marking is used and this 
is planned in advance. The items of clinical technique 
which are thought to be most important are included 
on the check list which the examiner completes for 
each student. Both history taking and examination 
are assessed in this way and the student's findings 
established by an MCQ at the next station. 


Flexibility 

Any aspect of clinical technique may be assessed, 
from diagnostic ability to rapport and from practical 
expertise to factual knowledge. This means that 
aspects of the students' ability not previously stressed 
can be tested in a way which provides effective 
feedback to the student. In addition, any newly 
introduced topic of teaching can be separately 
assessed. 


Feedback 

A common complaint from the student after a clinical 
examination is that he *didn't know what he did 
wrong’. If he is to understand his failings and improve 
his technique, it is essential for him to learn from the 
examination and we show students the check lists 
after each OSCE and discuss individual questions. 
Any deficiencies in particular aspects of teaching— 
for example, developmental assessment, a notori- 
ously difficult subject to teach—will quickly become 
apparent and remedies can then be applied. The 
Table shows the poor performance for urine testing 
compared with history-taking and radiological 
interpretation. This clearly indicates a need to 
improve the teaching of urine analysis for this group 
of students. 


Time 
We assess 20 students in 80 minutes. Previously it 
took twice as long to examine this number. 














Table Students’ results in individual questions 
Question Marks Range (94) Mean (75) 
+1SD 
Actual Total 
(range) 
Examiner’s check list on 
history of vomiting 21-38 40 54-95 74 + 11-7 
MCQ on history of 
vomiting 2-5 5 40-100 72 + 20:1 
MCQ on urine testing 1-3 5 20—60 41 + 14-5 
MCQ on x-ray 2-5 5 40—100 74 + 15 
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Station Examiner 


(History of convulsions) 
Student's name and initials 


l. Information obtained 


SPO CSS 4990278099 Q8 9/6. & 0/2/14, $ 00 4.8 à be eee eee 


ISTIS meremtiereiei is RO MM QT A ioca (4/009 (3 ie (618 (0/08 mA WU) VIRA E m RUPTA ERSTE RR ERR PULS 


Place tick in appropriate box 
Attempted Not 








Name 
Age 
Siblings (number and age) 
FH of convulsions 
Birth history: weight 
whether asphyxia 
milestones 
Immunisation status and dates 
? Feverish before convulsion 
Duration of symptoms before convulsion 
Nature of convulsion (general /focal) 
Duration of convulsion 
Whether single or repeated 
Treatment by parents 
Treatment by doctor 
Mode of delivery 


2. Attitude to patient 


Consideration of feelings 
Attempt to establish rapport 


Total — 


Patient’s discretionary mark — 2 
Examiner's discretionary mark — 2 





Attempted 
satisfactorily (1) attempted 
(+2) (0) 
e 
Mark 
Below average 0 
Average 3 


Above average 5 


Fig.2 Example of the check list for a history-taking station. 


Station 2A 


Write short answers (under 10 words) to the following 
questions on paper provided: 


1. What condition would you diagnose from the history 
you have just heard, in order of likelihood ? 


2. What investigations (if any) would you recommend 
after admission; give reasons (maximum 3). 


3. What treatment would you recommend in future (if 
any)? 
(a) In prophylaxis 
(b) If the child becomes feverish 


————— 


Fig. 3 Example of the questions for a history-taking 
station. 


History taking. Seven minutes are allowed at this 
station, by providing two stations in parallel on the 
same ‘circuit’. A gap of 1 minute between each 
student allows discussion to take place between 
parent and examiner. This period generally appears 
to be adequate for the limited history that we seek. 
The type of case chosen is a straightforward one— 
such as a wheezy 4-year old, a vomiting infant, or a 
toddler with a febrile convulsion. Only the parent is 
present, and we have used both real and simulated 
parents for this purpose. The great advantage of 
using the latter is that it allows an acute situation to 
be simulated—such as a convulsion; this is otherwise 
difficult if not impossible to arrange. Simulated 
mothers tend to be from professional backgrounds 
and are rather more articulate than average, which 
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Student’s name and initials 


e»e6000600000000950€9099490900580080002925600999 


* 
e. 
n"-—-————————— ——S—— M!" 
Pae 
Place tick in appropriate box 

Attempted Attempted Not 

satisfactorily (+1) attempted 

(+2) (0) 


it 


Colour noted 

Pulses palpated — (R) radial 
(L) radial 

Femoral 

JVP inspected 

Fingers inspected 

Precordium palpated 

auscultated , 


Neck ? 
Axilla m 
Back ji 
Liver palpated 


Ankles checked for oedema 
Sphygmomanometer requested 


Attitude to patient 


Hands washed 
Talked to child 
Explained procedures 
Used child’s name 


Examiner’s discretionary mark 5 Total = 


saponins in 


Fig. 4 Example of the check list for an examination station. 


aniio 
This patient was a 4-year-old boy with a patent ductus 
arteriosus. Suggested answers are given in italics 
together with marks 


MM Ad. 
Write short answers to the following questions on the 
patient you have just examined. 


1. Describe your findings on auscultation. 
Grade 3/6 to-and-fro systolic and diastolic murmur, 
maximal at pulmonary area, conducted to clavicles and 
well heard also at left scapular area. (Maximum 3.) 


2. Name two possible causes for these findings with 


reasons. 
PDA 2 marks, 1 mark for VSD or ASD or other 


lesions depending on particular findings. 

3. What advice would you offer to his parents with 
respect to (a) activities he can indulge in, (b) prognosis: 
Anything he feels capable of, very good prognosis after 
surgery—that is normal life span. (Maximum 4 marks.) 


Fig. 5 Questions relating to examination of 
cardiovascular system. 


makes the student’s task easier. Though the history 
may be fictitious, the mother sticks closely to actual 
family details and, in a number of cases, the child has 
in fact suffered similar symptoms in the past. 

In addition to the check list, the mother also 
comments on each student’s performance to provide 
a ‘patient’s mark’, and additional marks are given by 
the examiner for the student’s empathy and ability to 
build a rapport. Though we realise that this is not 
easy in 7 minutes, it is a way of stressing the 
importance of addressing the child by name and 
appreciating the mother’s anxiety. Occasionally a 
mother has somewhat exceeded her role by inter- 
rogating the student, after he has completed his 
history taking, on his plans for future management. 
This indicates a further possible role for the simulated 
parent, although it is rather disconcerting for the 
student. 


Examination. Typical patients have been a child with 
cystic fibrosis or asthma (examine the chest), a child 
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with a heart murmur (examine the cardiovascular 
system), and an infant (carry out a routine newborn 
examination, or do a 6-month development screen 
on this infant). Again, an examiner with a check list 
Observes the student's technique and can intervene if 
an infant proves particularly obstreperous. It is 
important that a substitute should be available in 
case the patient tires, as is quite likely after a number 
of examinations. This is especially a problem with 
infants, but would be so whatever type of clinical 
examination is being used. A possible solution 
introduced recently is to provide two stations in 
parallel (as with history taking) and allow double 
time for a more-prolonged examination. The 
student's findings as distinct from technique cannot 
be observed at this station but are tested by questions 
at the next station. 


Questions. We have used both multiple choice and 
short answer questions but are tending to move over 
to the latter because they allow more flexibility and 
are closer to reality. Examples of contrasting forms 
of questions after a history-taking station (relating to 
a child who had a convulsion) are as follows. 


MCQ 

Which of the following statements is/are true about 

the history you have just taken: 

(1) The infant was vaccinated during the week before 
admission. 

(2) The convulsion lasted over 10 minutes. 

(3) The family doctor gave treatment at home before 
admission. 

(4) The child was noted to be unwell before the 
convulsion took place. 

(5) An elder sibling had been similarly affected in the 
past. 


Short answer 

Write short answers (maximum 10 words) to the 

following questions: 

(1) What conditions would you diagnose from the 
history, in order of likelihood ? (maximum 3). 

(2) What investigations would you recommend after 
admission ? (maximum 3). 

(3) What treatment would you recommend in future 
(if any)? (a) for prophylaxis (b) if fever occurs. 


MCQs can quickly be marked and standard mark 
sheets are used. Nonmedical staff may mark these, 
which is a great advantage. Short answer questions 
must usually be corrected by medical staff and are 
more laborious, but it is our impression that a better 
assessment of the student is obtained (marking can 
be just as objective). 


Other stations. A large variety of material has been 
used. A urine sample for chemical analysis and 
microscopical examination is always included. 
Haematuria and glycosuria are easy to mimic, 
proteinuria and pyuria slightly harder. Casts depend 
on the availability of a patient with nephritis. Slides 
or photographs are generally included (for example a 
purpuric rash, a capillary haemangioma, a battered 
baby, an infant with talipes, etc.), as are x-rays. 
Laboratory reports of various kinds, fluid balance 
charts, a prescription ‘kardex’, and a growth chart 
illustrating ‘fall off? have also been used: the 
possibilities are endless. 


Discussion 


€ 

It is difficult to compare results obtained from this 
type of clinical examination with the more traditional 
form, since each tests something rather different. 
OSCE is (or should be) a ‘criterion-referenced 
assessment', whereas the traditional clinical examina- 
tion is a ‘norm-referenced assessment’, This means 
that marks in the latter are related to the average. 
Thus in a particularly bright group, some students 
will fail even though they perform competently. The 
criterion-referenced test is related to the performance 
of specific objectives which have been set in advance. 
Hence in this type of assessment a high mark is to be 
expected if the teaching has been adequate. In the 
other kind, if marks were high then examiners 
would object: ‘too simple’, ‘badly set’. Each type of 
test has its place and the OSCE is more suited to the 
‘licensing’ examination when a clear standard must 
be reached. 

What problems have been encountered in practice 
in the use of this examination? Examinees have 
reported difficulties because of the behaviour of 
patients (particularly infants) after repeated examina- 
tion. Older children may become uncooperative and 
babies impossible; it is certainly not reasonable to 
expect an infant to permit developmental assessment 
by 20 students in succession. Examination of a 
patient sometimes has to be curtailed for these 
reasons, and the OSCE needs to be flexible enough to 
allow for substitutes. Short answer questions allow 
this more readily than MCQs. Another criticism 
has been of the check lists, which do not always cover 
those procedures which each examiner thinks 
important. This however has led to useful discussion 
on this very question: which procedures are the ones 
we must stress in teaching? In history taking, 
examiners have felt that parents may not give quite 
the same history at the end of a session as at the 
beginning, but become more practised at reproducing 
the same version unprompted. Mothers may need 
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reminding to keep their answers short and to the 
point. Examiners generally have not resented their 
less active, background role although there is still the 
temptation to intervene. The unreality of the 
interviews has been mentioned but students do not 
seem to find this a problem. More examiners are 
required in this examination than in the normal sort 
(usually 5) but all grades of staff, including house 
officers, may be used (a good educational experience 
for them). Previously 2 consultants were occupied for 
a whole morning, whereas now 3 or 4 are occupied 
for 80 minutes each. 

The preparation of the examination is extremely 
time-consuming, particularly at the beginning, as all 
the data, questions, and check lists need to be 
collated in advance apd tailored to the individual 
histories or patients. However, the time required 
becomes less and less as a ‘bank’ of material is built 
up after each OSCE. A department of medica! 
education is not essential for the exercise. Althougk 
we obtained useful advice from our department. 
the detailed setting up was carried out in the Depart- 
ment of Child Health. Efficient secretarial assistance 
in preparation and in marking Is essential. 

Students have complained about the lack of time 
for a full physical examination, particularly in the 
case of infants, and about the wording of MCQs. For 
these reasons we now allow double time for infant 
examination (by providing two stations in parallel? 


and have replaced many of the MCQs with short 
answer questions. In general, students are happy 
with most stations and do not feel rushed. Many 
prefer this type of examination to the traditional 
form. They do not find 7 minutes too short a time for 
limited history taking and many finish (or dry up) 
before the allotted time. 

From our experience with OSCE, we consider that 
it has great potential for both undergraduate and 
postgraduate assessment and that all university 
departments should consider its introduction, at 
least experimentally. 


We thank Professor R M Harden and staff for 
helpful advice and Mrs P Easton for marking most of 
the MCQs, and for statistical assistance. 
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Summer diarrhoea in African infants and children 
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I FREIMAN, B D SCHOUB, G LECATSAS, AND E HARTMAN 


Department of Microbiology, School of Pathology of the South African Institute for Medical Research and the 
University of the Witwatersrand, Johannesburg, Department of Paediatrics, Baragwanath Hospital, National 
Institute for Virology, Johannesburg, and Department of Microbiology, Institute for Pathology, University of 
Pretoria, South Africa 


SUMMARY Of 70 black South African infants and children with acute summer diarrhoea, 30 (43°) 
were infected with enteropathogenic serogroups of Escherichia coli (EPEC), 13 (19%) with entero- 
toxigenic Gram-negative bacilli, 12 (1795) with Salmonella sp., 6 (9%) with Shigella sp., and 3 
(497) with rotaviruses. 13 (19%) patients were infected simultaneously with more than one entero- 
pathogen, and no pathogen was detected in 22 (31%). In addition, 6 (15%) of 41 unselected patients 
were excreting Campylobacter fetus. Of 30 age-matched controls drawn from the same population, 
5 (17%) were infected with EPEC serotypes, and 1 each with Salmonella sp. and rotavirus. This 
study stresses the polymicrobial nature of paediatric diarrhoea in a developing community and 


shows the continued importance of EPEC in this setting. 


Gastroenteritis continues to pose a serious problem 
throughout the developing world, where, in many 
communities, diarrhoea constitutes the main cause 
of infant mortality. Repeated attacks of diarrhoea 
also aggravate the already poor nutritional status of 
underprivileged children, with a consequent height- 
ened susceptibility to infectious diseases.! 

In South Africa during 1965, the last year for 
which published figures are available, 78:8 black 
infants per 1000 live births died during the first year 
of life compared with 22:4 whites.? Approximately 
one-third of the excess mortality in black infants 
was directly attributable to gastroenteritis.? Al- 
though recent unpublished data suggest an improve- 
ment in the situation, the incidence of childhood 
diarrhoea in South Africa remains high. 

At Baragwanath Hospital, on the outskirts of 
Johannesburg, a 35-bed paediatric rehydration 
centre has been established for infants with gastro- 
enteritis (Fig. 1). Most admissions to this unit take 
place in summer at the height of the rainy season 
(Fig. 2), a finding which contrasts with the pre- 
dominance of winter diarrhoea in North Americans, 
Europeans, and southern African whites.?~° 

In this paper we report results of a comprehensive 
study into the aetiology of acute summer diarrhoea 
in infants and children admitted to Baragwanath 
Hospital. Our investigations included a search for 
enterotoxigenic bacteria and rotaviruses, as well as 
for traditional enteropathogens. Prompted by the 


recent upsurge of interest in the role of Campylo- 
bacter fetus in infantile enteritis,? we also undertook 
a pilot study of the prevalence of this bacterium in 
children with diarrhoea. 


Subjects 


Patients. These were black infants and children 
under 2 years of age admitted to Baragwanath 
Hospital for treatment of dehydration during 
December 1976 and January 1977. Parents were 
questioned regarding the current illness, medical 
history, and feeding practices. Patients with diar- 
rhoea lasting more than 10 days and those known to 
have received antibiotics for the current illness were 
excluded from the study. Each child received a 
general physical examination and was weighed. 
Nutritional status was assessed clinically and by 
reference to growth charts. Dehydration was graded 
as mild (sunken eyes or minimal skin turgor changes), 
moderate (sunken eyes and fontanelle, and poor skin 
turgor), or severe (features of moderate dehydration 
associated with clinical shock or acidosis). 


Control subjects. Controls were matched for age and 
selected from children attending the paediatric out- 
patient department at Baragwanath Hospital during 
the study period. Most of these children were suffer- 
ing from minor respiratory tract infections or 
exanthemata, and none gave a history of diarrhoea 
during the preceding 4 weeks. 
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Fig. 1 The rehydration centre at Baragwanath Hospital. 
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Fig. 2 Mean number of children admitted to the 
rehydration centre at Baragwanath Hospital each month 
from 1975 to 1977 inclusive; and the mean monthly 
temperature and rainfall in Johannesburg. 


About two-thirds of the infants and children were 
under | year of age, and 60% were boys. 


Methods 


Specimen collection. Fresh stool specimens were 
collected from patients and control subjects after 


induction with a sterile cotton swab or gloved finger. 
If this failed (as it did in 2 of 70 patients and in 23 
of 30 controls), rectal swabs were obtained. 


Laboratory procedures. Microscopical examination 
of faeces for inflammatory cells was performed by 
the method of Harris ef al.‘ Standard bacterio- 
logical procedures were used to isolate salmonellae, 
shigellae, and Escherichia coli. Cold enrichment was 
used for the isolation of Yersinia enterocolitica. 
Examination for C. fetus was performed on 41 
consecutive patients’ stools by the method reported 
elsewhere." 

Between 5 and 10 colonies of different morpho- 
logical types, comprising at least 5 lactose-fer- 
menters and up to 5 nonlactose-fermenters, were 
studied further. Each colonial type, 583 from patients 
and 281 from controls, was characterised bio- 
chemically and tested for enterotoxigenicity and 
invasiveness. E. coli, salmonella, and shigella 
isolates were serogrouped by slide agglutination with 
commercial antisera (Wellcome; Hoechst). E. coli 
which exhibited strong and rapid agglutination with 
O25:K11, O26:K60, O44:K74, O55:K59, O86:K61, 
OI11:K58, O112:B11, O114:K-, O119:K69, 
OI24:K72, 0125: K70, _O126:K71,.. OI27:K63, 
O128:K67, or OI42:K86 grouping sera were desig- 
nated ‘classical’ enteropathogenic E. coli (EPEC). 

Enterotoxin assays were performed on bacteria 
stored frozen or freeze-dried after a minimum 


number of subcultures. Bacteria were cultivated in 
casamino acid-yeast extract broth overnight at 
37°C with shaking at 180 rev/min.? Filtrates 
sterilised by Millipore filtration (0:22 um) were 
tested for ST in suckling mice,!? and for LT in Y-1 
adrenal and Chinese hamster ovary tissue cul- 
tures.! !? All assays were performed in triplicate in 
parallel with control samples of known enterotoxi- 
genicity. Positive results were confirmed by repeating 
each test with and without heating the sample to 
609C for 30 minutes. 

Bacterial invasiveness for epithelial cells was 
examined in the guinea-pig keratoconjunctivitis 
test.13 

Electron microscopical examination of stool 
samples for viruses was performed as described 
previously.!* 


Results 


A possible cause for diarrhoea was identified in 
48 (69%) of the 70 patients investigated. 35 (50%) 
yielded a single pathogen, comprising 18 non- 
enterotoxigenic EPEC, 8 enterotoxigenic Gram- 
negative bacilli (ETGNB) (including 3 EPEC 
serogroups), 5 salmonellae, 3 shigellae, and 1 
rotavirus. 13 (19%) patients showed more than one 
enteropathogen. In 9 such cases at least one patho- 
gen was an EPEC. Other mixed infections were 2 
patients with salmonellae and ETGNB, 1 with 
salmonella and rotavirus, 1 with Shigella dysenteriae 
and an ETGNB, and | with Shigella flexneri and 
haematophagous trophozoites of Entamoeba histo- 
lytica. 

Altogether EPEC were detected in 30 patients, 
ETGNB in 13, salmonellae in 12, shigellae in 6, 
rotaviruses in 3, and Ent. histolytica in 1 (Table 1). 
This analysis excludes C. fetus which was recovered 
from 6 (15%) of 41 randomly chosen patients. Two 
C. fetus isolates were obtained from patients who 
were also excreting salmonellae and EPEC. One 
isolate each was obtained from patients simul- 
taneously infected with an EPEC strain and rota- 
virus respectively ; and 2 were recovered from patients 
in whom no other pathogen was detected. 


Table 1 Distribution of enteropathogens in patients 
with diarrhoea compared with control subjects 





Patients (n— 70) Controls (n — 30) 











No (94) No (%) 

Enteropathogenic E. coli 30 (43) 5 (17) 
Enterotoxigenic Gram- 

negative bacilli 13 (19) 3 (10) 
Salmonellae 12 (17) l (3) 
Shigellae 6 (9) 0 
Rotavirus 3/68 (4) 1/7 (14) 
C. fetus 6/41 (15) Not tested 


Ent. histolytica l 
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No pathogens were detected in specimens from 
21 (710%) control subjects. Of the remainder, 8 (27 %) 
were excreting one pathogen (5 EPEC, 2 ETGNB, 
and | salmonella) and 1 (3%) was harbouring two 
pathogens (rotavirus and ETGNB) (Table 1). 
Significantly more patients with diarrhoea were 
excreting EPEC serotypes than control subjects 
(y? Yates's correction = 5-23, P<0:03). No Y. 
enterocolitica or enteroinvasive strains of E. coli 
were obtained from either the patient or control 
groups in this study. 

Of the 583 Gram-negative bacilli recovered from 
patients, E. coli accounted for 299 (51°%), of which 
28 (9%) were enterotoxigenic, 85 (28 %) agglutinated 
with EPEC antisera, and 73 (24%) autoagglutinated 
in saline and were accordingly nontypable. Control 
subjects gave 121 EF. coli isolates, of which 7 (6%) 
produced enterotoxin, 8 (7%) were EPEC serotypes, 
and 38 (31%) were nontypable. Although the 
proportion of E. coli among all Gram-negative 
bacilli identified from patients (51 %) was significantly 
greater than that from controls (43%) (y? = 5:14, 
P<0-05), EPEC accounted for a very much larger 
proportion of patients’ E. coli (85 of 299) than in 
controls (8 of 121) (y? = 23-78, P —0-001). 

The EPEC strains recovered during this investi- 
gation were of 13 different O-serogroups, and the 
most common were O126 (6 patients) and O128 
(5 patients). Other EPEC serogroups recovered from 
patients were O55 (3), O114 (3), O86 (2), O112 (2), 
O125 (2), O142 (2), and one each of O25, O26, 
O111, O119, and OI27. The 5 EPEC from control 
subjects comprised two isolates of O142, and one 
each of O86, O111, and O125. 

The salmonella and shigella isolates obtained in 
this study were also diverse. The 13 salmonellae 
were made up of S. typhimurium (5), S. kentucky (3), 
S. muenchen (2), S. newport (1), S. sarajane (1), and 
S. irumu (1). Six shigella isolates comprised Sh. 
flexneri (3), Sh. sonnei (2), and Sh. dysenteriae (1). 

Of the 16 enterotoxigenic Gram-negative bacilli 
recovered in this study, 13 were E. coli, 3 of which 
were EPEC of serogroups O128 (2) and O112 (1). 
Three Æ. coli isolates produced LT only, 3 ST only, 
and 7 produced both LT and ST. Two patients and 
| control subject yielded enterotoxigenic strains of 
Enterobacter sp., two of which were ST-producing 
only, and one produced only LT. The mouse 
adrenal and Chinese hamster ovary tissue culture 
assays were comparably efficient An. detecting LT- 
producing bacteria, and it is prot bably unnecessary 
to use both systems routinely. 

When clinical data of; patients were gtotiped 
according to infecting agent some . trends» were 
apparent. EPEC were detected. more frequently in 
younger patients and more, often in boys. Only 1 
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patient was exclusively breast fed, while 49 (70%) 
patients received no breast milk at all. In contrast, 
almost half (47%) of control subjects were entirely 
or partially breast fed. 

The presence of leucocytes in the stool was 
common in shigella infections but rare in infections 
with enterotoxigenic bacteria. In infections due to 
other agents their presence was erratic. Neither 
fever, vomiting, nor the severity of dehydration was 
related to the nature of the infecting agent. 


Discussion 


The results of this study show the complex nature of 
gastroenteritis in indigenous black South African 
children. EPEC serogroups emerged as the single 
most important cause of diarrhoea in this population, 
a finding which confirms the results of earlier studies 
at Baragwanath hospital (Table 2). 

Recently doubt has been cast on the enteropatho- 
genicity of EPEC, particularly after reports that 
these bacteria generally do not produce classic 
enterotoxins and are not invasive in experimental 
animals.?-!9$ The finding that these bacteria are 
associated with a distinctive clinical illness however," 
and the demonstration of the ability of some strains 
to cause diarrhoea in volunteers,'® has reaffirmed 
their enteropathogenic role. The mechanism whereby 
EPEC cause diarrhoea is not clear, although there is 
evidence for their ability to produce toxins which are 
nonreactive in the standard suckling mouse and 
tissue culture assays.!? The finding of faecal leuco- 
cytes in 13 of 24 children infected with EPEC how- 
ever, suggests that enterotoxigenicity is not the only 
pathogenic mechanism of diarrhoea caused by these 
bacteria. 

Other traditional enteropathogens, salmonella 
and shigella, although numerically less important 
than EPEC, continue to be responsible for cases of 
childhood diarrhoea in Johannesburg. The incidence 
of shigellosis however, has fallen appreciably since 
1959-60, particularly in children under age 1 year.?? 


Table 2. Recovery of enteropathogenic E. coli from 
children with diarrhoea and from age-matched controls 





Year Patients Controls P Reference 


No (%) No (79 
1959/60 (summer) 52/120 (43) 





14/60 (23) <0-02* Roux et al. 
1974/5 (all year) 55/191 (29) 30/178 (17) <0-01* Freiman 
et al,28 
Summer 45/134 (34) 27/147 (18) <0-01* Freiman 
et al.?8 
Winter 10/57 (18) 3/31 (10) >0-5f Freiman 
et al.?8 

1976/7 (summer) 30/70 (43) 5/30 (17) <0-03* Present study 


*Determined by ~2-test with Yates's correction. 
+Determined by Fisher's exact test. 


The contribution of enterotoxigenic E. coli and 
other enterotoxigenic Gram-negative bacilli to 
summer diarrhoea in Johannesburg children requires 
further clarification. Although 13 (19%) patients in 
the present study were excreting enterotoxigenic 
bacteria, and in 8 patients these were the sole 
pathogen, enterotoxigenic bacteria were also re- 
covered from 3 (10%) subjects in the control group. 
Moreover, the proportion of enterotoxigenic strains 
among Æ. coli from patients (28 of 583) was not 
significantly different from that from controls (7 of 
12D (P0-5). 

In temperate countries rotaviruses account for 
most episodes of paediatric diarrhoea, especially 
during the winter.? Their reported frequency in 
warm countries varies between 0 and 49%. 
By using electron microscopical examination, a 
comparatively insensitive technique, we found rota- 
viruses in only 3 of 68 patients with acute summer 
diarrhoea. This may be misleading, as delays between 
the onset of diarrhoeal symptoms and the admission 
of children to hospital were common, with conse- 
quent reduction in virus shedding.?? Methods of 
virus detection more sensitive than electron micro- 
scopical examination—such as radioimmunoassay,?! 
enzyme-linked immunosorbent assay,? or reverse 
complement fixation—are likely to give higher 
yields.?? 

No pathogen was detected in 22 (31%) patients 
in this study. Diarrhoea due to noninfective causes 
or extraintestinal infection may have accounted for 
some of these cases. In addition, infection with 
Giardia lamblia, Ent. histolytica, or viruses other 
than rotaviruses, may have contributed some cases 
of diarrhoea, as our investigation did not include a 
systematic search for these agents. The one patient 
in whom amoebiasis was diagnosed was discovered 
fortuitously. 

C. fetus was found in 2 of 11 patients in whom no 
other pathogen was detected. A recently completed 
survey at Baragwanath Hospital showed that C. 


fetus subsp. jejuni is significantly associated with 


infantile gastroenteritis, especially in children 
younger than 8 months.’ 

Concurrent infection with more than one pathogen 
was present in almost one-fifth of patients in this 
study. These cases, which probably represent 
simultaneous infections from a multicontaminated 
source, further complicate the already complex 
problem of childhood gastroenteritis. 

This investigation shows that summer diarrhoea 
in South Africa is caused by many pathogenic 
micro-organisms. The wide variety of enteropatho- 
gens recovered from patients attests to the role played 
by environmental factors in the transmission of 


bacterial agents causing diarrhoea. In developing 


communities gastroenteritis is multifactorial with 
major contributions made by poor hygiene, under- 
nutrition, and overcrowding. The frequency with 
which enteropathogens were recovered from control 
subjects substantiates this view. 

Lack of knowledge of the infectious nature, pre- 
vention, and correct treatment of diarrhoea adds to 
the incidence and severity of gastroenteritis in 
Johannesburg blacks. Several mothers of patients in 
this study confessed to having consulted traditional 
tribal medical practitioners (witchdoctors) before 
attending Baragwanath Hospital. This resulted in 
some children receiving ill-advised folk remedies— 
such as soap, milk, garlic, or crushed stone enemas— 
and other undisclosed medicaments. 

No immediate solution to the problem of childhood 
diarrhoea in developing communities is apparent. 
Although a vaccine to prevent diarrhoea due to 
some strains of E. coli seems feasible,?9 the poly- 
microbial nature of diarrhoea does not augur well 
for its success. In affluent countries, a striking 
decline in death from gastroenteritis has taken place 
in the absence of specific preventive or curative 
measures, suggesting that improved nutrition, 
education, and living conditions will benefit affected 
populations more than efforts at specific prevention. 


We thank Dr H Kassel for assistance with the 
collection of specimens, and Dr R Bradley Sack, 
Johns Hopkins University, Baltimore, USA, for 
providing Y-1 adrenal culture cells. 
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Commentary 
J A WALKER-SMITH 
Queen Elizabeth Hospltal for Children, London 


Since the exciting observation in Melbourne by 
Bishop et al. that rotavirus is a significant aetio- 
logical agent for childhood gastroenteritis, this 
virus has been reported in the stools of many such 
children in developed countries, particularly during 
the winter.2-* However, reports from the developing 
world have varied greatly both for the prevalence 
of rotavirus and for the prevalence of conventional 
enteropathogenic serogroups of E. coli (EPEC). For 
example, Taylor et al.8 found rotavirus in 45% of 
children with diarrhoea in a rural treatment centre 
in Bangladesh, whereas Robins-Browne ef al. ir. 
Johannesburg, in the above report, found EPEC in 
43% of black infants with acute summer diarrhoea. 
It seems unlikely that this difference in prevalence of 
aetiological agents is due to the method of detection, 
and most probably it does represent a genuine fact. 
Past experience in developed countries may be 
helpful. It is obvious that in Britain there has been & 
major change in the aetiology of gastroenteritis, and 
in the pattern of prevalence. Summer diarrhoea in 
tbe east end of London was recorded at the Queen 
Elizabeth Hospital for Children from 1885 to 1937 
and there was a mortality of 40-50% for inpatients 
aged under 2 years, but the pattern of summer 
outbreaks ceased in 1937 and did not recur. The 
1953 MRC multicentre trial of prophylactic anti- 
biotics in infantile gastroenteritis reported a 37% 
incidence for the serotypes of E. coli, O111 and O55, 
the only two known at that time. By 1967 the 
incidence of these two serotypes had declined to 
4% of infantile gastroenteritis in Manchester,’ 
and during the. year August 1976-7 at Queen 
Elizabeth Hospital for Children, only 4% of 544 
children with gastroenteritis had one of the larger 
number of currently recognised strains of EPEC 
identified in their stools. Indeed now in east London, 
instead of a summer peak for gastroenteritis there 


is a winter peak" and the rotavirus has been recog- 
nised as a significant and important aetiological 
agent during this winter peak, with 50% of stools 
examined during the winter months containing this 
virus. In Sydney, the winter peak in gastroenteritis 
admissions was first observed in 1964, having not 
been present in the immediately preceding years 
(D Dorman, 1972, personal communication). Thus 
major changes over the years have taken place in 
Australia and Britain, both in the pattern of preva- 
lence and in the aetiology of infantile gastroenteritis. 
Social and environmental factors have obviously 
played a major role in producing these changes. 

While there is little doubt that improved nutrition, 
education, and living conditions do lead to great 
improvement in mortality and prevalence of child- 
hood gastroenteritis, yet in east London such 
improvements have not led to a disappearance of 
gastroenteritis, although the prevalence of E. coli 
enteritis has fallen so strikingly and 'summer 
diarrhoea' has gone. Indeed the emergence of a 
winter peak in admissions in east London and in 
other Western communities has been unexpected. 
There is a clear need to study the present epidemio- 
logy of gastroenteritis in childhood throughout the 
world and within the UK itself to take account of 
the geographical variations in prevalence, and the 
implication such variations may have both for 
aetiology and prevention. Thus it would seem 
probable that social and environmental factors are 
important in the difference between Bangladesh and 
Johannesburg. Án investigation of these factors is 
urgently needed. 
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Watery diarrhoea with a vasoactive intestinal 
peptide-producing ganglioneuroblastoma 


YOSHIHIKO IIDA, OSAMU NOSE, HIROSHI KAI, AKIRA OKADA, TAKESADA MORI, 
PAR-KHEN LEE, KENICHI KAKUDO, AND NOBORU YANAIHARA 


Department of Paediatrics, First and Second Departments of Surgery, and First Department of Pathology, 
Osaka University Medical School, Osaka, and Laboratory of Bio-organic Chemistry, Shizuoka College 


of Pharmacy, Shizuoka, Japan 


SUMMARY An 8-month-old boy with persistent watery diarrhoea and failure to thrive developed 
abdominal distension, hypokalaemia, and flushing of the face and trunk. A high concentration of 
vasoactive intestinal peptide-like immunoreactivity was found in the serum. Soon after resection of 
a suprarenal mass, the serum level of vasoactive intestinal peptide became normal and the diarrhoea 
stopped. Histologically the tumour was a ganglioneuroblastoma: the cells showed fluorescence by 
the indirect immunofluorescence technique with anti-vasoactive intestinal peptide serum. Electron 
microscopical examination showed abundant secretory granules in the tumour cells. Reports of 
chronic watery diarrhoea in children due to neural crest tumours are reviewed, with particular respect 


to the clinical features of the syndrome. 


It is well known that a neural crest tumour should be 
considered in seeking the cause of unexplained 
chronic diarrhoea.! In the past, catecholamines and 
related metabolites had been thought to be the 
causative agents of such diarrhoea," ? but this idea 
has now been abandoned. *-? Recently it was 
proposed that vasoactive intestinal peptide (VIP) 
might be the cause of the watery diarrhoea syn- 
drome®~* and that an increased plasma VIP con- 
centration was diagnostic.5-? In Bloom’s series,” 7 
of 39 patients with high concentrations of plasma 
VIP were found to have either a ganglioneuroma or à 
ganglioneuroblastoma. Only 5 children with the 
watery diarrhoea syndrome and increased VIP 
concentrations in the plasma or tumour tissue 
extracts!!7? have been reported. In one of them the 
location of the VIP-producing tumour was obscure,'? 
but each of the other 4 children had a ganglio- 
neuroma or a ganglioneuroblastoma. 

In 1975, we reported a typical case of the watery 
diarrhoea syndrome due to a ganglioneuroblastoma, 
but we did not measure the plasma VIP.!$6 We now 
report another such case, and suggest that the high 
level of serum VIP is the cause of the watery 
diarrhoea. 

We also review reports of chronic diarrhoea in 
children with neural crest tumours, and discuss the 
clinical features useful in arriving at an early 
diagnosis of VIP-producing tumours. 


Case report 


An 8-month-old boy presented with protracted 
diarrhoea, abdominal distension, and failure to 





Fig. | 
tumour. 
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The inferior vena cava is compressed by the 
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thrive. He had been born after 35 weeks’ gestation 
and had weighed 2:5 kg at birth. At 4 months his 
mother noticed abdominal distension. At 7 months 
watery diarrhoea began, and with abdominal disten- 
sion and weight loss now severe, he was admitted to 
a local hospital. The diarrhoea persisted even during 
intravenous feeding. Hypokalaemia (2:6 mmol/l) 
and hyponatraemia (126 mmol/l) were noted. 
Lactose-free or soy feeds were ineffective. After 16 
days he was transferred to our hospital. 

On admission, he weighed 5-3 kg and measured 
64 cm. He was poorly nourished, with moderate 
dehydration. Abdominal distension was pronounced 
and bowel sounds diminished. There was no palpable 
abdominal mass. His bowel movements, 5 to 8 times 
a day, were watery and brown and were not mixed 
with blood, mucus, or undigested food. He showed 
temporary flushing of the face and trunk, but blood 
pressure was normal (110/70 mmHg). 

Total parenteral nutrition for one week did not 
reduce the diarrhoea. Intravenous potassium sup- 





plements (8-10 mmol/kg per day) were necessary 
to maintain normal serum potassium. Haematologi- 
cal values and erythrocyte sedimentation rate were 
normal. Serum analyses: sodium 134 mmol/l, 
potassium 2:5 mmol/l, chloride 105 mmol/l, 
glucose 5:3 mmol/l (96 mg/100 ml), plasma urea 
4 mg/100 ml (1:43 mmol/l), calcium 9:6 mg/100 ml 
(2:4 mmol/l), albumin 5:3 g/100 ml (53 g/l), 
total protein 7:6 g/100 ml (76 g/l). Serum concentra- 
tions of bilirubin, aspartate transaminase, and 
alanine transaminase were normal: lactic dehydro- 
genase was 774 units (normal, <500 units). No 
pathogenic bacteria were cultured from the faeces. 
A screening test for urinary vanillyl mandelic 
acid (VMA) was negative. Plain x-ray films of 
the abdomen showed amorphous calcifications in 
the right upper quadrant. A urogram located these 
calcifications in the right suprarenal area. Abdominal 
angiographs showed the existence of a suprarenal 
mass with moderate vascularity. The inferior vena 
cava was compressed by the tumour (Fig. 1). 


Fig. 2 Pure ganglionic cell area 
of well-differentiated 
ganglioneuroblastoma showing a 
collection of large ganglion cells 
and Schwann’s sheath 
proliferation. 
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Barium enema showed generalised dilatation of the 
colon. The serum VIP concentration was high (608 
pg/ml). 

On the 10th day after admission, laparotomy was 
performed and a 6:5 x 3-5 x 3:0 cm (40 g) encap- 
sulated solid tumour was removed completely. No 
abdominal metastasis was found. Soon after surgery 
the watery diarrhoea stopped and subsequently the 
weight gradually increased. Our patient is now 2 
years old and progressing well. 


Methods 


Twenty-four hour urine specimens were collected and 
stored at —20°C. Urinary VMA and homovanillic 
acid (HVA) were measured by the methods of Pisano 
et al." and Ruthven and Sandler.!$ Urinary cate- 
cholamines were measured by the method of Seki 
et al, using high-speed liquid chromatography. 
Fasting serum immunoreactive VIP was assayed 
with antiserum (R-502) to synthetic porcine VIP.2° 

Fluorescence staining for immunohistological 





detection of VIP was performed by the indirect 
immunofluorescence technique with rabbit anti- 
serum against synthetic porcine VIP as the first 
antibody, and fluorescein isothiocyanate-labelled 


Table 1 24-hour urinary excretion of catecholamines 
and metabolites 





Concentrations 





Preoperative Normal range* 


Postoperative 


Noradrenaline 25-3 32-0 8-8 + 3-8 
(ug/24 h) 

Adrenaline 0-3 2.6 1-8 + 1-4 
(ug /24 h) 

4-H ydroxy-3-methoxy- 
mandelate (mg/24h) 2.1 *].4 1-3 + 0-6 

Dopamine 272 100 71-0 + 35-5 
(ug/24h) 

Homovanillic acid 6-1 2-4 1-4 + 0-7 
(mg/24h) 


SS 


*Normal range: De Schaepdryver et a/.38 
Conversion: traditional units to SI—4-hydroxy 3-methoxymandelate 
| mg/24h « 5-05 umol/24h. 


Fig. 3 Electron micrograph of 
a ganglionic giant cell showing a 
large nucleus with prominent 
nuclei and many secretory 
granules in the cytoplasm. 

(x 3000). 
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goat anti-rabbit IgG antiserum as the second anti- 
body. 


Results 


Twenty-four hour urinary excretion of catecho- 
lamines and their metabolites is shown in Table 1. 
The preoperative levels of dopamine and HVA 
were moderately high, but these levels became 
normal after operation. 

The serum immunoreactive VIP level (608 pg/ml) 
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was high before operation. One hour after resection 
of the tumour, the VIP level had already fallen to 
130 pg/ml (normal range for our laboratory 200 
pg/ml or less*°), and the values 2 and 3 months after 
operation were both normal. 

Histologically the tumour was a typical ganglio- 
neuroblastoma. It consisted mainly of large ganglion- 
like cells with prominent nuclei and nucleoli. Some 
cells appeared to be poorly differentiated. They were 
dispersed in a loose stroma forming a fibrillary 
cobweb-like network (Fig. 2). 


Fig. da Indirect immuno- 
fluorescence with highlv specific 
rabbit antiserum against 
synthetic porcine VIP. Note that 
the specific fluorescence for VIP 
was observed diffuselv in the 
cytoplasm of tumour cells. 

(x 400). 
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Fig. 4b Haematoxylin-eosin 
staining of section adjacent to 
Fig. 4a. The VIP-positive tumour 
cells have abundant acidophilic 
cytoplasm and a chromatin-rich 
nucleus. ( « 400). 
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Electron microscopical examination showed that 
most ganglionic tumour cells had a nucleus with a 
prominent nucleolus. The cells had abundant cyto- 
plasm containing numerous organelles and many 
round or oval granules (Fig. 3). Among the large 
tumour cells there were many neurites with abundant 
neurotubules and various numbers of secretory 
granules and vesicles. In some areas of the plasma 
membrane of the neurites there were synapse-like 
structures. 

Immunohistochemical studies with rabbit anti- 
serum against synthetic porcine VIP showed specific 
fluorescence for VIP diffusely distributed in the 
cytoplasm of only certain tumour cells, which were 
clustered in restricted areas—that is, the VIP- 
positive tumour cells were not evenly dispersed. 
Histologically, these VIP-positive tumour cells had 
abundant, rather acidophilic cytoplasm, and much 
chromatin in the nucleus (Figs 4a, b). 


Discussion 


In the past, measurement of urinary catecholamines 
or metabolites has been recommended as the most 
useful aid in diagnosis of neural crest tumour.?! In 
many patients presenting with diarrhoea increased 
excretion of urinary catecholamines is present, but 
it is difficult to explain the diarrhoea simply as an 
effect of these substances,! ?7? !! because not all 
patients who have such tumours and secrete large 
amounts of catecholamines do have diarrhoea. 
Again, patients with pheochromocytoma secrete 
large quantities of catecholamines, but rarely have 
diarrhoea as a main symptom.? 

Recently, an increase in the concentration of VIP 
was noted in the plasma or tumour tissue of patients 
with the watery diarrhoea syndrome*-* !? and it was 
proposed that VIP was the cause of this syndrome 
and that its measurement was of diagnostic value.5-19 

VIP is a biologically-active polypeptide of 28 
amino-acid residues," first isolated from hog small 
intestine by Said and Mutt??-?! in 1970. Of the 
various biological actions of VIP, the following 
seem to be especially important in the watery 
diarrhoea syndrome: (1) stimulation of adenylate 
cyclase activity and secretion of intestinal mucosa,?»—?6 
(2) both splanchnic and systemic vasodilatation,?3-?! 
and (3) inhibition of both pentagastrin- and hista- 
mine-stimulated gastric acid secretion.??-?5 These 
effects could explain the clinical symptoms of this 
syndrome— such as severe refractory watery diar- 
rhoea, hypokalaemia, flushing attacks, and achlor- 
hydria. Besides these actions, VIP is reported to 
induce hyperglycaemia”? and hypercalcaemia.®° A 
VIP-producing tumour with the same features as our 
case was recently reported by Modlin e: a/.?! 
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Recently, Modlin et a/.? showed that continuous 
infusion of VIP caused severe diarrhoea, flushing, 
and hypokalaemia in pigs, and that the resulting 
increase in the concentration of VIP serum was 
comparable with that found in humans with the 
watery diarrhoea-hypokalaemia-achlorhydria 
(WDHA) syndrome. 

VIP may be the cause of many cases of watery 
diarrhoea, but not of all cases?? since some may be 
due to pancreatic polypeptide.?? 

With regard to early diagnosis, there are 
reports of only 5 children with this syndrome 
in whom the plasma or tumour VIP was measured. 
But the literature provides much other infor- 
mation on cases where diarrhoea in infants and 
children has been associated with a neurogenic 
tumour, which we have summarised in Table 2. It 
seems that the following clinical features are 
important for diagnosis. (1) Age: although the 
syndrome is found in persons of all ages,?* it is 
more common in infants and young children (Table 
2). In adults WDHA syndrome often seems to be due 
to a pancreatic tumour, whereas in children it is 
often due to a ganglioneuro(blast)ma or neuro- 
blastoma.?* (2) Chronic watery diarrhoea, which is 
refractory to diet and to total parenteral nutrition: 
bowel movements are not always frequent, and some 
patients have large fluid stools only once or twice a 
day. (3) Hypokalaemia: of 19 cases with records of 
serum potassium, 14 had hypokalaemia (Table 2). 
The hypokalaemia is not necessarily continuous, but 
occurs in repeated severe episodes (1:4—3-:7 mmol/l 
in Table 2). Supplementation with large quantities 
of potassium may be necessary.!?-!* (4) Abdominal 
distension and colonic dilatation: distension is not 
necessarily due to hypokalaemia,? but may rather be 
an effect of VIP. (5) Transient response to cortico- 
steroids: there are few reports of administration of 
corticosteroids to patients with this syndrome, but 
in all those reported (6 reports in Table 2) transient 
improvement of the symptoms was noted. ?-! 12 15—16 35 
The reason for the effects is unknown, but the effect 
of corticosteroid could be a diagnostic aid. (6) 
Hypo- or achlorhydria and inhibition of gastric acid 
secretion: these symptoms have been reported 
frequently in adults with the WDHA syndrome, 
but only occasionally in children with this syndrome! 
(7) Flushing: the frequency of the appearance of 
flushing or rash is not high, and indeed only 7 are 
shown in Table 2. However, flushing appears only 
transiently, and so is easily overlooked. In experi- 
ments on pigs by Modlin e: a/.,? flushing was noted 
in all. (8) Urinary excretion of catecholamines and 
their metabolites: catecholamines are not causative 
agents of the diarrhoea, and moreover they are not 
always increased in this syndrome. 13 of 21 cases in 
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Table 2 3/ reported cases of diarrhoea in association with neural crest tumours in children 





Sex Iypeof Location 


Reference Age 
Hawfield and 
Daisley39 13 months F 
Uhlmann and 
von Essent? — 3 years F 
10 months M 
Green et al.41 27 months M 
18 months M 
30 months F 
Kager and von 
Studnitz?? 8 months M 
Smellie and 
Sandler42 3i months F 
Voorhess and 
Gardner43 13 months F 
13 months F 
Lebocuf er a/.44 3} years M 
Stickler et a/.4 19 months M 
Voorhess and 
and Gardner?! 8 years M 
Kontrast 3 years F 
Rosenstein and 
Engelman36 15 months M 
Greenfield and 
Shelley46 7 months M 
15 months M 
Sindhu and 
Anderson] — 5 years M 
Peterson and 
Collins4 4 years M 
Hamulton ef al.3 3 years M 
Fregonese et al.48 2 years M 
6 years M 
Galbert! 16 months F 
Williams ef al.35 26 months F 
Kasor et al.49 21 months F 
Okada ef al,.16 25 months M 
f 
Swift et al.11 5 years F 
Mitchell et al.12 17 months F 
Jansen-Goemans 
and 
Engelhardt!i4 17 months M 
Leupold ef af.15 18 months M 
lida et al. 
(this case) 8 months M 


GN  ganglioneuroma, NB = neuroblastoma, GNB = ganglioneuroblastoma. 


tumour* 


GNB 


GNB 


GNB 


GN 


GNB 


Adrenal 
Adrenal 
Mediastinal 


Abdominal 
Bifurcation 
of aorta 
Adrenal 
Bifurcation 
of aorta 


Sympath- 
etic chain 
at sacrom 

Adrenal 


Neck 


Mediastinal 


Adrenal 


Urinary 
VMA 


Not raised 
Not raised 


Slightly 
raised 


Not raised 
Raised 


Not raised 


Ratsed Raised 
Not raised Raised 


Not raised Raised 


Not raised Raised 


fumriour 


VIP 


++ 


| + 


++ 


++ +++ 


(tumour) 


-fe 


Hypoka- 
aemiad 
(mmol/l) 


+ G1) 


+ G-4) 


+ (7) 


+ @-6) 


Plasma or Abdominal Symptoms and signs 
distension 
Flushmg Hyper- 


or 1ash 


Flushing 


Rash 


Flushing 


Flushing 


Flushing 


tension 


| + 


++ 


| 


Other 


symptoms 
and signs 


Profuse 
sweating 

Profuse 
sweating. 
Wadding 
gait 


Profuso 
sweating 


Response to 
to steroids 


Polydypsia 


Dilatation of 
colon 

Duatation of 
colon, 
Response 
to steroids, 
Waddling 
gait 


Response to 


sterords 


Dilatation of 
colon. 
Response 
to steroids 

Profuse 
sweating 

Response to 
steroids 


Dilatation of 
colon, Inhi- 
bition of 
gastric acid 
secretion 

Response to 
steroids 


Profuse 
sweating. 
Dilatation 
of colon 
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Table 2 showed increased urinary excretion of VMA, 
but 8 cases showed little or none. However, neuro- 
genic tumours are often associated with abnormal 
excretion of catecholamines, and so it is important to 
measure urinary VMA. Measurement also of HVA 
and catecholamines (dopamine, noradrenalin, and 
adrenalin as well as VMA) would be somewhat more 
effective. (9) Measurement of plasma VIP: measure- 
ment of VIP in carefully preserved frozen plasma 
may prove to be a simple and reliable test for 
diagnosis of many cases of this syndrome. Con- 
siderable care is necessary during specimen collection 
and assay. VIP is rapidly destroyed by proteolytic 
enzymes because it has two basic amino-acid 
sequences that are particularly susceptible to trypsin- 
like enzymes. Blood should therefore be taken into 
a proteolytic enzyme inhibitor (aprotinin, 1000 
kallikrein inhibitor units/ml blood) and then rapidly 
centrifuged and the plasma should be frozen at 
—209C within 15 minutes of venepuncture.!? 34 
(10) Detection of tumours: as seen in Table 2, the 
adrenal and neighbouring regions are the most 
common sites for tumours, followed by the media- 
stinum, so that pyelography and chest x-rays are 
necessary; these tumours frequently show calcifica- 
tion. Other techniques—such as computerised 
tomography scanning and angiography—may be 
indicated. (11) Other symptoms: profuse sweating 
(S cases in Table 2) and waddling gait (2 cases in 
Table 2) are sometimes present. 
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Intractable diarrhoea of infancy and latent 


otomastoiditis 
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Otorhinolaryngology, Hospital de Santa Maria, University of Lisbon, Portugal 


SUMMARY In 16 infants with intractable diarrhoea, latent otomastoiditis was found in 9 (3 at 
necropsy and 6 at myringotomy-antrotomy). In 5 of the 6 operated group, surgery was followed by a 
striking cessation of the diarrhoea and with weight gain. It is concluded that (1) latent otomastoiditis 
may be a perpetuating factor in intractable diarrhoea; (2) myringotomy-antrotomy should be 
considered if other forms of treatment have failed, and especially if there is leucocytosis; (3) mastoi- 
ditis with diffuse osteitis seems to be associated with a poor prognosis. 


The association of ear infection with diarrhoea and 
malnutrition in infancy has been known for more 
than a century,! but it was only from the late 1920s 
that articles began to appear in the medical journals 
drawing attention to the relation between acute, or 
latent, otomastoiditis and diarrhoea, either acute or 
prolonged, with severe malnutrition." With the 
advent of sulphonamides and other antimicrobial 
drugs, most of the ear infections were able to be 
controlled, and, in the course of time, the concept of 
latent otomastoiditis has almost been forgotten. In 
two review articles on intractable diarrhoea of 
infancy,1?3? latent otomastoiditis was not mentioned, 
nor is it mentioned in a well-known and much used 
book of paediatric gastroenterology.i* The aim of this 
paper is to recall attention to a problem which seems 
far from resolved. 


Patients and methods 


16 infants with intractable diarrhoea were treated 
between January 1977 and July 1979 in this unit. 
'Intractable' diarrhoea was defined by the criteria of 
Avery et al.! but with an age limit of up to 3 months. 
Mean age was 41 (range 7-120) days, and mean 
weight on admission 2-90 (range 1:80—4-58) kg. 
Each infant required total parenteral nutrition from 
a minimum of 11 to a maximum of 95 (mean 
43) days; many of them were also treated with 
hydrocortisone and cholestyramine. Each received 
between 3 and 5 antibiotics during his long stay in 
hospital; these were given either alone or in combina- 
tion. Hydrocortisone was used mainly during periods 
of severe clinical deterioration. Treatment with 
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antibiotics was instituted for intercurrent infections, 
if corticosteroids were given, or if an infection was 
strongly suspected on clinical grounds. None of the 
infants had been given breast milk with the excep- 
tion of Cases 11 and 16, who received some breast 
milk together with formula for the first 14 and 3 
weeks of life. Each infant had at least one blood 
culture (maximum 11), three stool cultures (maxi- 
mum 10), and two urine cultures (maximum 4). The 
material obtained at surgery from the ear cavities of 
Cases 11, 12, 13, 15, and 16 has been cultured. 


Results 


Four infants (Cases 2, 3, 4, and 7) had an uneventful 
recovery after the institution of total parenteral 
nutrition. Two (Cases 5 and 6) died unexpectedly 
from complications of unsuspected duodenal ulcer— 
perforation and massive bleeding. 

Ten infants (Cases 1 and 8-16) had very protracted 
clinical courses and treatment seemed to have no 
effect on either the diarrhoeal or the nutritional 
condition; there was a leucocytosis in 8 of them. 
Three of the 10 (Cases 1, 8, and 9) died, and necropsy 
showed the existence of bilateral purulent mastoiditis ; 
earlier otoscopies had been repeatedly normal. 
Because of this it was decided to submit each of the 
remaining 7 infants (in whom diarrhoea and mal- 
nutrition were equally resistant) to bilateral myringo- 
tomy, and if no pus was encountered, to follow with 
bilateral antrotomy. This was done despite com- 
pletely normal otoscopies. Two infants died: 
one (Case 14) died 10 hours after an antrotomy 
which had shown mastoiditis on the right side with 
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of 10 infants with 
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resistant to medical 
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and Cases 14-16 were 
subjected to 
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osteitis: the other (Case 15) died 38 days after 
antrotomy which had shown bilateral mastoiditis 
with diffuse osteitis (a left-sided mastoiditis was still 
present at necropsy). Five infants (Cases 10-13 and 
16) recovered; clinical improvement immediately 
followed myringotomy-antrotomy in the first four and 
was followed after some delay in the remaining 
infant. In Case 10 no lesion was found on antrotomy; 
three (Cases 11, 12, and 16) had unilateral mastoiditis 
(plus diffuse osteitis in one case); one (Case 13) had 
bilateral otitis media. After the myringotomy- 
antrotomy procedure in these five infants, the diar- 
rhoea cleared in 1-4 days, and the fever (present 
in two) by the next day; weight improved rapidly in all 
except Case 16, in whom improvement was more 
delayed (Fig. 1); and the number of leucocytes progres- 
sively fell to normal (Fig. 2). Stool, blood, and urine 
cultures were all consistently negative. Cultures from 
the ear cavities showed a Klebsiella sp. in Case 11, a 
Staphylococcus aureus coagulase-positive in Cases 12 
and 13, and were negative in Cases 15 and 16. 


Discussion 


The frequent coexistence of acute or protracted 
diarrhoea in infancy with parenteral infection, 


otitic or other, is a fact well known to paediatricians, 
although the relation of the two remains obscure. 
The diagnosis of otitis media is usually made by 
otoscopy, while treatment with antibiotics resolves 
most cases. But in young infants and particularly 
in those severely malnourished, otoscopy may be 
unreliable: an infected middle ear, antrum, or 
mastoid may exist without discernible local signs.1® 
This is the condition that has been termed latent 
otomastoiditis. In relation to diarrhoea, the occult 
ear infection may be primary, secondary, or simply 
accompanying, but in any event, once installed it may 
perpetuate its course." 1’ 

Some 40 years ago many paediatricians did not 
hesitate to advise myringotomy or even antrotomy 
for a marasmic infant with prolonged and resistant 
diarrhoea. With the advent of potent antimicrobial 
drugs this problem has substantially changed, and 
references to it have not appeared in the columns of 
Western medical journals, at least during the last 10 
years. This contrasts with the situation in some 
east European countries, where the importance of 
ear infection with infantile diarrhoea, and of antrum 
drainage ın its treatment, seems to persist. ^39 

In 16 infants successively admitted to our unit with 
malnutrition and intractable diarrhoea, latent 
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otomastoiditis was found in nine. In the remaining 
infant (Case 10) no otitic infection was detected, but 
diarrhoea and fever ceased, and weight gain started 
immediately after antrotomy. Similar beneficial 
effects of surgery, even in the absence of manifest 
infection, have been reported.* H Of the 3 infants in 
whom mastoiditis was associated with osteitis, two 
(Cases 14 and 15) died, and one (Case 16) had a 
delayed recovery after surgery, suggesting that 
diffuse osteitis may be associated with a poor 
prognosis. Latent otomastoiditis has proved to be 
remarkably uninfluenced by antimicrobial therapy; 
indeed it has been claimed that antibiotics may 
actually worsen the clinical condition of infants with 


intractable diarrhoea.!5 Myringotomy and antrotomy 
are simple procedures in the hands of a skilled 
otologist, and we suggest that the procedure should 
be considered after other treatments of the diarrhoea 
have failed. i 

The fact that so few of these infants were breast fed 
contrasts with the 53 and 30% ıncıdence found in 
infants from 1 and 2 months in Lisbon,™ suggesting 
that human milk may have some effect in protecting 
the infant against mtractable diarrhoea. 


Conclusions 


Latent otomastoiditis may be a perpetuating factor 
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in intractable diarrhoea in infants. Myringotomy- 
antrotomy should be considered after other forms of 
treatment have failed, and especially if a leucocytosis 
is present. Simple 'ventilation' by surgery of appar- 
ently intact ear cavities may favourably influence the 
course of the disease. Mastoiditis with diffuse 
osteitis seems to be associated with a poor prognosis. 


Addendum 


Since submitting this paper four more infants have 
presented with intractable diarrhoea and latent 
otomastoiditis. Antrotomy showed bilateral mastoi- 
ditis in each, with osteitis in two. Cultures from the 
ear cavities grew a Klebsiella sp. in one and were 
negative in two. After surgery, diarrhoea stopped 
within 4 days and weight improved rapidly. 
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Commentary 


J A DODGE 
Welsh National School of Medicine, Heath Park, 
Cardiff 


Intractable diarrhoea of infancy as defined by 
Avery et al is a fairly rare but a disproportionately 
resource-consuming problem in the UK. Although 
many contributory factors have been identified, the 
underlying aetiology is often obscure and manage- 
ment is reduced to life support by intravenous feed- 
ing and gradual weaning on to a hypoallergenic diet 
when possible. The mortality rate is high. 

I have no personal experience of an association 
between this condition and subclinical mastoiditis or 
antral infection. It may be argued that I have never 
looked for it, and this would be perfectly true. 
Professor Salazar de Sousa claims that response to 
myringotomy was striking and that the procedure 
itself was relatively trivial. Most British paedia- 
tricians trained in the antibiotic era will have had 
little experience of myringotomy, although ıt was 
widely’ practised in North America where I worked 
15 years ago. Perhaps if we looked carefully at 
necropsy for chronic middle ear infection in these 
babies we should find it. Perhaps too, if we took our 
courage in our hands, or in those of our ENT 
colleagues, we might also find that latent middle ear 
infection was often present in babies with intractable 
diarrhoea. Rapid recovery of the patient from his 
diorrhoea would be gratifying and would support 
Professor Salazar de Sousa’s claims. Perhaps some 
readers of the Archives have had similar experiences, 
and I know that the Editors would welcome corres- 
pondence. 


Reference 
1 Avery G B, Villavicencio O, Lilly J R, Randolph J G. 
Intractable diarrhea in early infancy. Pediatrics 1968; 
41: 712—22. 
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Hypothalamic-pituitary-gonadotropic function in 
girls with premature thelarche 


A M PASQUINO, F PICCOLO, A SCALAMANDRE, M MALVASO, R ORTOLANI, AND 


B BOSCHERINI 
1st Paediatric Clinic, University of Rome, Italy 


SUMMARY Hypothalamic-pituitary-gonadotropic activity was investigated in 9 girls with pre- 
mature thelarche, and compared with that in 9 healthy girls and 6 girls with true precocious puberty. 
The gonadotropin stimulation test with luteinising hormone-releasing horfnone was used. Girls 
with premature thelarche showed luteinising hormone response resembling that of normal girls, 
and follicle-stimulating hormone (FSH) response quite similar to that of girls with precocious 
puberty. This suggests that in premature thelarche there is a partial activation of the diencephalic- 
hypophyseal-gonadal axis, which affects FSH only. Premature thelarche therefore, should be 
considered as one of the disorders due to altered sensitivity of the hypothalamic receptors which 


regulate sexual maturation. 


The premature development of the breast without 
any other clinical signs of sexual maturation termed 
premature thelarche by Wilkins! ıs not uncommon 
in girls under 8 years of age, with the highest 
incidence between 1 and 4 years!'-? Premature 
thelarche is not a progressive condition!-* * and 
therefore, from a clinical point of view, it generally 
is not a serious problem. 

The pathogenesis of premature thelarche is still 
controversial. According to some? *7? the premature 
development of the breast is due to an abnormal 
sensitivity of the target tissue to the small physio- 
logical amounts of oestrogens present in early life. 
Others? 8 suggest that premature thelarche can 
be ascribed to an autonomous overproduction of 
oestrogens by those ovarian follicles which undergo 
cystic transformation and luteinisation between the 
first and fourth years of age: in some girls such 
hormonal spurts are sufficient to induce a partial 
development of the mammary gland, and also a 
certain degree of maturation. of the vaginal 
epithelium. 

More recently, on the basis of studies of hypo- 
thalamic-pituitary-gonadotropic function, it was 
suggested that patients with premature thelarche 
might show increased gonadotropin secretion, 
which in turn would cause increased oestrogen 
production.* 1-8 Such findings however, have not 
been confirmed by others." # 

We report an investigation of hypothalamic- 


pituitary-gonadotropic function in a group of 9 
girls with premature thelarche, and compare our 
findings with 9 healthy girls and 6 girls with true 
precocious puberty. 


Materials and methods 


Nine girls, aged between 1:5 and 6:2 years, with 
premature thelarche, were studied; their clinical 
data are given in Table 1. Bone age was evaluated 
by the TW2 method.!? The degree of breast develop- 
ment was assessed according to the stages given by 
Marshall and Tanner. The annual growth rate 
was calculated by the standards of Tanner and 
Whitehouse.!5 Height was evaluated on the basis of 
Tonelli's centiles.!9 

Vaginal smears were stained by the Papanicolaou 
method, after fixing in ether—95% alcohol (1:1), 
and were interpreted according to Kaufman and 
Leeds? Maturation index (MI) represented the 
percentage of counted cells divided into a parabasal, 
intermediate, or superficial group. An MI of 100/0/0 
indicated that vaginal epithelium showed no oestro- 
genic stimulation since it was made exclusively of 
parabasal cells, whereas if the index moved to the 
right (0/0/100)—that is, an increased percentage of 
the superficial layers—increased oestrogenic stimu- 
lation was indicated. 

The gonadotropin stimulation test was performed 
in the fasting state at 9 a.m., by a rapid intravenous 
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injection of 50 pg synthetic, luteinising hormone- 
releasing hormone (LH-RH). Blood samples were 
collected at time 0 and then at 10, 20, 30, 60, and 
90 minutes. Separated plasma was stored at —209C. 

Follicle-stimulating hormone (FSH) and luteinis- 
ing hormone (LH) were assayed in duplicate by 
radioimmunoassay!?-1? using anti-LH and anti- 
FSH sera, absorbed with human chorionic gonado- 
tropin (Biodata). Concentrations are reported in 
mlU/ml of the 2nd international reference 
preparation—human menopausal gonadotropin 
(IRP—HMG), so that 1 mIU LH corresponds to 
5 ng LER 907, 

The gonadotropin response to LH-RH was 
expressed in terms of the highest concentrations 
(FSH and LH maximum peak) and also of maximum 
increment. The statistical analysis was carried out 
on the mean -+ SEM values obtained in patients 
with premature thelarche compared with: (1) a 
group of 9 girls, aged between 1-5 and 7 years, who 
had been admitted to the endocrinology department 
on the suspicion of endocrine disorder. All had had 
vaginal bleeding, proved in one case to be due to 
a foreign body and in the remainder to vaginitis, 
and (2) a group of 6 untreated girls with true 
idiopathic precocious puberty aged between 1-2 and 
6:8 years. All 15 girls submitted to the stimulation 
test with their parents’ consent. 

Significance of difference between the mean 


Table 1 Premature thelarche: clinical data of 9 cases 


values of the three groups was calculated by the 
Student's t test: P«0-01 was chosen as the lowest 
limit of significance. 


Results 


Clinical observation was carried out during a period 
of 1 to 24 years (Table 1). The heights and height 
velocities of the premature thelarche girls were 
normal. Bone age agreed with chronological age 
within + 1 SD. The degree of breast development 
ranged between Tanner's B2 and B3 stages. The first 
signs of breast development appeared between the 
first week of life and age 6 years. A regression to 
Bl stage was observed in 3 girls and to B2 in the 
others. 

In all girls the vaginal smears showed clear signs 
of oestrogenisation, slight in 2 and more pronounced 
in 7. 

The gonadotropin response to LH-RH was 
different in the three groups (Table 2). Both maximum 
peak and increment (A) of FSH differed from the 
values seen in girls with true precocious puberty 
(Figs 1 and 3) However, maximum peak and 
increment of LH in girls with premature thelarche 
were not significantly higher than the values in 
healthy girls (P 0-01), and were significantly lower 
(P«0-001) than the values in girls with true pre- 
cocious puberty (Figs 2 and 3). 








Case Age (years) Bone age Height Observation Height Age at Breast stage Vaginal smear 
(centile) perlod (years) velocity onset 
(SD) (years) First Subsequent Ocestrogenic MI 
stunulation 

I 39 38 10 25 +1-0 3-9 B, Bi Slight 50/40/10 
2 21 23 90 1^3 4-10 20 B, Bi Fait 50/25 

3 5.5 5.3 3 2-5 —1 0 Birth B3 Bi Strong 25/40/35 
4 27 30 50 1-5 —0 6 Birth B3 B4 Fair 50/25/25 
5 1-5 15 50 2.5 T0-3 1-5 By Bi Shght 50/40/10 
6 53 60 25 1-5 +0-2 Birth By B; Fair 50/25/25 
7 43 48 25 10 +0 2 2.0 B, B, Fair 50/25/25 
8 6.2 7.3 50 10 -—0.5 6 0 B. Ba Fair 50/25/25 
9 20 21 75 1-5 +0 8 0-3 B3 B, Fair 50/25/25 





MI = Maturation index (see text) 


Table 2 Baseline plasma values and responses to LH-RH stimulation of FSH and LH (means +. SE) in premature 


thelarche, precocious puberty, and normal subjects 





Group Basal FSH Maximum Maximum Basal LH Maximum Maximum 
(mIU|mI) FSH (mIU[mI) FSH increment (mlIUj|ml) LH (mlIUj|ml) LA increment 
(mIUjmi) (mIUjmi) 
Premature thelarche (n =9) 4 1406 27-143 22-942 9 1 5401 9.5-- 1:1 8 041-1 
Precocious puberty (n =6) 6 241-2 26-0-+-2 20 511-8 2 6407 36.64-7.6 34-0+7-4 
Normal subjects (n 9) 2 6403 14-4+-1 11 841.8 1-54-0-1 6 5+0 8 5.0--0-7 
Significance of differences, P 
Premature thelarche v precocious puberty NS NS NS NS <0 001 « 0-001 
Precocious puberty v. normal <0 005 «0-001 <0 0025 NS « 0-001 « 0-001 
Premature thelarche v. normal NS «0.0025 « 0.0025 NS NS NS 
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NS — not significant (70 01). 
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Fig.1 FSH after LH-RH stimulation in prematuie 
thelarche. 
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Fig.2 LH after LH-RH stimulation in premature 
thela: che. 
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Fig.3 FSH and LH maximum increment in noi mal 
subjects, 





Discussion 


Clinical findings 1n our patients (Table 2) are in 
agreement with those already published regarding 
the time of onset of precocious breast development, 
reversibility of premature thelarche, and absence of 
acceleration in both height and bone age.1-* 7 

All patients showed signs of oestrogenisation 
of the vaginal epithelium, in agreement with 
other reports* 7-8 ®-2 but not in agreement with 
all.1i-? 5 98 17 

As far as hypothalamic-pituitary-gonadotropic 
function was concerned after LH-RH stimulation, 
we found increased plasma FSH as is present in 
girls with precocious puberty; LH levels however, 
were not significantly different from values seen in 
normal girls of comparable ages (Table 2 and Figs 1, 
2, and 3). The unusual behaviour of gonadotropins 
seems to indicate that in premature thelarche a 
partial hypothalamic-pituitary-gonadotropic activa- 
tion occurs which affects FSH only. 

High plasma FSH levels have been observed both 
during the first year of hfe? and in the early phase 
of puberty, when FSH increase precedes that of LH 
by about one year.?*-?? Since patients with premature 
thelarche show not only breast development but 
also, according to our findings, constant oestro- 
genisation of the vaginal epithelium and increased 
FSH production, it seems probable that in premature 
thelarche and in early puberty a similar chain of 
events occurs. 

Premature thelarche might therefore, be included 
among the conditions that depend on altered 
sensitivity to steroids of the hypothalamic receptors 
controlling sexual maturation. If this is the case, a 
disturbance of receptors regulating FSH secretion 
would cause the early occurrence of thelarche— 
usually a transient phenomenon—whereas a dis- 
turbance affecting the receptors of both gonado- 
tropins would account for the fully developed 
picture of true precocious puberty, which is generally 
persistent and only exceptionally has been described 
as a transient condition.™4 

From a practical point of view, the present study 
emphasises the usefulness of the gonadotropin 
simulation test with LH-RH in girls with premature 
breast development, as such a test distinguishes 
between premature thelarche and true precocious 
puberty. 


We are grateful to Dr G Mancuso and Mr G Davi 
for the laboratory investigations. 
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Neonatal rickets 


Histopathology and quantitative bone changes 


S J OPPENHEIMER AND G J A I SNODGRASS 
Department of Morbid Anatomy, London Hospital Medical College, and Department of Paediatrics, 


London Hospital 


SUMMARY Ribs from 3 preterm infants, who had died after prolonged intravenous feeding and 
artificial ventilation, were examined histologically and assessed for the degree of osteomalacia and 
osteoporosis in cancellous bone of the shaft. A grid counting technique was used. Osteomalacia 
was noted in all 3 cases but to a lesser degree than in classical vitamin D-deficient controls. Osteo- 
porosis was pronounced in the cases of neonatal rickets, but this was not a feature of the vitamin 
D-deficient controls. Histological features were similar to those reported in experimental phosphate- 


deficient rickets and vitamin D-resistant rickets. 


A combination of rachitic changes and multiple rib 
fractures occurring in preterm infants has been 
described by several authors.! This report describes 
the histology and quantifies the changes in cancel- 
lous bone occurring in 3 neonates dying with 
rickets; each had received prolonged intravenous 
alimentation including intravenous vitamin D. 


Material and methods 
Three groups were studied. 


Normal controls, 9 term fresh stillbirths and first- 
week neonatal deaths. 


Vitamin D-deficient rickets, 6 cases occurring in 
infancy were obtained from the London Hospital 
pathological collection. 


Neonatal rickets, 3 infants who had died of broncho- 
pulmonary fibroplasia and heart failure after pro- 
longed mechanical ventilation. Each of them had 
received prolonged intravenous feeding including 
intravenous vitamin D supplements of 200 IU daily 
(5 ug). In each case there had been x-ray and bio- 
chemical evidence of rickets before death. 
Suitably-stained, undecalcified sections of rib were 
assessed quantitatively for osteoid and mineralised 
bone content. A grid area point counting method 
was used.? This enables an accurate estimate to be 
made of the areas occupied within cancellous bone 
by osteoid and mineralised bone. A Zeiss integrating 
disc No 4 was used, which incorporates a grid of 
900 points. Only cancellous bone in the shaft of the 


rib was studied and an average of 7 different area 
counts was taken for each case (that is 6300 points). 
To separate elements of osteomalacia and 
osteoporosis, the results were expressed in the 
following form: ! 


% osteoid = mean osteoid grid count x 100/(mean 
osteoid grid count +- mean mineralised grid count). 


This expression indicates the proportion of the total 
osseous tissue that is uncalcified (normal <5 %).? 

To produce a value for the proportion of total 
osseous in cancellous bone (that is, bone density), 
the osteoid and mineralised bone counts were com- 
bined and expressed as a percentage of the total 
tissue area. Thus: 


% total osseous tissue 
= (mean osteoid grid count + mean mineralised 
grid count) x 100/900 


The statistical method used for comparison was 
the Mann-Whitney U test. 


4 


Results 


The relative values of % osteoid and % total 
osseous tissue are shown in Fig. 1. The mean % 
total osseous tissue in the normal controls was 
33-6% 4- 1-0 (n = 9), while that in the vitamin 
D-deficient rickets cases was 37:594 SE 4- 2-8 
(n= 6), a nonsignificant difference (P>0-05). 
In contrast, the % total osseous tissue in the 3 
intravenously-fed infants was less than 2097. Thus 
was significantly less than in both the other groups 
(P«0-05) The mean % osteoid in the normal 
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Fig. 1 Relative proportions of % osteoid and % total 
osseous tissue. 


controls was 3:57; SE + 0-7 (n = 9), much less 
than that in vitamin D-deficient rickets (P<0-001). 
As can be seen from Fig. 1, the % osteoid in the 
intravenously-fed infants occupied an intermediate 
position between the normal infants and the 
classical vitamin D-deficient cases, and taken as 
a group were different from either of the other 


groups (P<0.05). 
Histopathology 


A normal costochondral junction from a term 
stillbirth is shown in Fig. 2a. 


Vitamin D-deficient rickets. 


Ribs 

All 6 cases showed classic florid changes of vitamin 
D-deficient rickets. The histological changes have 
been fully described,? but the following are relevant 
to the discussion. There is gross enlargement of the 
costochondral junction (Fig. 2b). This is due to the 
expansion in thickness and lateral width of the 
cartilage plate and to the production of a thick band 
of osteoid. With osteoblastic activity normal or 
increased, there is deposition of abundant osteoid 


directly on to cartilage. Failure of osteoclastic 
resorption occurs since osteoclasts can only remove 
calcified material. As a result the cartilage is in- 
adequately removed and there is irregular invasion 
of blood vessels. Subperiosteal bone formation is 
less affected; it overtakes endochondral ossification 
at the sides and produces the characteristic cup 
deformity (Fig 2b). 

In the shaft, trabeculae are orientated in a bizarre 
fashion, tend to be thickened, and are covered over 
most of their surfaces by thick osteoid seams. 
Calcified bone is of the lamellar type. Osteoblastic 
activity is normal or increased. Osteoclastic activity 
1s reduced or absent. 

The cortex tends to be thickened and covered 
with a thick osteoid seam; it is often reduplicated. 
With the virtual absence of osteoclasts normal 
resorption remodelling does not occur. 


Neonatal cases, 


Case 1 

Case 1 was fed intravenously throughout life (3 
months) and by the time death occurred at the 
gestational age of 44 weeks, rachitic changes were 
florid. These are described in detail. 

The ribs on the left from 7 to 10 and on the right 
from 6 to 10 were fractured at the angle. Around 
each fracture was a hard fusiform swelling 5~7 mm 
in diameter. The ribs were soft and easily deformed 
(as were all bones examined). The costochondral 
junctions were enlarged up to 6 mm anteroposterior. 
The lower femoral ossifications centre was present. 
Specimens of lower end of femur, rib, and rib 
fracture were taken and embedded undecalcified 
in methacrylate. Histologically (Figs 2c and d), 
there was an enlargement of the costochondral 
junction to 5:5 mm (normal 3 mm). The hyper- 
trophic zone of cartilage was increased to 3 mm 
and the columns of hypertrophic cells showed dis- 
orderly alignment and pronounced variation in size, 
with many large ellipsoid lacunae especially at the 
periphery. The normally clear junction between the 
hypertrophic zone and the zone of provisional 
calcification was replaced by a disorganised area 
3 mm deep, where there was irregular penetration 
of the cartilage by blood vessels leaving residual 
large tongues and islands of calcified cartilage 
(TCC) deep in the primary spongiosa (Figs 2c and 
d). These tongues of calcified cartilage were partly 
covered with thin osteoid. Also in this disorganised 
area were scattered small islands of osteoid. A few 
osteoclasts were seen in the primary spongiosa mainly 
associated with islands of partly calcified cartilage. 

The cancellous bone of the shaft was characterised 
by (1) thin, sparse, irregular, poorly-calcified 


trabeculae consisting of woven bone. (2) Moderately 
thickened osteoid seams covering approximately 
half the surface of the trabeculae. (3) Very little 
osteoclastic activity. (4) Very few and flattened 
osteoblasts. 
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The cortex of the shaft was very thin and in one 
place buckled. There was a thick layer of sub- 
periosteal osteoid on the outer cortex but poor 
osteoblastic activity. 

The rib shaft was very porotic. There was an 





` Fig. 2 Undecalcified sections of rib from (a) normal 
stillbirth, (b) classical vitamin D-deficient rickets, 
(c) and (d) Case 1 (neonatal rickets), (e) rib fracture 
from Case 1. 
Fig. 2 (a, c, e.) Von Kossa stain for calcification. Fig. 2'(b, d) 
haematoxylin and eosin. X 12. 1 


CP — cartilage 
IBV — invading blood vessels, ost =osteoid, TCC —tongues of calcified 
cartilage, CD —calcified deposit, Cart — cartilage. 





plate, ZPC-zone of provisional  calcifaction, 
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irregular fracture but no displacement (Fig. 2e). 
The trabeculae adjoining the fracture site showed 
only slight signs of remodelling. The callus was 
composed of abundant osteoid and metaplastic 
cartilage but showed little calcification. 

Lungs showed marked parenchymal fibrosis: the 
cause of death was bronchopulmonary fibro- 
plasia. Histology of other organs was normal. 


Cases 2 and 3 showed bony changes similar to 
those of Case 1, with the same characteristic dis- 
organisation of the costochondral junctions and 
generalised osteoporosis, but these infants, who had 
received intravenous phosphate supplements in the 
last weeks of their lives, showed evidence of healing: 
(1) although the ostepid seams in the shaft were 
thicker than normal they were thinner than in Case 
1; (2) the trabeculae in the shaft were characterised 
by a core of woven bone (as in Case 1) but this was 
surrounded by a layer of fresh lamellar bone lined 
with active osteoblasts. 


Discussion 


The three infants described in this paper had been 
fed intravenously for long periods and received 
vitamin D throughout. Bone changes were similar 
microscopically and by quantitative assessment of 
the relative amounts of bone and osteoid. The 
evidence for their being considered as rickets is: 
(1) widened costochondral junctions; (2) deepened 
disordered cartilage plate; (3) irregular invasion of 
the cartilage plate by blood vessels; (4) poor removal 
of cartilage; (5) widened osteoid seams; and (6) dis- 
ordered remodelling of the cortex and of the 
cancellous bone of the shaft. 

Despite these similarities to classical rickets, there 
are important differences between our cases and 
vitamin D-deficient rickets (Table). A common 
mechanism for these differences could be a decreased 
osteoblastic activity in the neonatal cases, which 
does not occur in the vitamin D-deficient cases. 
We suggest that these neonatal cases are in fact 


hypophosphataemic rickets and that this rickets is 
characterised by: (1) inadequate mineralisation of 
osteoid (as in vitamin D-deficient rickets), and (2) 
reduced osteoblastic activity. 

The histology of Case 1 shows the osteoblasts to 
be fewer in number and forming considerably less 
matrix than in vitamin D-deficient rickets where 
there 1s normal or increased activity. This reduced 
osteoblastic activity would account for the pro- 
nounced osteoporosis. Osteoblasts appeared to be 
normal in Cases 2 and 3, but these infants had 
already been partly treated with phosphate; in 
other respects they resembled Case 1 and showed 
marked osteoporosis and disorganisation of the 
costochondral junction. In this connection osteo- 
porosis is an established accompaniment of familial 
vitamin D-resistant rickets.*-5 Moreover Villanueva 
et al.? obtained direct evidence of marked reduction 
of osteoblastic activity in vitamin D-resistant 
rickets using a double tetracycline labelling tech- 
nique. 

Another difference between the neonatal rickets 
cases and vitamin D-deficient rickets is the per- 
sistence of tongues of calcified cartilage in the 
primary spongiosa in the former. Similar findings 
were described in untreated vitamin D-resistant 
rickets,’ and in phosphate-deficient rats.? 

Confirmation that the bone changes in Case 1 
were due to hypophosphataemia is shown by the 
effects of treatment. Cases 2 and 3 who received 
adequate phosphate for some time before death 
showed normal osteoblastic activity, accompanied 
by the development of normal orderly lamellar bone 
on the previously formed disorderly woven bone. 
In this connection Engfeldt ef al.® described the 
formation of abnormal woven bone in vitamin D- 
resistant rickets. The mineralisation of osteoid 
showed a return to normal; this was particularly 
pronounced in Case 3 who had received prolonged 
treatment with phosphate Furthermore, there was 
reorganisation of the area of the primary spongiosa, 
and in Case 3 the beginnings of orderly normal 
endochondral ossification. 


Table Bone histology compared in vitamin D-deficient rickets and neonatal rickets 





Normal Vitamin D-deficlent Neonatal rickets 
controls rickets 
(n=9) (n—6) Case 1 Case 2 Case 3 
Costochondral junction 
Accumulation of osteold against cartilage plate Absent ++ Verylittls Verylittle Very little 
Calcified cartilage tongues in primary spongiosa Absent Absent of +f. 44 ++ 
Rib shaft 
Thickness of trabeculae Normal 1 h Lt H 
Thickness of osteoid seams Normal +4 4 + 1 
Proportion of trabeculae covered by osteoid (%)} 90 50 50 30 
Osteoblastic activity Normal + or normal ++ Normal Normal 
Cortical thickness Normal ü i i 


In conclusion, histological evidence is presented 
that rickets occurring in preterm infants intra- 
venously fed is qualitatively and quantitatively 
different from vitamin D-deficient rickets. Phos- 
phate deficiency may be an aetiological factor. 
Clinical supporting evidence for this will be pre- 
sented in a subsequent paper. 


We thank Professor I Doniach and Professor B 
Vernon-Roberts both formerly of the Department 
of Morbid Anatomy, London Hospital Medical 
College, for advice, Mr V Trenwith, Senior Tech- 
nician, for preparing the undecalcified sections, and 
Dr E M E Poskitt, Institute of Child Health, Alder 
Hey Hospital, Liverpool, for reading the manu- 
script. 
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Prostaglandins 1n human milk 


A LUCAS AND M D MITCHELL 


University Department of Paediatrics and Nuffield Department of Obstetrics and Gynaecology, 


John Radcliffe Hospital, Oxford 


SUMMARY Prostaglandins E and F have been shown to be present in breast milk in over 100 times 
the concentrations found in adult plasma. The ratio of the concentration of the principal circulating 
metabolite of prostaglandin F (13, 14-dihydro-15-ketoprostaglandin F) to prostaglandin F itself 
is low (0-3 to 0-5, compared with 15-8 in adult plasma), implying that prostaglandins may have 
a relatively long half-life in milk. In addition inactive metabolites of thromboxane A, and prosta- 
cyclin are also found in significant amounts. It is speculated that milk prostaglandins play a role in 
modulating neonatal physiology—for example, gut motility. 


Nutritive and antimicrobial aspects of human milk 
have received considerable attention. However, 
another, as yet unproved role for breast milk has 
emerged in recent years: milk may contain factors 
which modify or supplement physiological functions 
in the neonate. For example milk lipase! may assist in 
neonatal fat digestion, and hormones in milk—such 
as thyroxine*—may have biologically significant 
effects. We have been interested in the possibility 
that milk prostaglandins consumed by the breast-fed 
infant might influence neonatal physiology—for 
example, gastrointestinal motility—yet there is very 
little information about these important lipids in 
human milk. We have therefore measured in milk, 
concentrations of prostaglandin E (PG E), prosta- 
glandin F (PG F), together with 13, 14-dihydro-15- 
ketoprostaglandin F (PGFM), thromboxane B, 
(TXB,), and 6 ketoprostaglandin F,« (6 keto 
PGF.) which are inactive metabolites of PG F, 
thromboxane A,, and prostacyclin respectively. 


Methods 


10 healthy lactating mothers, who had had spon- 
taneous vaginal deliveries 5 to 7 days previously, 
consented to donate samples of foremilk and hind- 
milk which were manually expressed before and 
after a breast feed. These samples were immediately 
deep frozen and stored at —20°C until assayed. 

All prostanoids were measured by specific radio- 
immunoassays which have been described fully and 
validated elsewhere.?-5 

Statistical analyses were performed using non- 
parametric tests: Mann-Whitney rank sum test for 
unpaired data, and Willcoxon signed ranks matched 


pairs test for paired data. However, for ease of 
comparison the data are expressed parametrically 
as means and standard errors. 


Results 


Breast milk concentrations of PG E were 149 +- 37 
pg/ml (mean + SEM) in foremilk and 224 + 63 in 
hindmilk. Eight out of 10 paired samples showed a 
rise in concentration from foremilk to hindmilk 
(P«0-02). These levels were very significantly 
higher than plasma concentrations of PG E of 1:3 
-+ 0-1 in healthy adults (P 0-001) (Fig. 1). 

PG F concentrations were similar in foremilk and 
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Fig.1 Prostaglandin E and prostaglandin F (pg|ml + 
SEM) in human milk and adult plasma. 
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Table Prostanoid metabolites in human milk 
(pg/ml + SEM) 


Foremilk Hindmiuk Plasma 

n = IO no If n oc 5-1IO0* 
PGFM 192 + 71 214 + 86 53 +8 
TXB, 283 + 132 405 + 172 103 + 18 
6-Keto-PG F,., 222 + 57 218 + €6 115 + 24 


* Values from papers by Mitchell3-5. 
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Fig 2 PGFM/PG F ratio in human milk and adult 
plasma. 


Plasma 


hindmiük 425 + 152 and 671 + 322 pg/ml respec- 
tively and were greatly raised above the adult plasma 
level of 3.6 + 0:2 (P<0-001) (Fig. 1). PGFM 
concentrations were 192 + 71 in foremilk and 214 + 
86 in hindmilk, compared with 57 + 4 in adult 
plasma (P<0-01) (Table). Thus, the mean PGFM/ 
PG F ratios were 0-5 for foremilk and 0:3 for hind- 
milk, both substantially lower than the mean ratio 
in adult plasma of 15-8 (Fig. 2). Foremilk concentra- 
tions of TXB, and 6-keto-PG F,4 are shown in 
the Table and were similar to the maternal plasma 
values. TXB, was significantly higher in foremilk than 
hindmilk (P«0-02) but 6-keto-PG F4 levels did 
not change during the feed. 


Discussion 


Prostaglandins are found in almost every tissue of 
the body and have a great variety of physiological 
role. We have demonstrated that human milk 
contains large quantities of prostaglandins of the E 
and F series (PG E and PG F), which were present 
in over 100 times the amounts found in adult control 
plasma. 

These high concentrations might be explained 
simply on the basis of their lipid solubility, since 
human milk has a fat content of about 4 g/100 ml (40 
g/\). Alternatively, it is possible that prostaglandins 
are secreted actively by the breast. The low 
PGFEM:PG F ratio found in milk, compared with the 
ratio described previously in plasma,’ indicates that 
prostaglandins may not have been rapidly meta- 
bolised, a situation found in amniotic fluid. This 
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raises the interesting possibility that these potent 
lipids could survive long enough in milk to exert an 
effect on the neonate. 

It is thought that prostaglandins play a role in 
gastrointestinal motility. Both exogenous PG F, 
given to induce therapeutic abortion, and endo- 
genous overproduction of PG E and PGF have 
been described in association with diarrhoea." We 
have considered that ingested prostaglandins could 
also modulate gut motility. Pickles et a/.? thought that 
infantile diarrhoea might be due occasionally to 
excessive prostaglandin secretion into milk during 
menstruation, when maternal plasma levels of PG F 
may be raised, but it is possible that in the healthy 
breast-fed infant prostaglandins could assist peri- 
stalsis physiologically. P 

It is possible that differences in the pattern of bowel 
evacuation in breast-fed and bottle-fed infants could 
relate to differences in ingested prostaglandins. 
However, we have not studied prostaglandins in 
formula feeds, but PG F has been demonstrated to 
be present in substantial amounts in untreated cows' 
milk.? 

It is interesting that in the case of PG E and the 
metabolite of thromboxane A a, TXB,, the concentra- 
tion rose towards the end of the feed. This cannot be 
explained entirely on the basis of the increasing milk 
fat content during a feed since the other, prosta- 
glandins measured did not behave in this way. 

Two inactive metabolites, TXB, and 6-keto- 
PG Fia, were found in human milk at levels similar 
to those seen in control plasma. The presence of 
these lipids implies that milk contains, or contained, 
the parent compounds thromboxane A, and 
prostacyclin. Thromboxane A, is a powerful vaso- 
constrictor and aggregates platelets whereas prosta- 
cyclin is a potent vasodilator and inhibits platelet 
aggregation. Since we were unable to measure these 
active forms directly, their survival in human milk is 
unknown and it is a matter for speculation if these 
biologically important lipids could exert a ‘topical’ 
effect on the gut, or perhaps be absorbed sufficiently 
to have systemic effects on the infant. 


We thank Mrs J D Brunt for assay work and 
Professor A C Turnbull for advice and use of 
departmental facilities. 
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and M D M is a Medical Research Council senior 
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Acute haematogenous osteitis 


J R ANDERSON, J D ORR, D A MACLEAN, AND W G SCOBIE 
Department of Paediatric Surgery, Western General Hospital, Edinburgh 


SUMMARY During a 10-year period 217 cases of acute haematogenous osteitis were treated. In 131 
patients the diagnosis was confirmed either radiologically or bacteriologically, but in the other 86 the 
diagnosis was based on clinical examination. Either cloxacillin or lincomycin proved to be effective if 
given before bacteriological diagnosis. Frequent clinical examination, assessing both local signs and 
the child’s general state, will decide which child requires surgery (which should be reserved for the 
toxic child, the child with concomitant medical disorders lowering host resistance, and the child 
who does not respond to, or has a lesion which flares up after, initial conservative treatment). 
Constant vigilance is required by clinicians looking after children with this disease in order to reduce 


the disabling long-term sequelae. 


Although antibiotics have virtually eliminated the 
mortality associated with acute haematogenous 
osteitis, there is still an unacceptably high incidence 
of chronic infection, deformity, and disability. The 
virulence of the causative organism, the host 
resistance, delay in diagnosis, and inadequate 
treatment are all factors that should be considered if 
failure of primary treatment leads to complications. 
Rest, splintage, and antibiotics are now accepted as 
essential to the successful treatment of a child with 
osteitis. The place of surgery in management remains 
controversial. 

This paper reports the clinical features and 
management of 217 cases of acute haematogenous 
osteitis, and the experience gained in treatment is 
discussed. 


Patients and methods 


217 patients with acute haematogenous osteitis were 
seen at three Edinburgh hospitals during the 10-year 
period 1967-76. An analysis is made of factors that 
were relevant to success or failure in their manage- 
ment. We have included patients in whom a pre- 
sumptive clinical diagnosis was made; the reasons for 
this are discussed later. The criteria accepted for the 
diagnosis of osteitis were: (1) a raised temperature, 
(2) localised bone tenderness, (3) localised swelling. 
In addition, one of the following had to be present 
too: (8) erythema, (b) localised temperature increase, 
Or (c) decreased range of movement. 

Patients in whom the diagnosis was established 
had either positive blood cultures or abnormal x-ray 


appearances (periosteal new bone formation, cortical 
erosions, or metaphyseal cavities), or the diagnosis 
was confirmed at operation. The patients comprised 
131 established cases, and 86 in whom the diagnosis 
was presumptive. All patients had histories of less 
than 14 days and they were all under the care of four 
general paediatric surgeons. 


Results 
l 

154 of the 217 patients were boys, a male 
preponderance of 2:4:1 (2-1:1 in the established 
cases). The age and sex distribution is shown in Fig. 1. 

The average length of history before admission was 
3:5 (range 1-14) days. A history of trauma to the 
affected area was established in 79 (36°) patients, 
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Fig. Í Age and sex distribution. 
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and the finding of a septic focus was present in 23 
(11%). Sites of bone infection and the incidence for 
each site are shown (Table 1). In 3 patients more than 
one bone was affected: in 2 the tibia and fibula of 
the same leg, and in the third the tibia and contra- 
lateral fibula. 

The initial white blood cell counts (WBC) and 
erythrocyte sedimentation rates (ESR) are shown in 
Fig. 2. All but 8 patients were pyrexial on admission. 
The initial temperature, WBC, and ESR, whether 
taken singly or in combination, did not help to 
determine which patients should have surgery. 


Table 1 Incidence of NET affected and relationship 
to Surgery 
Site No of patients* No of operations 
Tibia 74 25 
Femur 62 19 
Humerus 22 7 
Calcaneum 18 5 
Fibula 15 8 
Uina 5 1 
Radius 5 0 
Metatarzals 5 0 
Clavicle 4 2 
| 3 Í 
Talus 1 1 
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Fig.2 Initial WBC, ESR, and temperature, and 
relationship to surgery. 


Blood cultures were obtained in 203 patients and 
were positive in 75. This represents 35% of all 
patients and 57% of the established group. The 
organisms are listed in Table 2. Staphylococcus 
aureus was isolated in 90 7; of positive blood cultures 
and was resistant to benzylpenicillin in 85 % of them. 

In 26 patients abnormalities were noted on the 
initial x-ray films, and 14 of them underwent surgery 
—10 within 48 hours and the other 4 within 4 days. 
Follow-up x-ray films showed evidence of osteitis in 
a further 67 patients. This finding was noted between 
8 and 21 days after admission in 63 cases, and was 
found later in the remaining 4. À total of 94 patients 
therefore had x-ray evidence of infection, 43% of the 
whole group and 71 % of the established group. 

All patients received antibiotics after the first blood 
cultures had been taken. The initial doses were given 
parenterally and changed to the oral preparations if 
there was good evidence of clinical response. 
Lincomycin was used alone in 71 patients and in 
combination with other antibiotics in a further 24. 
Cloxacillin was used in combination (usually with 
ampicillin) in 94 patients, and as the sole antibiotic 
in 18. Fusidic acid was used in 9 patients and 
gentamicin was used in a child with Escherichia colí 
infection. 

69 patients underwent surgery, 51 within 48 hours 
of admission. À further 15 cases were operated on 
between 2 and 4 days after admission, and the 
remaining three after 6, 8, and 12 days. 

In all but 4 patients medullary drilling was 
undertaken, as was drainage of any subperiosteal 
abscess. In these 4 subperiosteal drainage only was 
undertaken. Pus was found in 58 patients, and in 5 
of the remaining 11, swabs from the drill holes and 
medullary cavity grew pathogenic organisms. In 3 
patients the pus found at operation failed to yield 
organisms. S. aureus was isolated in 93% of positive 
cases and was resistant to benzylpenicillin in 90% of 
them (Table 2). Pus was found subperiosteally in 28 
patients, within the medullary cavity in 16, and in both 
sites in 14. Of the 51 patients operated on within 48 


Table2 Organisms isolated from culture of blood 
and pus found at operation 





Organism Bacterta isolated from 
Both sites Blood only Bone only* 

Staphylococcus aureus 

Penicilin-resistant 26 32 25 

Penicillin-sensitive 2t 8 4 
Streptococcus pyogenes II 3 0 
Streptococcus pneumoniae — 1 lt It 
Haemophilus mfluenzae 0 1 0 
Escherichta coli 1 0 0 





*In 9 patients pus fonnd at operation and bone swabs were sterile. 
+ tBoth organisms grown in one 


hours, bacteriological proof of the diagnosis was made 
only from the pus found at operation in 18 cases, all 
the blood cultures being sterile. In 3 patients the bone 
culture was sterile but blood cultures grew patho- 
genic organisms. In a further 3 cases neither source 
yielded bacteria. In the remaining 27 cases both sites 
grew the same pathogenic organism. 

In 8 patients the temperature on admission was 
normal and remained so. In 6 patients the initial 
recorded temperature was raised but no further 
information was recorded. 91% of patients with 
pyrexia had a normal temperature within 6 days of 
admission. No relationship between failure of 
treatment and the day the temperature became 
normal could be found. 

Seven patients developed septic arthritis, 6 after 
surgery. Four of these followed operations on the 
neck of the femur and the hip joint became affected. 
The other 3 affected the knee, the elbow, and the 
talocalcaneo-navicular joint. A further 23 patients 
developed sympathetic joint effusions which were 
sterile. 

Two patients had delayed wound healing but in 
neither was this a major problem and no sinuses 
developed. One patient developed septic shock after 
surgery, another an acute toxic psychosis, and one 
child developed a serious staphylococcal pneumonia 
from which she made a good recovery. Long-term 
temporary complications (that is, noninfective 
complications arising 3-9 months after admission 
which had resolved by 3 years) were noted in 4 
patients. In 2 this was limb lengthening and in 2 limb 
shortening, but within 3 years these abnormalities 
had resolved. 

In this series, 9 patients failed to respond to initial 
management and the reasons for this are listed 
(Table 3). Five developed chronic osteitis and one has 
required limb lengthening surgery. The other 4 
eventually recovered fully cured, but one of these 
children developed a Brodie’s abscess 5 years after 
her initial treatment. Two further patients each 
developed a Brodie’s abscess 3 years after his initial 
admission. Another child developed an acute 
flare-up 8 weeks after stopping treatment, and the 
final patient developed an intramedullary abscess one 
month after starting treatment. 

It was noted that in 3 of the failures who developed 
chronic osteitis, the ESR 3-4 weeks after presenta- 


Table 3 Analysis of failures 


Reasons for failure No of cases 
Delay in diagncsis and inadequate antibiotics 

Inadequate antibiotics and inadequate rmmobulisation I 
Inadequate surgery i 
Inadequate antibiotics I 

No obvious reason 4 
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tion had risen compared with the rate at admission, 
but had fallen in the other 6 patients. 121 patients 
had the ESR repeated between 3 and 4 weeks, and 
in 98 of these the level had fallen to below half the 
admission figure or had returned to normal. In the 
other 23 cases there were 7 of the 9 failures (the 
remaining 2 were the patients who each developed a 
Brodie’s abscess after 3 years), 6 of the 7 patients 
who developed septic arthritis, 4 of the patients with 
sympathetic joint effusions (18 of the 23 cases had 
repeat ESRs), and 6 patients who had a successful 
outcome and in whom there was no obvious cause 
for the increased ESR. : 


Discussion 


e 

Recent reports of childhood osteitis have included 
only patients where the diagnosis has been confirmed 
either bacteriologically or radiologically.!-?, We have 
deliberately included a number of patients in whom 
the diagnosis was made clinically because the initial 
management of this disease depends almost solely 
on clinical judgement. The diagnosis was established 
radiologically in only 26 (12%) patients on 
admission. The minimum time taken to establish a 
bacteriological diagnosis from blood cultures is 
24 hours. 51 of the 69 patients who underwent 
surgery did so within 48 hours of admission. In only 
10 of these was the diagnosis. established radio- 
logically and therefore the decision to operate on 
the other 41 was made on clinical grounds alone. 
The main indications for operation were a toxic 
child and increasing local tenderness. In a few 
patients a rising pulse and temperature despite 
antibiotics led to exploration. Six of the 10 children 
operated on with radiological abnormalities showed 
metaphyseal cavities and, in all, pus was found 
within the medullary cavity. 

S. aureus remains the predominant organism, with 
a high rate of resistance to benzylpenicillin. During 
the 10-year period under review no case' due to 
tuberculosis was seen. In the series reported; 9027 of 
the proved infections were caused by stapliylococci 
with 85% of organisms isolated from blood resistant 
to penicillin. These figures are similar to those 
presented by Blockey and McAllister.* Because of the 
time delay between taking cultures and obtaining 
results, treatment with antibiotics should be aimed 
primarily at this organism. 

Modification of any antibiotic regimen'can be 
instituted when the causative organism and its 
sensitivities are known. There were no significant side 
effects with any of the antibiotics. 

Antibiotic therapy was continued for 4 weeks in 
the mild cases but was continued for 6 or 8 weeks in 
all others. One child of 4 years presented with 
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osteitis of the upper tibia (proved radiologically) and 
was given antibiotics for only 3 weeks. He returned 
after a further 5 weeks with a flare-up in the same 
site. He was then given a full 8-week course and has 
remained well since. We disagree with Blockey and 
Watson? that antibiotics can generally be stopped 
after 3 weeks; we feel they should be continued for a 
full 6 weeks, as recommended by Mollan and 
Piggot.! 

There is currently a great range of ant: 
staphylococcal drugs available. Success in the 
treatment of acute haematogenous osteitis has been 
documented using  fusidic acid,? cloxacillin,f 
lincomycin, co-trimoxazole, and the cephalo- 
sporins.? In the series reported none of the staphy- 
lococci was resistant,to cloxacillin. Whichever 
antibiotic or combination of antibiotics is used in the 
treatment of osteitis, we believe that there are 3 main 
principles to be taken into consideration: (1) the 
initial doses should be high, (2) the initial doses 
should always be parenteral, and (3) they should be 
continued for an average of 6 weeks. 

A careful watch should be kept on organism 
sensitivities with reappraisal of any antibiotic policy 
periodically. From these data we have no reason to 
change our policy regarding lincomycin or cloxacillin 
as good ‘best-guess’ antibiotics. The incidence of 
Haemophilus influenzae osteitis in this series was low, 
and the routine use of ampicillin has now been 
dropped in favour of cloxacillin alone or in com- 
bination with fusidic acid. 

There were 4 failures in which inadequate anti- 
biotics were considered to be part of the reason for 
failure (2 were given lincomycin and 2 cloxacillin). 
In 2 of these there was delay in diagnosis, in one 
child 7 days’ delay and in the other 26 days. The child 
with the 7-day delay probably had an inadequate dose 
of cloxacillin and developed a sequestrum after 4 
months. The other child was admitted to a non- 
surgical ward as a case of pyrexia of unknown origin 
and was given antibiotics (including lincomycin) 
without a diagnosis having been arrived at. After 26 
days shé was noted to have a tender left femur and 
x-ray films showed gross destruction with a 
sequestrum. This was removed, and she slowly 
responded with new bone growth. She developed a 
pathological fracture after 6 months, necessitating 
further immobilisation and after 4 years was found 
to have 6 cm of shortening. She underwent leg 
lengthening with an excellent functional result. The 
child who had a short course of antibiotics has 
already been mentioned. The fourth child was given 
antibiotics sporadically by his mother after discharge 
and returned after 3 months with a sequestrum; 
after removal he made an uneventful recovery. 

The place of surgery and even the extent of surgery 


remain unresolved. Needle aspiration of sub- 
periosteal abscesses as advocated by Neligan and 
Elderkin® is inadequate. Weissberg et al.® advocate 
needle aspiration followed by drainage if pus 
is found. In their series of 17 neonates, drilling of 
bone was not necessary, but most authors stress the 
need for medullary drilling whether or not sub- 
periosteal pus is found. We would support this 
statement, 

Blockey and Watson? stated that operation needs 
be performed only if an abscess is present. In our 
experience it is almost impossible to detect an abscess 
without submitting the child to a general anaesthetic. 
16 of the cases operated on had pus within the 
medullary cavity only, and in this position an abscess 
will not be detected clinically. Nine children showed 
metaphyseal cavities on initial x-ray films and 6 
underwent exploration, pus being found in the 
medullary cavity in all. The remaining 3 cases were 
treated conservatively and 1 developed a Brodie's 
abscess after 3 years, having been well in the inter- 
vening period. The other 2 responded well to con- 
servative treatment without any complication. We 
would advocate exploration with antibiotic cover, 
as a metaphyseal cavity almost certainly implies 
intramedullary pus. 

Harris! stated that operation should be under- 
taken without delay in patients admitted with a 
history of longer than 48 hours. To adhere to such a 
strict timetable when the exact onset of symptoms 
can only vaguely be determined is wrong. Adherence 
to such a timetable also ignores two factors 
mentioned earlier—namely organism virulence and 
host resistance. In a child with a concomitant serious 
medical -disorder with poor host resistance an 
operation should be undertaken shortly after 
admission with antibiotic cover, irrespective of the 
length of history. 

Mollan and Piggot,! in their review, favour early 
surgery in all but the mildest cases, but we disagree 
with this. Urgent early surgery should be reserved fo: 
the severely ill child, or the child who has a metaphy- 
seal cavity on initial x-ray film. All other childrer 
should be treated conservatively with rest, splintage. 
and antibiotics. They must be reassessed at regula: 
intervals during the first few days in hospital, and ii 
local tenderness increases or if the child become: 
toxic, exploration should be undertaken withoui 
delay. 

Only one child had failure of primary treatmen 
due to inadequate surgery. This was a 5-year-old gir 
wbo underwent drainage of a subperiosteal absces: 
without medullary drilling. She developed chronk 
osteitis requiring further surgery and responded well 
After 5 years she returned with a Brodie's abscess 
There was one other failure which might have beet 
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avoided had early surgery been undertaken. Thus was 
the child who developed a Brodie's abscess 3 years 
later, but who had a metaphyseal cavity on initial 
x-ray film. In the other 3 children, no obvious cause 
for their failures could be found: 2 developed chronic 
osteitis, one having had surgery and the other having 
been treated conservatively. The other child 
developed a Brodie’s abscess 3 years after primary 
treatment. We have not been able to note any 
relationship between failure and initial temperature, 
ESR or WBC, and the day on which temperature 
became normal. If, after 3-4 weeks, the ESR is greater 
than half the rate at admission, in our experience, 
about one-third of these cases will progress to chronic 
osteitis. 


We thank Mr I S Kirkland, Mr F H Robarts, and 
Mr W H Bisset for permission to study their patients, 
and Dr B Watt for advice on the preparation of the 
manuscript. 
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Presenting features of thoracic neuroblastoma 


G R MCLATCHIE AND D G YOUNG 
Royal Hospital for Sick Children, Glasgow 


SUMMARY In a retrospective study carried out at the Royal Hospital for Sick Children, Glasgow, 
for the period 1952—79, 7 cases of primary thoracic neuroblastoma were identified. The average age 
at presentation was 2 years. Respiratory symptoms were the modes of presentation in 2 patients, 
neurological symptoms in 4, and urinary tract symptoms in 1 patient. Dilatation of the urinary 
tract was present in 2 cases, and a third had a normal urinary tract but previous infections. After 
a maximum of 27 years and a minimum of 20 months, 5 of the patients remain well. One child died 
as a direct result of her tumour, the other from an unrelated tumour 25 years after partial excision 
of his neuroblastoma. The better prognosis of primary thoracic neuroblastoma and the variability 


of presentation compared with neuroblastoma in other sites are stressed. 


Thoracic neuroblastoma accounted for about 7% of 
all primary neuroblastoma treated at this hospital 
during the 27-year period 1952—79. Neuroblastoma 
is a tumour of particular interest because it is known 
to arise from cells of the neural crest which possess 
the potential for maturation.^? It has also the 
capacity to secrete substances capable of producing 
autonomic effects but the mechanism by which this 
tumour produces diarrhoea is not understood.* * 
Although most children with neuroblastoma seek 
medical care because of the presence of an abdominal 
mass, bone pain, or orbital proptosis in addition to 
the general malaise, weight loss, fever, and failure to 
thrive,’ a number present with neurological signs. 
Weakness or paralysis of the lower limbs may be 
secondary to cord compression by tumour.? How- 
ever, myoclonic jerks which may be of abrupt onset 
are now recognised as part of a syndrome with 
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hidden neuroblastoma.? It was suggested too that 
this was an effect of the primary tumour itself and 
not due to secondary spread. The cases admitted to 
this hospital over the last 27 years have been 
reviewed to define the presentation and outcome of 
patients with primary intrathoracic neuroblastoma 
as this particular group is not well documented. 


Materials and methods 


The clinical and pathological case records were 
reviewed for 1952-79 and 7 cases of primary 
thoracic neuroblastoma were identified (Table 1). 
As the patients had no single pattern of signs or 
symptoms brief clinical summaries of each patient 
are presented. The 4-hydroxy-3-methoxy mandelic 


. acid (HMMA or VMA) excretion in the urine has 


been tabulated (Table 2). 


Table 1 „Presentation and outcome of patients with thoracic netroblastoma 


Case Age Sex Year of Presenting features Duration Outcome 
presentation of symptoms 
1 16 months M 1952. Progressive paraplegia 6 months Died 1977 
(unrelated cause) 

2 6 months F 1964 Respiratory infection I month Symptom-free 
Respiratory distress 

3 4i years F 1969 Horner’s syndrome. 3 months Died, December 1969 
Urinary tract infection 

4 34 years M 1976 Urinary tract infection. 3 weeks Symptom-free 
Ataxia 

5 2 years M 1976 Gross ataxia. 2 months Symptom-free 
Myoclonic jerks 

6 2 years M 1976 Pupil asymmetry. I year Symptom-free 
Facial oedema. 
Persistent watery diarrhoea. 
Urinary tract infections 

7 8 months M 1978 Clinical pneumonia 1 week Symptom-free 
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Table 2 Urinary catecholamine levels before and 
after the operation 





Urinary 4-hydroxy-3-methoxy mardelic acid 
(HMMA, VMA) (mg/g creatinine) 


Case Preoperative Postoperattve 

i Within normal Innits Within normal limits 
2 138-9 23.2 

3 12 0 Within normal limits 
4 27-0 95 

5 11 0 66 

6 Within normal limits Within normal lHim:ts 
7 17-0 31 


Normal levels, up to 10 mg/g creatinine. 


Case reports 


Case 1. Presenting feature: progressive paraplegia. 
In April 1952 a 16-month-old boy was admitted to 
a neurosurgical unit for investigation of paraplegia 
which had progressed over 4 months. He was known 
to have congenital defects of D11 and D12 with 
scoliosis at birth and lower limb weakness. Myelo- 
graphy confirmed a block at D7 level and chest 
x-rays showed a left intrathoracic mass. He was 
transferred to this hospital for removal of his chest 
mass. At thoracotomy a large dumb-bell tumour 
adherent to the vertebrae and compressing the 
spinal cord, with pleural secondaries, was en- 
countered. An extensive resection and decom- 
pression were performed but the secondaries were 
too widespread for removal. The tumour was con- 
firmed histologically to be a neuroblastoma. He 
received local megavoltage radiotherapy. Sub- 
sequently he regained some of the power of his 
limbs and when the family moved to Leeds in 1962 
after several orthopaedic procedures he was mobile 
with calipers. He died in 1977 from an unrelated 
intra-abdominal] tumour. 


Case 2. Presenting features: respiratory infection 
and respiratory distress. In late 1964, a 6-month-old 
girl was transferred from a neighbouring hospital in 
respiratory distress. She had been admitted with a 
cold and nasal discharge of 1 week's duration. How- 
ever, chest x-rays showed a left spontaneous pneumo- 
thorax with a large opacity in the upper mediasti- 
num. Urinary VMA levels were 138-9 mg/g (79-3 
umol/mmol) of creatinine. This lesion was excised 
through a right thoracotomy and confirmed to be a 
neuroblastoma. Urinary VMA levels immediately 
dropped to 23-2 mg/g (13-4 umol/mmol) of 
creatinine. Her postoperative follow-up included 
3000 rad of local radiotherapy over a 5-week period 
in conjunction with weekly intravenous injections of 
vincristine. She remains well on no further treatment. 


Presenting features of thoracic neuroblastoma 959 


Case 3. Presenting features: Horner’s syndrome and 
urinary tract infection. A 44-year-old girl presented 
with a left-sided Horner's syndrome worsening over 
a 3-month period. She also had a urinary infection 
on admission which was successfully treated with 
co-trimoxazole (Septrin) Intravenous pyelogram 
was normal but chest x-rays showed a large opacity 
in the left upper field which suggested a neuro- 
blastoma. Her preoperative VMA level was 12 mg/g 
(6-9 umol/mmol) of creatinine, which was’ slightly 
raised. A large neuroblastoma was removed at 
thoracotomy in April 1969. There was no evidence 
of metastases. She then received local radiotherapy 
and combination chemotherapy—cyclophospha- 
mide, prednisolone, and vincristine which she 
tolerated poorly. In Octobe 1969 she was readmitted 
with abdominal pain, nausea, and bruising. Her 
liver was now enlarged and marrow biopsy con- 
firmed extensive infiltration with neuroblastoma 
cells. Skull x-ray suggested that secondary deposits 
were present in the frontal region. Despite further 
chemotherapy including methotrexate she died in 
late December 1969. A necropsy examination was 
not carried out as consent was refused. 


Case 4. Presenting features: urinary tract infections 
and ataxia. A 34-year-old boy presented with a 
urinary tract infection in September 1976 and at 
that time an abnormality of his gait was noted. The 
urinary tract infection was treated but when he 
returned for follow-up a left thoracic tumour was 
found, By this time he had marked staggering which 
was worsening. Myelography showed a complete 
obstruction at the upper border of the 7th thoracic 
vertebra with the cord displaced to the -right. A 
skeletal survey confirmed partial collapse of the 
upper lobe of the left lung with destruction of the 
necks of the 5th and 6th ribs on the left side. There 
was also destruction of the neural arches of the 4th 
and 5th thoracic vertebrae on the left side. In view 
of the rapid growth an initial trial of vincristine was 
given but the neurological signs progressed. It was 
then decided that decompression of his cord and, if 
possible, removal of the mediastinal lesion be 
attempted. At operation spinal decompression was 
performed initially and extended to thoracotomy. 
The large thoracic tumour which had encircled the 
trachea and aorta and displaced the oesophagus to 
the right was excised. The deformed ribs "were 
removed and histological examination showed 
small nests of neuroblastoma within the marrow. 
Postoperatively his HMMA level fell to 14:5 mg/g 
(8:3 umol/mmol) of creatinine after 3 weeks from 27 
mg/g (15:4 umol/mmol), and to 9-5 mg/g (5:4 
umol/mmob of creatinine after 4 weeks. His further 
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management consisted of chemotherapy in the form 
of vincristine, adriamycin, and cyclophosphamide 
for 1 year. He remains well, having made an almost 
complete neurological recovery. 

The investigation of his urinary tract showed that 
there was pronounced dilatation of both upper renal 
tracts with bilateral hydronephrons and hydroureter. 
Because of the appearances of uretero-vesical 
obstruction he underwent ureteric reimplantation 
after resection of the distal ureters in March 1977. 


Case 5. Presenting features: gross ataxia and 
myoclonic jerk. À 2-year-old boy presented with a 
2-month history of irritability and unsteadiness on 
his feet as a consequence of which he preferred to 
remain lying down. It «was also noted that he had 
nystagmus, several left-sided myoclonic jerks, and 
that he was ataxic to such a degree that he was now 
unable to walk or stand. After full neurological 
investigation including computerised tomography 
scans, myelography, and lumbar puncture he was 
noted to have a slightly enlarged 4th ventricle, but no 
other positive findings were shown at this time. The 
myoclonic jerks were becoming worse. On his 
transfer to this hospital he was found to be grossly 
ataxic with peculiar eye movements 'dancing eyes'. 
Routine chest x-rays showed a thoracic neuro- 
blastoma in the left lower chest. On 10 June 1976 
this was excised with the para-aortic glands which 
were shown to be unaffected. He received a post- 
operative course of radiotherapy to the lower 
thoracic region. After the operation his HMMA 
level fell from 11 mg/g (6:3 umol/mmol) to 6-6 
-mg/g (3-8 umol/mmol) of creatinine and his general 
response to excision of the tumour was also remark- 
‘able. His myoclonic jerks decreased and his motor 
control improved. He was able to sit and subse- 
‘quently to walk again. His initial striking improve- 
ment was not maintained and he required treatment 
with corticosteroids to control his neurological 
sequelae. The prednisolone was gradually reduced 
during the next 3 years and he has no residual 
‘problems. | 


Case 6. Presenting features: pupil asymmetry, facial 
oedema, persistent watery diarrhoea, and urinary 
tract infections. A 2-year-old boy having previously 
suffered from recurrent urinary tract infections was 
admitted to this hospital in June 1976 for investiga- 
tion of facial oedema and intermittent watery 
‘diarrhoea, both of which had been present for about 
1 year. His parents also reported that his pupils had 
each been a different size for some considerable time 
and had had ophthalmological consultation. Al- 
‘though his diarrhoea settled from time to time his 


stools were never formed. At routine chest x-ray a 
partially calcified mass was noted in his right upper 
chest. The report suggested a diagnosis of thoracic 
neuroblastoma with superior vena cava obstruction. 
Catecholamine excretion was normal and intra- 
venous pyelogram confirmed a degree of bilateral 
hydroureter. The mass was removed completely at 
thoracotomy and confirmed to be a neuroblastoma 
containing numerous mature and nearly mature 
ganglion cells. During the excision the right sym- 
pathetic chain was divided. 

His postoperative improvement was striking: his 
facial oedema subsided and his bowel motions 
immediately became normal. He received no radio- 
or chemotherapy, and remains well and symptom- 
free. 

His right-sided Horner’s syndrome is improving 
with time and his most recent pyelogram showed a 
normal renal tract. 


Case 7. Presenting feature: clinical pneumonia. An 
8-month-old boy presented with clinical pneumonia 
which resolved with appropriate treatment. The 
clinical suspicion had been confirmed radiologically 
but a fortnight later the films suggested a solid mass 
in the upper part of the right pleural cavity. This was 
confirmed at thoracotomy to be a neuroblastoma. 
The hard tumour mass was present in the upper 
posterior aspect of the pleural cavity close to the 
superior vena cava, After the operation his HMMA 
levels fell from 68 mg/g (38-8 umol/mmol) on the 
day of the operation to 6-0 mg/g (3: 4 umol/mmol) of 
creatinine thereafter. The tumour was resected but 
small residual fragments may have been left at the 
apex of the pleural cavity. Postoperatively he had a 
satisfactory recovery although he developed a 
right-sided Horner's syndrome after division of the 
right sympathetic chain. Histology confirmed this 
to be a neuroblastoma and he received a course of 
radiotherapy. He remains well with no evidence of 
recurrence of his tumour. He continues to be followed 
up. 


Discussion 


Of 7 patients who presented during the 27-year 
period, neurological signs were present in 5 (Cases 1, 
3, 4, 5, and 6). Some of these signs can be attributed 
to the physical presence of the tumour with the 
resultant pressures. Thus, Horner's syndrome or 
progressive paraplegia can result. However, the 
movement disorders— such as cerebellar ataxia, 
myoclonic jerks, and nystagmus—are thought, in 
the absence of metastasis, to be produced by the 
primary tumour itself. In two patients (Cases 4 and 


5) the movement disorder either disappeared or 
improved when the primary tumour was removed 
but 2 patients with ataxia and nystagmus described 
by Senelick e; al.? continued to have exacerbations 
of their ataxia even after the tumours had been 
excised. The mechanism underlying the remote 
damaging effect of cancer on the nervous system is 
not clear and one can only speculate about the cause 
of such movement disorders. One theory suggests 
an antigen-antibody complex which damages the 
nervous system, and a second suggests excessive 
release of toxic metabolites from a neuroblastoma.!? 

Two children (Cases 2 and 7) presented with 
respiratory symptoms—Case 2 with respiratory dis- 
tress, and Case 7 with an unresolved pneumonia. 
Routine chest x-rays confirmed the presence of a 
mediastinal mass in each. 

Although the patient who presented with per- 
sistent watery diarrhoea had no biochemical studies 
performed to identify an increased concentration of 
vasoactive intestinal peptide we feel that th» im- 
mediate change of bowel habit after operation lends 
weight to the suggestion that neuroblastoma can be 
an ectopic source of endocrine secretions. 

Three patients (Cases 3, 4, and 6) had urinary 
tract infections at the time of their presentation and 
in 2 (Cases 4 and 6) the intravenous pyelogram 
showed bilateral hydronephrosis and hydroureter. 
Ureteric reimplantation was necessary in one patient; 
spontaneous resolution to normal occurred in the 
other. The urinary system can be affected in neuro- 
blastoma by direct extension of the tumour or 
metastasis. To our knowledge however, none of 
our patients had extension of tumour to the urinary 
tract. We therefore, suggest that dilatation of the 
urinary system may be a distant effect of neuro- 
blastoma. 

The most striking feature of this study of medias- 
tinal neuroblastoma is the very low mortality rate. 
After a minimum of 20 months and a maximum of 
25 years, 6 (86%) of the patients are alive and well. 
Five of these children were under 2 years at the time 

of diagnosis. It is a common experience in many 
centres that the overall survival rate is inversely 
proportional to age. The influence of age presents a 
paradox for which no adequate explanation is 
available since although cell maturation apparently 
occurs more completely with advancing age, spon- 
taneous regression is virtually unknown in tumours 
appearing after the age of 2 years." 12-18 

A better prognosis has also been observed in 
patients with mediastinal primaries. Our cases 
verify this observation but once again, the main 
factor may be age since 5 (71%) of the 7 patients 
reviewed were under 2 years old. 
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The presence of bone metastases also indicates a 
poorer prognosis. The single child in our study 
who had extensive bony secondaries succumbed, but 
other children with large primary tumours, Horner's 
syndrome, or erosion of ribs or thoracic. vertebrae 
survived despite incomplete excision of the tumour. 


This child received more-intensive chemotherapy 


than the other children in this series” without 
response and tbe possibility of chemical immuno- 
suppression affecting endogenous defence mechan- 
isms may be implicated. 

Thoracic neuroblastoma is a rare tumour which 
can present in an unusual manner. Every infant and 
young child who exhibits a movement disorder or 
peculiar nystagmus that cannot be readily explained 
should be handled as though he had a neuroblastoma 
and careful estimations of. VMA in urine samples 
should be carried out. Horner's syndrome, pro- 
gressive paraplegia, and persistent watery diarrhoea 
in the absence of other symptoms also require this 
consideration. In our patients chest x-ray was the 
most useful investigation but a full physical examin- 
ation with intravenous pyelography, bone marrow 
aspiration, and skeletal survey should also be 
carried out. 


We thank the Records Department, Royal Hospital 
for Sick Children, for tracing the case reports of 
these patients, and Mrs K Wright for preparing the 
manuscripts. 
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Short reports 


Prostatic calcification in a 4-year-old boy 


ASAL Y IZZIDIEN 


Department of Surgery, Medical College, Ninevah, Iraq 


SUMMARY The unusual finding of prostatic calci- 
fication in a 4-year-old boy is reported. 


A 4-year-old boy was admitted to hospital com- 
plaining of recurrent abdominal pain, He had not 
had any overt urinary symptoms. His mother stated 
that he had been treated for rickets in the past, 
receiving unknown quantities of vitamin D and 
calcium. 


Case report 
Physical examination showed nothing abnormal, 


except that on rectal examination firm nodules could 
be felt in the region of the prostate. Urine culture 
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Fig. 1 Plain x-ray showing two radio-opaque stones, one 
in right ureter and the other in the prostate gland. 
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grew Escherichia coli. All other investigations were 
normal; these included serum calcium (2:0, 2:3, 2:3 
mmol/l) and phosphorus (1-2, 1:3, 1-0 mmol/l): 

A plain x-ray (Fig. 1) showed two opacities; 
these were thought initially to be calculi lying in the 
right ureter and in the bladder. A urogram icon- 
firmed the ureteric stone, and urethrography (Fig. 2) 
showed that the lower opacity represented the 
prostate. 

At operation, ureterolithotomy with exploration 
of the bladder, the prostatic calcification was! con- 
firmed. | 

Postoperative recovery was uneventful and the boy 
was well on discharge. 

Analysis of the ureteric stone showed the follow- 
ing: weight 262 g, volume 0-136 cm?; chemical 


composition —magnesium, phosphate, ammonium, 
uric acid, and calcium. 


i 
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Fig.2 TUUM Showing the dye in the anterjor 
urethra, the prostatic urethra is outlined by air. | 
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Discussion 


In adults prostatic calcification is often found in 
association with prostatic hypertrophy. Fox! re- 
viewed 3510 patients who had been examined radio- 
logically and found that 484 (13:897) had prostatic 
calculi, the youngest patient being 16 years. 

The history of rickets in this patient for which 
unknown amounts of vitamin D and calcium had 
been given might explain the prostatic calcification, 
as this is most unusual in so young a patient. The 
child was symptom-free when he came to our 
surgical unit and there was no sign of back pressure 
from either the prostatic calcification or the ureteric 


stone. Whether this boy will have any future com- 
plications from his prostatic calcification remains to 
be seen. 


I thank Dr Modhafer Saeed for referring the patient, 
and Dr Issam Al-Hatem for performing the radi- 
ology. 
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Late presentatidn of vitamin D-dependent rickets 


JENNIFER COWEN AND F HARRIS 


Department of Child Health, Alder Hey Children's Hospital, Liverpool 


SUMMARY An _ 8-year-old girl presented with 
rickets. This had developed despite a normal diet and 
in the absence of symptoms, signs, or laboratory 
evidence of malabsorption, hepatic or renal disease. 
The rickets healed with physiological doses of 
1-g-hydroxy-cholecalciferol. It is suggested that this 
case provides evidence for genetic and metabolic 
heterogeneity in vitamin D-dependent rickets. 


Vitamin D-dependent rickets (pseudo deficiency 
rickets) is a rare but well recognised inborn error of 
cholecalciferol (D,) metabolism, which presents 
classically in the first year of life. Prader et a/.1 were 
the first to describe infants with muscular hypotonia, 
retarded growth and development, hypocalcaemic 
tetany, and severe rickets. Such patients have low 
concentrations of serum calcium, low or normal 
serum inorganic phosphate, raised serum alkaline 
phosphatase, high serum parathormone, and a 
geheralised aminoaciduria. The underlying defect is 
thought to be an inability in the kidney to achieve 
hydroxylation of 25 (OH) cholecalciferol to 1,25 
(OH), cholecalciferol. This is inherited as an 
autosomal recessive. Recently it has been suggested 
that the condition 1s heterogeneous and that there 
may be more than one defect in the metabolism of 
25 (OH) D, to 1,25 (OH), D, and its subsequent 
action on the gut. The patient reported here pre- 
sented relatively late and lends some support to the 
latter hypothesis. 


Case report 
This 84-year-old white girl presented with a short 


history of fever, paraesthesia in her fingers, and 
tetany. No other symptoms were elicited. Her diet 
was normal. Her past medical history was normal, 
except for gross obesity in infancy. Weights recorded 
at the local welfare clinic include 10:5 kg at 4} 
months, 14 kg at 10 months, and 16-4 kg at 16 
months. The diet consisted of full cream Cow and 
Gate milk at 5 months and a good mixed diet 
thereafter. On examination she was febrile, with a 
red throat, and cervical lymphadenopathy. She 
exhibited carpopedal spasm but Chvostek's sign was 
negative. There was no clinical evidence of rickets, 
enamel hypoplasia, or muscle hypotonia. She was 
above the 50th centile for height and the 90th centile 
for weight. Her father is 188 and her mother 156-7 
cm tall. No other abnormality could be detected. 

Her tetany responded rapidly to 20 ml of 10% 
calcium gluconate given intravenously. Blood was 
then taken for analysis (Table). Her urine chromato- 
gram showed gross generalised aminoaciduria. She 
showed no proteinuria or glycosuria. X-ray films of 
the left wrist and hand showed active rickets, with no 
evidence of hyperparathyroidism. 

Further investigation did not show any bio- 
chemical evidence of malabsorption, nor any sign of 
renal or hepatic disease (Table). The patient was 
started on 10000 units of calciferol BP and 8 g calcium 
gluconate daily (Figure). She remained asymptomatic. 

After 3 weeks of treatment her serum calcium was 
2:09 mmol/l (8:4 mg/100 ml) and her serum 
inorganic phosphate 2-02 mmol/l (6:1 mg/100 ml). 
The aminoaciduria had resolved and x-ray films 
showed some bone healing. The calciferol was 
stopped and her biochemistry promptly deteriorated: 
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Table Results of some investigations 





Patient Normal 
Serum 
Calcium i 6 mmol/l 
Phosphate 1 7 mmol/l 1 1-1 9 mmol/l 
Alkaline phosphatase 28 KA units 
Magnesium 0 80 mmol/l 
Serum parathormone 5 ng/cm? Less than 1 O ng/cm? 
25-Hydroxy-vitam:n D3 14 I ng/ml 4—20 ng/ml 
Haemoglobin 12 9 g/dl 
Urea and electrolytes Normal 
Plasma bicarbonate 24 mmol/l 
Serum creatinine 70 pmol/l 
Total serum protein 68 g/l 
Albumin 43 g/l 
Serum aspartate 


transaminase Less than 10 IU/i 
Xylose and glucose 

tolerance tests 
Blood gases (finger prick) 


Normal response 


pH 7 37 

Pco, 41 mmHg 

Base excess — | mmol/l 

Standard bicarbonate 23 mmol/l 
Urine osmolality 409 mmol/kg 
Midstream unne No growth 


Conversion SÍ to traditional units— calcium 1 mmol/1:4mg/100 ml, 
phosphate 1 mmol/l œ~ 3 09 mg/100 ml, magnesium i mmol/1«2 4 
mg/100 ml, creatinine 1 mol/l e0 0113 mg/100 ml 


Within a month her calcium had fallen to 1-89 
mmol/l (7:5 mg/100 ml) with a corresponding rise of 
her alkaline phosphatase to 43 KA units. Four days 
after restarting calciferol 10 000 units a day, after a 
3-month period without any treatment, her 25 
(OH) D, was 163 ng/ml and her parathormone 
10 ng/cm.? Calciferol 10 000 units per day was 
continued. After one month of treatment there was 
again an improvement in her serum calcium to 
2:3 mmol/l (9.2 mg/100 ml) The calciferol was 
withdrawn once more and during the next 2 months 
the child's calcium fell to 1-79 mmol/l (7:2 mg/100 
ml). At this time her plasma parathormone was 
10 ng/cm?, and her plasma 25 (OH) cholecalciferol 
was 51-0 ng/ml, both above the upper limit of the 
normal range. The patient was started on 0-5 ug 
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1-a-hydroxy-cholecalciferol (one-alpha, Leo) daily. 
This dose was subsequently increased to 1 ug daily 
She has been on this treatment for 11 months and has 
remained well with normal biochemistry. Thereiis no 
radiological evidence of rickets. Recent investigations 
show serum calcium 2:38 mmol/l (9:5 mg/100 ml), 
phosphate 1 96 mmol/l (6:0 mg/100 ml) and 
alkaline phosphatase 26 KA units. Her urinary 
amino-acid pattern is normal. Serum parathormone 
was 1:7 ng/ml, measured after 5 months' treatment 
with 1 ug 1-«-hydroxy-cholecalciferol. 


Discussion 


The history, biochemistry, and clinical course of this 
child show that her rickets was not due to nutritional 
deficiency of vitamin D, malabsorption, or to chronic 
renal or hepatic disease. Although coeliac disease and 
other malabsorption states cannot be ruled out with- 
out further investigation, it is felt that these tests were ` 
not indicated in the face of such evident wellbeing, 
growth, and development. Furthermore, the child's 
response to an oral physiological dose of 1a-hydroxy- 
cholecalciferol provides good evidence against these 
conditions. She lacks the features essential for familial 
hypophosphataemic rickets. Thus the most likely 
diagnosis is a mild variant of vitamin D-dependent 
rickets. It has been suggested that the primary 
defect is a failure of iœ hydroxylation of 25 
OH D, in the kidneys, so such patients should 
respond to large doses of calciferol ,or to 
physiological doses of 1,25 (OH), D, However, 
heterogeneity of the condition has been suggested by 
the variable response of 3 patients to dihydro- 
tachysterol. One child responded well to dihydro- 
tachysterol but 2 others, who were brothers, did not 
respond at all. Consequently it was concluded that all 
patients with this syndrome did not necessarily have 
the same’ autosomal recessive trait and ‘that the 
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metabolic block is differential and variable’. Balsan 
et al.? thought that the slightly greater requirement of 
patients with vitamin D-dependent rickets for 
l«-hydroxy D, compared with vitamin D-deficient 
patients threw some doubt on the site and type of the 
metabolic block in the former condition. They sugges- 
ted that this might be due to factors related to the 
severity of 25 hydroxy D, 1-x-hydroxylase deficiency. 

In infants of similar age and size Balsan et al.4 
reported a range of dosage requirements of 
cholecalciferol (D4) from 600 to 7660 ug daily. 
Although most patients with vitamin D-dependent 
rickets who have been described so far have required 
large doses of cholecalciferol, Rosen and Finberg? 
mentioned one child who was maintained on 1000 
IU/24hours (20 ug) 25-OH D,. 

It might be expected that if the defect were less 
severe the presentation of affected patients would be 
later, and this is borne out to some extent in the 
reports.' The majority of patients who have been 
reported were between 1 month and 2 years when 
they first came to medical attention and they have 
required up to 100 000 IU (2:5 mg) D, daily. The 
patient of Rosen and Finberg,? who required 3500 
IU (87-5 ug) D, daily, did not present until he was 
aged 44 years when his main symptom was clumsiness. 
An even older patient (14 years) in that series was 

b 


investigated because he was the sibling of an 
affected infant. He was maintained on a relatively 
small dose of 5000 IU (100 ug) 25-OH D, daily. 

It would seem that our patient has relatively mild 
disease and therefore presented late. Nevertheless, in 
common with more severely affected individuals she 
requires the physiological dose of 1 ug 1-a-hydroxy- 
cholecalciferol daily. 
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Zinc-dependent chemotactic defect in an infant with acrodermatitis 


L BUSINCO, A M MENGHI, P ROSSI, R D'AMELIO, AND E GALLI 
First Department of Paediatrics and Second Department of Infectious Diseases, University of Rome 


SUMMARY A S-month-old infant developed acro- 
dermatitis enteropathica when weaned from breast 
milk to cows' milk. Plasma zinc concentration 
was low. T- and B-lymphocyte functions were 
normal, but there was a severe defect of neutrophil 
chemotaxis. Oral treatment with zinc sulphate 
(40 mg daily) induced an immediate clinical improve- 
ment, with restoration of normal plasma zinc level 
and complete correction of neutrophil chemotaxis. 


Acrodermatitis enteropathica (AE) is an autosomal 
recessive inherited disorder characterised by diar- 
rhoea, failure to thrive, anorexia, a vesiculobullous 
eruption around the mouth, anus, hands, and feet, 
alopecia, photophobia, paronychia, and high sus- 
ceptibility to Candida albicans and Pseudomonas 
aeruginosa infections. The disease can appear when 
the infant is weaned from breast milk to cows' 
milk. In the untreated child death results from 
overwhelming infections, superimposed on a chronic 


marasmic state. Until a few years ago treatment was 
empirical, and consisted of breast-milk feeds and the 
oral administration of  halogen-substituted 8- 
hydroxy-quinolines.! In 1975 Moynahan? reported 
low levels of zinc in the plasma of AE patients and 
the successful treatment of the disorder with oral 
zinc salts, which brought about both an increase in 
the plasma zinc and clearance of symptoms. Eckhert 
et al.? suggested that the disorder might be related 
to zinc metabolism, with low quantities of certain 
zinc-binding ligands of low molecular weight, which 
are essential for the absorption of the metal, and 
protect it from chelation by other dietary components. 
The immune system of affected children has shown 
various anomalies: delayed-hypersensitivity skin 
reactions negativity, lack of serum IgA and IgM 
and, more recently, neutrophil and monocyte 
chemotaxis defect.** 

We report an infant with AE who also had a 
severe neutrophil chemotaxis defect in the presence 
of normal intrinsic motile capacity. À striking 
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clinical improvement was observed after administra- 
tion of zinc sulphate, 40 mg a day orally. Complete 
recovery of directed cellular motility was also 
demonstrated. 


Materials and methods 


T- and B-lymphocytes were evaluated as reported 
previously.’ Leucocyte motile function was assessed 
by the agarose migration test of Nelson ef al.§ 
with modifications.? The migration index (MI) 
and the random migration index (RMT) were mea- 
sured by the following formulae: MI--(number of 
chem cells—number of RM cells) x (chem D— 
RMD)/100 
RMI--RM cells x RMD/100 
In which, number of chem cells —number of cells 
migrated towards the attractant stimulus 
Number of RM cells —number of cells migrated 
towards the control well 
Chem D=maximum distance of migration 
RMD =random migration distance 
Normal values: MI 522 + 222, RMI 186 + 122. 
The bactericidal assay was assessed by the method 
of Quie using Staphylococcus aureus as a test strain ;!? 
the results were expressed as the percentage of 
bacteria still viable after 120 minutes of incubation 
with neutrophils. Opsonisation, phagocytosis, and 
candidacidal activity were estimated by a micro- 
method previously described.“ Zinc was analysed by 
atomic absorption spectrometry.” 


Case report 


A 6-month-old white boy had been born at term, 
weighing 3100 g. He had been exclusively breast fed 
for 3 months. Then, after starting cows' milk feeds, 
he gradually developed intractable diarrhoea, 
alopecia, and vesiculobullous lesions, and failed to 
thrive. He was admitted to two different hospitals 
with the diagnosis of epidermolysis bullosa. At 5 
months, when he was admitted to this paediatric 
department, his weight was 4:5 kg (normal for 
an infant of 45 days) he was weak, apathetic, 
irritable, and anorectic. There were erythematous 
and vesiculobullous lesions on the face, trunk, and 
extremities, and in the perianal region. He lacked 
eyebrows and scalp hair. Oral candidiasis and severe 
paronychia of the fingers and toes were present. 
Routine laboratory examinations were all normal. 
Serum zinc level was 52 ug/100 ml (normal 103 
+ 9 ug/100 ml for infants of this age). 


Immune system. 


Specific cellular immunity 
The delayed skin test responses were as follows: 


Candida ++, SK-SD +, PPD —. Lymphocyte 
mytogenic response to PHA was normal. Peripheral 
E-rosette-forming cells were 66% and 1247/mm?. 


Humoral immunity 

Serum immunoglobulin levels, IgG 560 mg/100 ml, 
IgA 30 mg/100 ml, and IgM 188 mg/100 ml. Total 
serum IgE 5 IU; specific IgE for cows’ milk and 
egg were absent. Ig surface-bearing lymphocytes 
were 6%. 


Inflammatory response 

Neutrophil cellular chemotaxis was almost absent, 
while random locomotion was normal, the RMI 
value being 110. Humoral chemotaxis, opsonisation, 
phagocylosis, and candidacidal and bactericidal 
activities were all normal. e | 


Clinical course. The baby was treated with daily 
oral doses of 40 mg zinc sulphate. Within à few 
days the anorexia and listlessness had disappeared, 
the diarrhoea ceased, and he began to gain weight. 
The skin and nail lesions gradually resolved. In 2 
months he gained 3 kg. Plasma zinc level and 
neutrophil cellular chemotaxis became normal 
(Figure). After 2} months the zinc medication was 
stopped: the cellular chemotaxis defect reappeared, 
while random mobility was normal (RMI 95); 
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Figure Plasma zinc levels, polymorphonuclear 
neutrophil cellular chemotaxis, and weight in an 
infant with acrodermatitis enteropathica treated with 
zinc S04. 
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plasma zinc gradually decreased, and the skin lesions 
recurred after 6 weeks. Treatment with zinc was then 
reinstituted and the symptoms and signs again 
reversed: most of the skin lesions cleared within 2 
weeks, and neutrophil chemotaxis and the plasma 
zinc level returned-to normal (Figure). Random 
locomotion was normal at all times., 


Discussion 


Experimental and clinical studies have shown that 


zinc plays an important role in some immunological, 


functions, particularly cellular immune response.? ! 
The relationship between zinc and immune response 
has yet to be clarified; zinc is an essential component 
óf more than 40 metalloenzymes— such as deoxy- 
ribonucleic acid, ribofucleic acid-polymerase, and 
thymidine kinase. This role of zinc in nucleic acid 
metabolism and protein synthesis may explain the 
relatively high zinc requirement of the faster turn- 
over cells such as the cells involved in immune 
response. Investigations of the immune system in our 
infant, in the presence of the zinc deficiency, showed 
normal numbers and function of T- and B-lympho- 
cytes, with a.severe defect of neutrophil cellular 
chemotaxis: in vitro . assays of other .neutrophil 
functions (random motility, phagocytosis,- and 
bactericidal activity) remained unaffected. This 
dissociation between normal random motility and 
impaired chemotaxis must be stressed. There is 
growing evidence that various cellular mechanisms 
may enhance the ability of neutrophils to move 
spontaneously and to move towards attractant 
molecules? Recent studies suggest that while 
functioning microfilaments are probably necessary 
for neutrophil migration, intact microtubules are 
essential for normal pseudopod formation and 
orientation, and for maximal unidirectional migra- 
tion during chemotaxis.!* To quote Repo: ‘In a 
true chemotaxis ` defect directional response is 
impaired while spontaneous locomotion of the cells 
may-be not'!? Furthermore, zinc seems to be 
involved in microtubule function? and its deficiency 
could explain the impairment of cellular motile 
response to a chemoattractant stimulus observed in 
AE patients. This hypothesis is in keeping with the 
obvious relation between zinc sulphate intake and 
the correction of neutrophil mobility function seen 
in the present case and reported in another. When 
treatment with zinc was stopped, tbe cellular 
chemotaxis defect reappeared in the absence of any 
other detectable immunological abnormality; zinc 
plasma level, decreased after 4 weeks, and skin 
lesions reappeared after 6 weeks. These observations 
suggest that neutrophil chemotaxis is zinc-depen- 
dent. In conclusion, AE provides a natural experi- 


mental model with which to investigate the effects 
of zinc on the immune system. 


This work was supported by a grant from the 
National Research Council. 
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Meeting held on 4 July 1980 in Southampton 


Cells in human milk. C J Rolles and L Cussens. 
General Hospital, Southampton, and Monash 
University, Queen "Victoria Memorial Hospital, 
Melbourne, Australia, 


A cellular element in milk has been recognised for 
over a century. During the last decade there has been 
a renewed interest in milk cells but reports present a 
wide variety of methods of analysis, and the results 
and interpretation of findings have been inconsistent. 
We have devised our own techniques of collecting, 
storing, and analysing milk for its cellular content. 
Milk samples were taken from 53 healthy women 
who had been lactating from 4 days to 15 months. 
From each woman three samples were analysed— 
pre-, mid-, and postfeed from one breast. In addition 
12 women gave similar samples from the other 
breast at the same feed, and in some of these the 
procedure was repeated at the next feed. 

Leucocytes were found in all samples. The range 
was 1:0-33-0 x 10?/l Most samples had counts 
between 3-0 and 15-0 x 10°/l. There was consider- 
able variation in cell numbers during each feed 
‘profile’, with a tendency for the cell count to rise 
markedly towards the end of the feed. Differential 
cell counts were as follows: macrophages—40 to 
90%, polymorphs—5 to 50%, lymphocytes—O to 
10%. 

It is evident that a fully breast-fed baby probably 
ingests as many viable leucocytes every day as it has 
circulating at any one time. Evidence of a biological 
role for these cells in the neonate is beginning to 
emerge. 


Fat content of bank human milk. L Carroll, D Conlan, 
and D P Davies. Leicester Royal Infirmary Maternity 
Hospital. 


Milk which is collected for human milk banks is 
heterogeneous in the method ('expressed' or 'drip") 
and stage in lactation of its collection. In view of 
considerable physiological variation in the fat content 
of breast milk in relation to time of the day and stage 
of lactation, we wished to examine the variability of 
fat (and therefore of energy content) in human milk 
as it reaches our milk bank. 

In 140 samples of milk (mainly collected by the 


i 
‘drip’ method) arriving in the milk bank of the 
Leicester Royal Infirmary Maternity Hospital, the 
fat content was estimated in each by the creamatocrit 
method. The results are shown in the Table. : 


Fat concentration (g/l) 





« 10 10—19 420-29 30—40 40 
No of J 
samples 34(24%) 62(45%) 28(20%) 13099%) 3(Q*2 
(72 äi 





! 

There was marked variability in fat content (5-8-67 
g/l). The mean value was low at 17 g/l. There was no 
significant difference in the mean fat content of 
‘early’ and ‘late’ milk. We believe that the reason for 
the fat content varying in our samples was contained 
in the methods of collecting the milk. A widely 
quoted reference value for fat in breast milk is'40 g/l, 
and most of the samples in our investigation had a 
much lower fat content. Reference values for the 
fat in breast milk are therefore of little value when 
dealing with individual samples. In assessing the 
adequacy of bank breast milk for babies, especially 
for those of low birthweights, as much attention 
must be paid to the fat content as previously had 
been accorded to its nitrogen and electrolyte 
composition. 


Excretion of paracetamol in human breast milk. 
E L Hurden, D R Harvey, and P J Lewis.. Queen 
Charlotte's Maternity Hospital, London. 


Paracetamol is one of the most common .analgesic 
drugs prescribed for women after delivery: but its 
passage into breast milk has not been studied. 11 
normal women were investigated between 3 and 9 
days after delivery. 1 g paracetamol was admini- 
stered orally, and blood and expressed milk samples 
were collected at intervals up to 4 hours after the 
dose. Paracetamol concentrations were measured 
by gas-liquid chromatography. The mean (4- SD) 
concentration of paracetamol in 32 samples of breast 
milk was 9-0 + 6-9 ug/ml. The milk-to-plasma 
ratio varied between 0-2 and 1:9 (mean 1-0) n — 30. 
Even assuming a total milk intake of 1 litre/day the 
average intake of paracetamol by the infant would 
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not exceed 10 mg, presumably a subtherapeutic dose. 
The very variable milk-to-plasma ratios found are 
difficult to explain. We have confirmed by ultra- 
filtration that paracetamol is only moderately 
protein-bound in either plasma or milk, <7%- 
bound at therapeutic concentrations. On theoretical 
grounds if the pKa (9-5) were the sole determinant 
of the milk-to-plasma partition the ratio should be 
almost one. However, variable milk-to-plasma ratios 
are reported for a variety of drugs and these theoreti- 
cal calculations, derived from steady-state kinetic 
experiments, may not have a direct application when 
plasma concentrations are rising and falling after 
single doses of a drug. 


The congenital small Jung. P Helms, D Hatch, and 
S G Haworth. The Hospital for Sick Children, 
Londgn. 


10 infants with unilateral small lung demonstrated 
on chest radiography have been studied. Two had no 
associated anomalies, 2 had cardiovascular anomalies, 
1 had skeletal deformities, and 5 were studied after 
congenital diaphragmatic hernia repair. Thoracic gas 
volume (TGV) and airways resistance (RAW) were 
measured in an infant plethysmograph, with static 
lung compliance estimated by using an intermittent 
positive pressure technique and rubber respiratory 
jacket. Results were compared with the 99% con- 
fidence limits in normal infants. TGV was reduced 
in 3 infants, static lung compliance was in the low 
normal range in all except 1 infant, and in 4 of the 5 
infants studied in the first 8 weeks of life RAW was 
markedly reduced. All the remaining infants were 
studied between 8 weeks and 16 months of age. 

The normal TGV and the tendency to lower lung 
compliances found in most infants suggests signi- 
ficant compensatory emphysema, and the reduced 
RAW in those studied in early infancy with an 
uncomplicated course agrees with the reduction in 
airway generation number found on lung morpho- 
logy in similar but more severely affected infants. 
When assessing the significance of lung function data 
in infants it is essential to take into account the 
clinical course in each case, and to consider any 
relevant anatomical factors. 


Quantitative blochemical studies on human fetal lung 
hypoplasia. J S Wigglesworth and R Desai. Hammer- 
smith Hospital, London. To be published in full in 
the Archives, 1981, 56, as Use of DNA estimation for 
growth assessment in normal and hypoplastic fetal 
lungs. J S Wigglesworth and R Desai, and Fetal lung 
hypoplasia: biochemical and structural variations and 
their possible significance. J S Wigglesworth, R Desai, 
and P Guerrini. 


Immotile cilia syndrome: a new cause of neonatal 
respiratory distress. A Whitelaw, A Evans, and 
B Corrin. Northwick Park Hospital, Harrow, 
Queen Mary’s Hospital for Children, Carshalton, 
and Cardiothoracic Institute, London. To be 
published in full in the Archives, 1981, 56. 


Neonatal mechanical ventilation and ‘expired’ CO,. 
J K. Stothers, C A Campbell, and A I Mukhtar. 
London Hospital Medical College, and London 
Hospital. 


Great interest has been expressed in noninvasive 
monitoring of Paco, in sick neonates using trans- 
cutaneous sensors. As yet, in practice problems still 
exist. End-tidal CO, closely reflects Paco,; but in 
infants its measurement requires expensive and 
sophisticated equipment. The sample flow rate of the 
analyser should be small (10—20 ml/min) and the 
response time fast (0:1 second) Recently a 
relatively cheap CO, analyser was manufactured 
(Datex CD 101P), with a minimal sample flow rate 
of 50 ml/min and a response time of 0-3-0-4 
second. At first it appears unsuitable for neonatal 
monitoring, but the respiratory rate of mechanically- 
ventilated infants is often less than 30 min and in 
these circumstances it seems possible that this 
analyser might record end-tidal CO,. 

Our aims were to compare values obtained using 
this machine with arterial levels. In infants with 
compliant lungs the correlation between these values 
was extremely good. In those with ‘stiff’ lungs, again 
the correlation was good, but the excretion *pattern' 
was rather more complicated. Preliminary findings 
suggest that this analyser is of use in recording 
changes in expired and, within limits, end-tidal CO,. 
Further experience of this method of monitoring the 
Paco, may enable mechanical ventilation to be 
controlled more physiologically. 


Mechanism of brain volume homeostasis during hypo- 
natraemia in the newborn calf. R M Gardiner and 
AG Wilkinson. Physiological Laboratory, University 
of Cambridge. 


The potassium (K) content of brain tissue is reduced 
after prolonged hyponatraemia, and it has been 
suggested tbat this loss of intracellular electrolyte 
represents the means by which brain swelling is 
mitigated under hyposmolar conditions. The present 
experiments were undertaken to quantify net transfer 
of K to the circulation from brain tissue drained by 
the sagittal sinus during sustained dilutional hypos- 
molar and isosnfolar hyponatraemia. Cerebral blood 


flow was measured using an Hg clearance technique, 
and metabolism and cation transfer quantified by 
simultaneous determination of  arterio-cerebral 
venous concentration differences. 

During hyposmolar hyponatraemia (arterial 
plasma sodium, 117-1 + 0:5 mmol/l; plasma osmo- 
lality, 232 + 1 mosmol/kg) cerebral blood flow 
decreased from 67 + 3 to 55 + 2 ml/100 g per min 
(P 0-01), and the net transfer of potassium to the 
circulation increased from —0-51 + 0:14 to —1:51 
-+ 0-07 u.mol/100 g per min (P 0-001). CSF sodium 
concentration and osmolality were both decreased. 
No change in thesé^ variables was observed during 
isosmolar hyponatraemia (plasma sodium, 119-9 
+ 0-2 mmol/l; plasma osmolality, 284 + 2 mosmol/ 
kg). It 1s suggested that a reduction in sodium con- 
centration of brain extracellular fluid potentiates 
pumping of potassium to the circulation by a Na*— 
K* activated ATP-ase located at the abluminal 
surface of brain capillaries. 


Controlled tríal of pancuronium during mechanical 
ventilation for hyaline membrane disease. M J 
Pollitzer, E O R Reynolds, and D G Shaw. University 
College Hospital and Medical School, London. 


Spontaneous breathing during mechanical ventila- 
tion may traumatise the lung. To £nd out whether 
the incidence of Jung damage could be reduced by 
muscle-relaxation during ventilation, 50 infants of at 
least 28 weeks' gestation who required mechanical 
ventilation for hyaline membrane disease were ran- 
domly assigned to a treated or a control group. The 
treated infants were kept  muscle-relaxed on 
pancuronium until their inspired O, requirement had 
fallen to 40% or less. The mean birthweight, 
gestational age, duration of ventilation, inspired 
oxygen concentration during the acute phase of the 
illness, and ventilator pressures were closely com- 
parable in the two groups. Two of 26 treated infants 
and one of 24 control infants died; the control infant 
had bronchopulmonary dysplasia. Four treated and 
5 control infants developed pneumothoraces or 
interstitial emphysema. The length of time that the 
treated infants required added oxygen was less than 
in the control infants (Mann-Whitney U test, P < 
0-01). All treated infants were breathing air spon- 
taneously by one month of age, whereas 7 control 
infants were still oxygen-dependent (y? = 6°56, 
P«0 02). These 7 infants required additional oxygen 
until they were 5-18 (mean 10) weeks old. 

We conclude that muscle-relaxation during 
mechanical ventilation for hyaline membrane 
disease reduces the incidence of chronic oxygen- 
dependency. We suggest that this effect is due to 
diminution of traumatic damage to the lung. 
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| Transfer of free palmitic and linoleic acids across the 


perfused human placenta. C Booth, M Elphick, 
W Hendrickse, and D Hull. University of Notting- 
ham Medical School, Queen's Medical Centre, 
Nottingham. 


Maternal circulating free fatty acids are available to 
the fetus for incorporation into fat stores or, into 


` structural lipids. Although ın the latter case essential 


long-chain fatty acids are required, results of 
investigations at elective caesarean section suggest 
that free fatty acids cross the placenta unselectively 
and at rates which depend on maternal concentra- 
tions. The exception is arachidonic acid which 
appears in fetal blood in fairly large amounts. 
To investigate this further we performed some 
experiments in which we simultaneously measured 
the transfer of an essential (linoleic) and & non- 
essential (palmitic) fatty acid, using the technique 
of Schneider et al., in which a small placental lobe is 
perfused. Maternal and fetal perfusate, containing 
2% albumin, was recycled from small reservoirs. 
Transfer rates were measured using radio-gas 
chromatography. Labelled antipyrine was used to 
assess perfusion efficiency and labelled dextran was 
added to test integrity of placental membranes. Mean 
transfer rates of 150, 0-0326, and 0-0433 umol/min 
were obtained for antipyrine, palmitic, and linoleic 
acids respectively. The transfer of dextran was 
negligible. There was no conversion of linoleic acid 
to arachidonic acid although this appeared in large 
amounts into the perfusate. It is concluded that 
linoleic and palmitic acid across the placenta non- 
selectively and that the arachidonic acid was ‘derived 
from placental lipids other than linoleic acid. 


Changing blood culture isolates in a referral neonatal 
intensive care unit. O Battisti, R Mitchison, and 
A. Oto. Hammersmith Hospital, London. , 


All cases of bacteraemia occurring in the neonatal 
intensive care unit at Hammersmith Hospital over 
a 4-year period, 1976-9 inclusive, have been ana- 
lysed. During that time 113 infants were found to 
be bacteraemic; 27 were inborn (a rate of 5-6/1000 
hospital live births), and 86 outborn (a rate of 160/ 
1000 outborn admissions to the neonatal unit). 33 
of the infants became bacteraemic early, in the first 
48 hours of life. When the present results were 
compared with those in a previous survey from this 
unit certain differences were found. Gram-positive 
isolates outnumbered Gram-negative isolates by 
more than 2:1, whereas the opposite was the case in 
the years 1967—75. This difference was due solely to 
the increasing frequency of Staphylococcus epidermi- 
dis isolates (a proportion of them showing multiple 
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antibiotic resistance), both in early infections in 
outborn infants and ın later infections among inborn 
and outborn infants; this organism had been 
encountered only rarely previously. As the relative 
frequency of Gram-negative infections has remained 
largely unchanged, bacteraemia is now more com- 
mon in this unit. Although group B beta-haemolytic 
streptococcus was isolated early from several out- 
born infants, no case of early infection occurred 
among inborn infants in the 4-year period, whereas 
in the 9 years previously it had been the organism 
most often responsible for early infection in such 
babies. A neonatal unit population of decreasing 
birthweight and maturity, and certain changes in 
Obstetric practices may be at least partially respon- 
sible for these changes.» 


Growth and body composition in preterm infants fed 
donor breast milk. A A Jackson, J C L Shaw, 
A Barber, and M H N Golden. Tropical Metabolism 
Research Unit, University of the West Indies, and 
University College Hospital Medical School, London. 


Eight studies were carried out in 3 preterm infants 
between 8 and 30 days of age. The infants, born 
between 31 and 33 weeks’ gestational age, were all 
small for gestational age. They were fed on pas- 


teurised human breast milk. Nitrogen balance was 
measured every 7 to 10 days for periods of 72 hours 
during which intermittent tracer doses of IN 
glycine were given. The composition of the milk 
varied widely. The mean energy content was 289 
kJ/100 ml (260—316) and mean protein content 1-44 
g/100 mi (1:16 to 1:97). The intakes for energy and 
protein were 485 to 694 kJ/kg per day (mean 583) 
and 1-95 to 4-08 g/kg per day (mean 2-79) re- 
spectively. Each child gained weight at a rate 
appropriate for gestational age, but inadequate to 
allow for catch-up growth. The average weight gain 
was 15:6 g/kg per day and the protein equivalent of 
the retained nitrogen ranged from 1:11 to 2:52 g/kg 
per day. Thus the component of weight gain attribu- 
table to lean tissue deposition (20% protein) varied 
from 34 to 89%. The rate of nitrogen accumulation 
was very much less than that calculated for a fetus 
of equivalent gestation or equivalent weight. In 6 of 
8 studies urinary urea was not enriched with !^N. 

The data show that growth in preterm infants fed 
donor breast milk is inadequate, in terms of weight 
gain and nitrogen retention when growth of the 
fetus is used as a reference standard. The require- 
ments for glycine vastly exceed the dietary intake, 
and endogenous synthesis may be limited. In this 
situation glycerine may be acting as a limiting 
nutrient and thus become a semi-essential amino- 
acid. 


Britis Paediatric Association 
Annual meetings 
1981 7-11 April York University 
1982 20-24 April Aviemore Centre, Scotland 
1983 12-16 April York University 
1984 10-14 April York University 
1985 16-20 April York University 
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Ileal meconium plugs 


Sir, 

The article by Talwalker and Kittur* raises important 
questions. Although terminal ileal meconium plugs 
unassociated with cystic fibrosis have been described, the 
authors made no reference to how this disease was 
excluded in their patients. They simply stated that ‘none 
of our 200 patients with neonatal intestinal obstruction 
suffered from meconium leus’. The clinical diagnosis of 
cystic fibrosis is quite difficult in the neonatal period. The 
authors did not mention whether they had sweat tests or 
necropsy findings to exclude cystic fibrosis. Such informa- 
tion 1s vital since many of their patients developed 
complications (such as atresta, volvulus, pseudocysts) 
which are common in meconium ileus but had previously 
been unreported in meconium plug syndrome. 


Reference 


1 Talwalker V C, Kittur D H [leal meconium plugs Arch 
Dis Child 1980, 55: 288-91. 


JOHN C LEONIDAS 

Tufts-New England Medical Center, 
171 Harrison Avenue, Boston, 
Massachusetts 02111, USA 


Dr Talwalker and Dr Kittur comment: 


Our report of 11 patients with ileal meconium plugs 
included only 2 patients who have survived. In one of these 
patients sweat electrolytes were normal, and the other 
patient has not had any symptoms suggesting fibrocystic 
disease of the pancreas. Seven of the 9 patients who died 
were examined at necropsy and their pancreata were 
normal morphologically as well as histologically. 

Virtual absence of meconium ileus as well as fibrocystic 
disease of the pancreas has been noted by paediatric 
surgeons, paediatricians, and pathologists in India. 
Dr S G Deodhare, professor of pathology, Grant Medical 
College, Bombay, stated 'During 25 years I have done 
several thousand post mortems, but I have hardly ever 
come across fibrocystic disease of zhe pancreas’, and 
Dr A G Desai, professor of paediatrics, Grant Medical 
College, said ‘Although we consider the possibility of 
fibrocystic disease of the pancreas in any patient with 
recurrent respiratory infection or gastrointestinal 
infection and do the sweat electrolyte test on several 
patients, we make the diagnosis very rarely’. 

The meconium observed in the patients with ileal 
meconium plug was normal in appearance and 
consistency behind the head of white chalky plug. The 
tenaceous and sticky meconium of meconium ileus has 
not been observed by us in any patient with neonatal 
intestinal obstruction. Necropsy examination is performed 
on most patients who have died after*neonatal intestinal 


obstruction. In none of these did the pancreas show any 
abnormality. We are convinced that the disease entity of 
fibrocystic disease of the pancreas and associated 
meconium ileus is a rare occurrence here although it 1s 
known to be the most common single-gene recessive 
anomaly in Britain. 


V C TALWALKER AND D H KITTUR 
Department of Paediatric Surgery, 
J J Hospital, 

Bombay 8, India 


Xanthines and necrotising ° 
enterocolitis 


Sir, 

I wish to add two cases of necrotising enterocolitis (NEC) 
associated with xanthine administration to the three 
cases already reported by Robinson et al. i 


Case 1 

A 1110-g 28-week gestation boy, the first twin, developed 
apnoeic attacks on day 5 having had no respiratory 
difficulties beforehand. Oral theophylline was admini- 
stered and plasma levels within the normal range 
maintained. Clinical response was satisfactory and 
theophylline was stopped on day 15 During the next 
24 hours he developed NEC. Cultures of stool and blood 
were negative. 


Case 2 

A 1230-g 28-week gestation boy, the second twin, 
developed apnoeic attacks on day 2 having had no 
respiratory difficulties beforehand, apart from mild 
expiratory grunting immediately after birth with normal 
arterial oxygen levels. Oral theophylline was administered 
and apprópriate plasma levels maintained. , Clinical 
response was satisfactory and theophylline was stopped 
on day 15. Within 24 hours he developed NEC, Cultures 
of stool and blood were negative. 


Both twins survived with supportive medical treatment. 

It is not clear from the report of Dr Robinson and 
colleagues whether the affected infants were still having 
theophylline at the time of presentation of NEC.” 
Clinical signs in our patients developed within 24 hours of 
the last dose of theophylline. 

These anecdotal reports do not confirm a relationship 
between xanthine derivative treatment and NEC but they 
should serve to make us alert to the possibility: It would 
be interesting to know whether those treating apnoeic 
attacks in premature babies with continuous positive 
airways pressure see a similar incidence of NEC to those 
using xanthine derivatives. 
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*Dr Robinson has confirmed that each of the babies was 
receiving oral xanthine at the start of the necrotising 
enterocolitis. EDITOR 


Superfecundation 

Sir, ü 

In a recent article by James! it was suggested that the 
relatiofiship between birthweight and the gestational age 
of dizygous twins, as assessed by the Dubowitz method, 
could be explained by superfecundation. If this hypothesis 
is valid, there should be no consistent difference in the 
Dubowitz scores of monozygous twins. 

During a study of 66 twin pairs? we carefully examined 
all placentas at birth. Monozygous twins were diagnosed 
if their placentas were monochorionic and demonstrated 
vascular anastomoses. Unlike-sexed twins were regarded 
as dizygotic. In the study sample there were 12 
monozygous and 30 dizygous pairs of twins. In the 
monozygous pairs the heaviest twin had the highest total 
Dubowitz score on 10 occasions while the lightest twin 
had the highest score on only 2 occasions. In the dizygous 
pairs, 21 heavier and 9 lighter twins had the highest score 

We conclude that the heavier twin scores higher than 
the lighter twin in both monozygous and dizygous twins. 
This suggests that birthweight and not superfecundation 


1s responsible for the Dubowitz method giving a higher 
scored gestational age to the heavier twin. 
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Dr James comments: 


On average the Dubowitz scoring system estimates à 
higher gestational age in respect of the heavier member of 
a twin pair. The data presented here by Woods and 
Malan show that this occurs when the system is applied 
both to dizygous and monozygous pairs which suggests 
strongly that there is a flaw in the system, as claimed by 
these authors However, I think they overstate their case 
when they suggest that their data rule out the possibility 
that in some dizygous cases superfecundation (and not the 
admitted flaw) may be the basis for such a result. After all, 
superfecundation does occur (admittedly with unknown 
frequency), and it seems entirely plausible to suppose that 
at confinement the first-conceived twin should weigh 
more than the second-conceived twin. 


W H JAMES 

The Galton Laboratory, 

Department of Human Genetics 
and Biometry, 

University College, Wolfson House, 
4 Stephenson Way, 

London NW1 2HE 
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'ediatric Diseases Related to Calcium. 
ditors-in-chief H F De Luca and 
> S Anast. (Pp. 449; illustrated + tables. 
22-50 hardback.) Blackwell: Oxford. 
980. 


)uring the last decade there has been 
enewed interest in childhood mineral 
1etabolism. This has been stimulated by 
ew work on vitamun D and tts metabolites, 
nd by improved techniques for the assay 
f the hormones concerned in calcium 
iomoeostasis. It is timely that the 

bject be reviewed and the numerous 
ecent reports collated into a single 
'olume. 

This book had its origin in a symposium 
teld in honour of Harold and Helen 
larrison who were pioneers in the field. 
.here is an impressive list of 76 con- 
ributors who review and discuss their 
ubjects, although it 1s salutary that 69 of 
hem are from North America, 4 from 
witzerland, and only 1 each from 
“rance, Japan, and the UK. It is 
mmodestly presented as 'the only com- 
ulation of information in the field of 
'aediatric diseases related to calcium and 
»hosphorus metabolism in existence’. In 
act it is, with few exceptions, a series of 
eviews and papers on aspects of vitamin 
> and calcium metabolism, with heavy 
mphasis on events at the molecular and 
nembrane transport levels. As such it will 
ove a valuable reference source and 
‘ontains much to stimulate the investi- 
itor. The clinical aspects are dealt with 
xtensively, and while it is impracticable 
o list all of the contributions, areas of 
articular interest to the practising 
jediatrician are: neonatal hypocal- 
aemia and the problem of bone 
nineralisation in low birthweight infants; 
ickets and the diseases with which it may 
œ confused; vitamin D metabolism in 
hronic hepatic failure; and the paediatric 
'harmacology of vitamin D metabolites. 
)ne somewhat anomalous section is on 
nineral deficiency in growth which, 
lthough fascinating reading, is largely 
oncerned with zinc. There is much 
xcellent material which ts well presented 
ut, nevertheless, the reader is left with 
he impression that the gestational 
riod of this book may have been 
omewhat prolonged. There are few 
eferences to work published during the 


last three years even though this period 
has seen no diminution of research 
activity, and recent work on the likely 
biological role of 24,25 (OH)sDs seems 
to have attracted less attention than it 
deserves. However, these small criticisms 
will not greatly diminish the value of a 
most comprehensive and valuable addition 
to the literature. 

DONALD BARLTROP 


Community Paediatrics. A Primer in Child 
Care. By ED May. (Pp. 186; illustrated + 
tables. £7.95 hardback.) MTP Press: 
Lancaster. 1980. 


À book with this title is likely to catch the 
eye of doctors and nurses who are 
interested in child health, for although 
many assert that their practice embraces 
all features relating to the health, growth, 
and development of children they freely 
acknowledge that there are gaps in the 
basic information on preventive, social, 
and educational paediatrics. 

Elste May, a community physician with 
special responsibility for the provision of 
services for children, has tried to cover 
those particular aspects of the care of 
children that normally receive little 
attention. She divides her topic into six 
chapters dealing with selected age-related 
issues and two supporting sections, one 
with the omnibus title WhoamI?', and the 
other devoted to teaching on the child care 
services. The appendices, which constitute 
about one-seventh of the book, provide 
further details on hearing tests, sequential 
developmental questionnaires, and 
Immunisation data. In many respects the 
presentation, style, and choice of content 
resemble lecture notes instead of a 
primer on child care, but the value lres in 
the wisdom of the author, acquired 
through many years of working in the 
community child health services. 

It 1s impossible to commend this book 
unreservedly for the intended readership 
(family doctors, clinical medical officers, 
health visitors, and school nurses) and it 
would be a doubtful guide to ‘parents 
keenly interested in the development of 
their children’ because, on the one hand, it 
is not sufficiently detailed to advance the 
knowledge of professionals, and on the 
other, parents could be justified in thinking 
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that the technical terminology renders the 
book frustrating to the lay reader. This 
does illustrate the difficulties of catering 
fora complete spectrum of interest. 


ROSEMARY GRAHAM 


A Guide to Paediatric Anaesthesia. By 
J M Beasley and S E F Jones. (Pp. 167; 
illustrated 4- tables. £5.80 paperback.) 
Blackwe]l : Oxford. 1980. 


The authors are consultant anaesthetists 
at Birmingham Children's *Hospital and 
they intend this small book to be a guide, 
rather than a compendium or an academic 
work, on anaesthetics for children. 
Junior anaesthetists invariably encounter 
children requiring anaesthesia fairly eagly 
in their careers—normally for ear, nose, 
and throat surgery—but they may not see 
more-specialised procedures, such as 
neonatal surgery, unti! much later if at all. 

The book is readable and useful, and it 
covers all the common problems and 
situations. It could be read with advantage 
by anyone who is not already primarily 
involved in anaesthesia for children. The 
authors have done the specialty a positive 
service by giving clear and sound advice on 
the management of many common pro- 
blems, thus removing a lot of the mystique 
which surrounds paediatric anaesthesia. 
There 1s some unnecessary repetition 
which is not entirely unwelcome because tt 
IS consistent, except for the conflicting 
advice given in two chapters about the 
need for an intravenous infusion during 
surgery for meningomyelocele. . 

The authors are right to advise against 
the use of the Macintosh' infant laryngo- 
scope blade for small children, but they 
should have mentioned that Professor Sir 
Robert Macintosh did not design, or 
approve of, the infant blade; it was added 
by the manufacturing firm after the 
successful introduction of the 'Macintosh 
‘adult’ and “large adult’ blades. Although 
many varieties of infant laryngoscope 
blade are mentioned, the excellent blade 
designed by Seward 1s not described. 

This is a welcome elementary intro- 
duction to paediatric anaesthesia, and the 
only sertous criticism is the poor binding 
of the book sent for review. 

A P ADAMS 
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Allergic Diseases of Infancy, Childhood, 
and Adolescence. Edited by C W Bierman 
and D S Pearlman. (Pp. 837; illustrated + 
tables. £28.25 hardback) Saunders: 
Philadelphia. 1980. 


The authors have produced a welcome 
major textbook on paediatric allergic 
disease. It is a multi-author book which is 
divided into 12 main sections and 67 
chapters, with many good tables and 
illustrations. The Harvard system of 
references is used and each bibliography 
includes a sensible list of old and new 
references. The sections cover the ex- 
pected areas of basic immunology and 
clinical elements, and there is much dis- 
cussion of management. A good preface 
relates the modern text to the historical 
concepts of von Pirquet, and defines 
allergy and atopy. It is a relief to find that 
food allergy 1s not over empbasised, and 
that adequate space is allotted to dermato- 
logical, otorhinolaryngological, and oph- 
thalmological problems. Some space is 
alfo devoted to rheumatic, haemato- 
logical, connective tissue, and renal 
diseases; these are often omitted from 
paediatric literature concerned with dis- 
orders of immunity. 

Any reader who is interested in this 
and related fields will find this book 
useful, although the generalist may 
consider a smaller book (some examples 
of which are available) to be more appro- 
priate; but the increasing interest in 
allergy should mean that this book will 
be very valuable to departments and 
paediatric libraries. 

C B S WOOD 


Allergies to Milk. By S L Bahna and 
D C Heiner. (Pp. 202; illustrated + tables. 
$23.50 hardback.) Grune & Stratton: 
New York. 1980. 


Most paediatricians now recognise that 
cows’ milk protein intolerance, or cows’ 
milk allergy, is a significant problem of 
childhood despite widespread scepticism 
concerning this diagnosis in the past, and 
the general acceptance relates to better 
diagnostic criteria. The amount of in- 


formation on this subject has increased 
rapidly, and the authors have produced a 
book which is completely devoted to this 
topic; it is clearly and carefully written, 
and has a detailed bibliography. 

The chapter on diagnosis 1s particularly 
helprul, indicating current complexities 
because of the lack of specific tests. The 
concept of relief of symptoms with milk 
elimination, relapse with challenge, and 
relie again with further cows’ milk 
elim:nation is stressed, and the authors 
emphasise that laboratory tests related to 
sucb dietetic manoeuvres are a valuable 
aid in making a firm diagnosis. Com- 
prebensrve information is given about 
currently available tests and these are 
critically reviewed, and the danger of 
overdiagnosis is stressed, especially when 
there is a risk of inadequate assessment 
leading to misdiagnosis of more serious 
disease. Differential diagnosis is discussed 
in detail, but the importance of cows’ 
milk-protein intolerance itself (as well as 
lactose intolerance) as a complication of 
acute gastroenteritis in infancy is not 
emphasised. The section on prevention 
gives a detailed list of the attributes of 
breest milk, and provides a compre- 
hensive account of the composition of 
breast milk and the various feeding 
formulas used in the USA. 

The comment that there is an urgent 
need for the mecical profession and the 
infant food industry to unite in assisting 
mothers to practise better infant feeding 
is particularly pertinent. 

The book ends on a practical note 
with recipes for milk-free diets; the 
authors permit these to be photocopied 
for the patient's use. 

This is the most comprehensive, yet 
compact, monograph on this subject 
published to date, and I highly recom- 
mend it. 

J A WALKER-SMITH 


Pediatric Otorhinolaryngology: a Review 
of Ear, Nose, and Throat Problems in 
Children] Edited by B Jazbi. (Pp. 289; 
illustrated + tables. £15-95 hardback.) 
Appleton-Century-Crofts: New York. 
1980. 


This book is a series of review articles o 
otorhinolaryngological subjects collecte: 
for the benefit of paediatricians and famil. 
practitioners, the aim of which 1s to cove 
the specialty of paediatric otorhino 
laryngology in a single volume, with th 
emphasis on ‘fundamental concepts o 
common ear, nose, and throat diseases’ 
I do not think this 1s fulfilled, mainl 
because of editorial errors. In order t 
make the chapters on deafness an 
vertigo valuable and interesting, spac 
should have been found for a discussio! 
of basic audiometric and vestibula 
testing. The five contributions on middl 
ear infection and ventilation tend to b 
confusing because they overlap, and ther 
is only brief reference made to chroni 
suppurative otitis media. Airways ob 
struction is well covered, but tracheostom: 
and nasotracheal intubation are hard} 
mentioned. The chapter on poisoning i 
children is irrelevant, and the operation o 
laryngotracheoplasty is far removed fror. 
fundamental concepts and common dis 
eases. In addition to the editorial im 
balance, the individual contribution 
vary considerably; some are excellent br 
others do not reach that standard. 
cannot recommend this book for gener: 
use, and I think the needs of the paedie 
trician and family practitioner are bette 
served by the standard otorhinolaryngc 
logical texts. 

J HIBBER 


Shorter notice 


Making Music with the Young Handi 
capped Child. A Guide for Parents. B 
Elaine Streeter. (Pp. 24; illustratec 
£1.20.) Music Therapy Publications 
London. 1980. 

This is a clearly written, practical hanc 
book primaril addressed to parent: 
although those caring for children shoul 
find it belpful and encouraging too. Th 
theme is communication through music 
making, but no special musical talent i 
required. Toy libraries might have bee 
quoted as a possible source of the mor 
expensive material described. 
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varicella, ın child: short report, 568 
Articular deformities ın association with congenital 
nephrotic syndrome, 162, P 
Aspergillosis, allergic bronchopulmonary, complicating 
cystic fibrosis, 348 
Asphyxia, effects on cerebral blood flow and oxidative 
metabolism in newborn lamb, 158, P 
Asthma, acute bronchial associated with poliomyelitis- 
like illness (Hopkins’s syndrome) immunological 
abnormalities, 26: Coxsackie virus type B isolated, 
short report, 61 
allergen exposure, skin and provocation tests compared 
with radioallergosorbent test in, 162, P 
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controlled trial of cromoglycaje and slow-release 
aminophylline, 162, P 
efficacy of orally administered salbutamol and theo- 
phylline, pre-school childrerf, 204 
physiological abnormality in early adult life, 822, P 
pre-school children, comparison of cromoglycate 
nebuliser solution, theophylline, and placebo, 825, P 
underdiagnosis and undertreatment, primary school 
age, 735, P 
and wheezy bronchitis, genetic basis, family study, 354 
Atopy in parents of children dying with sudden infant 
death syndrome, 876 
Authors, multiplicity: editorial, 749 
Autoimmune haemolytic anaemia in an asymptomatic 
carrier of hepatitis B virus: short report, 233 


Baclofen, effect on gait of children with hemiplegia, 
160, P 
mia in neonatal intensive care unit, changing 
blood culture isolates, 971, P 
Bacteriuria, asymptomatic, in healthy preterm babies: 
short report, 723 
Beckwith’s syndrome, excretion of polyamines, 40 
Beckwith-Wiedemann syndrome, raised somatomedin 
associated with normal growth hormone as cause: 
short report, 151 
Bereavement, supporting parents after perinatal death, 
732, P 
BFM therapy study 1970379 in childhood acute lympho- 
blastic leukaemia, 735, P 
Bile salt loss, faecal, pathogenesis, in cystic fibrosis, 160, P 
Biopterin defect in a normal-appearing child affected by 
a transient phenylketonuria: short report, 637 
Blood 
culture isolates, changing, in a referral intensive care 
unit, 971, P 
pressure, in adoptive families, estimating genetic and 
common household environmental causation, 
489, P 
‘and cerebral blood flow in healthy neonate, 159, P 
in first 6 weeks of life, 755 
systemic and intraventricular haemorrhage in new- 
born: correspondence, 166, P 
variations 1n healthy neonate, 317, P 
Bone 
growth and mineralisation, effect of puberty: cor- 
respondence, 655 
marrow transplantation: annotation, 750 
mineral deficits, and prevention of adult height in male 
puberty with short stature: correspondence, 657 
Brain 
damage, detection by ultrasound, 158, P 
unexplained, in infancy, ECG and respiration 
recordings in newborn, 7 
neonatal, systematic method for examination by real- 
time ultrasound, 733, P 
volume homeostasis, mechanism during hypo- 
natraemia, newborn calf, 970, P 
Breast milk 
bank, fat content, 969, P 
cells 1n, 969, P 


Bact 


e PUE antirespiratory virus activity in, 
3 
effect of discarding first few millilitres on bacterio- 
logical quality of bank breast milk: short report, 898 
excretion of paracetamol, 969, P 
lysozyme, lactoferrin, IgA and carbonic anhydrase 
content, preterm and term infants, 652, P 
prostaglandins in, 950 
see also Milk 
Breath hydrogen 
estimation, new, rapid and accurate method, 824, P 
sugar malabsorption in healthy neonates estimated 
by, 512 : 
Bronchitis, wheezy,-and asthma, genetic basis, family 
study, 354 
Bronchopulmonary dysplasia: annotation, 661 
Brucellosis treated with rifampicin: short report, 486 


Calcification, prostatic, 4-year-old boy: short report, 963 
Calcitonin, immunoreactive, concentration in preterm 
infants, effect of early oral calcium supplementation * 
on, 611 
Calcium 
depletion, influence on bone histology in experimental 
uraemia, 490, P 
supplementation, early oral, effect on serum calcium 
and immunoreactive calcitonin concentration in 
preterm infants, 611 
Caloreen 
meals, gastric emptying, newborn, 883 
oral tolerance, babies, 886 
Candida albicans, oral colonisation in acute lympho- 
blastic leukaemia, 825, P 
Candidiasis, systemic, neonatal, treated with miconazole: 
short report, 903 
Carbamyl phosphate synthetase 1 deficiency, detection 
using duodenal biopsy samples, 292: correspondence, 
826 | 
Carbohydrate, excessive intake in pregnancy, and 
neonatal obesity, Cap Bon, Tunisia, 521 
Carbon dioxide, ‘expired’, and neonatal mechanical 
ventilation, 970, P 
Carbonic anhydrase, lactoferrin, immunoglobulin A, 
and lysozyme in breast milk, preterm and term 
infants, 652, P 
Cardiac catheterisation, followed by necrotising entero- 
colitis: short report, 66 
Cardiological investigations, outpatient paediatric, al- 
ternative approach: personal practice, 54 
Cardiopulmonary bypass surgery, renal function after, 
role of gentamicin, 492, P 
Carotid bodies, histopathological findings in congenital 
malformations of the heart, 241, P 
Cataract, steroid, in nephrotic syndrome, 491, P 
Catecholamine-secreting tumours, analysis of urinary 
phenolic-acids in diagnosis, 242, P 
Cells 
in human milk, 969, P 
size and cell number: reconsideration of organ growth 
and catch-up potential, 159, P 


Central nervous "system involvement in progressive 
muscular dystrophy, 589 
Cerebral 
abscess and Proteus mirabilis meningitis in newborn 
period: short report, 308 
blood flow and blood pressure in healthy neonate, 
159, P 
effects of asphyxia on, newborn lamb, 158, P 
palsy survey, Oxford, review of 160 late walking 
children, 735, P 
Chemotaxis, neutrophil 
and random migration, assessment in childhood, 296 
in acute lymphoblastic leukaemia 1n childhood, 299 
See also Zinc > 
Child 
abuse, acute water intoxication: short report, 401 
and child poisoning, 822, P 
sexual, involvement of paediatricians and psychi- 
atrists, 731, P 
-health clinic form; suggested : correspondence, 163, 323 
undergraduate clinical examination, objective struc- 
tured, 917 
* poisoning and child abuse, 822, P 
Chlorambucil treatment in idiopathic nephrotic syn- 
drome, 490, P 
Chlorhexidine and hexachlorophane powders, com- 
parison in prevention of neonatal infection, 277 
Chlorimipramine, maternal, cardiovascular anomalies in 
7-week-ald embryo, 241, P 
Chondrodysplasia punctata after warfarin in early 
pregnancy, 139 
Chromosome i4q, trisomy of distal part, child with 
multiple congenital abnormalities, 474 
Cilia, 1mmotile, new cause of neonatal respiratory 
distress, 970, P 
Cimetidine 
and peptic ulceration in a Meckel’s diverticulum: 
correspondence, 321, P 
in treatment of Zollinger-Ellison syndrome in a child: 
short report, 226 
Circulating immune complexes in fulminant hepatic 
failure and renal failure, 161, P 
Cirrhosis, Indian childhood, chronic copper poisoning, 
or Wilson’s disease: correspondence, 163, P 
Coarctation of aorta associated with facial palsy and 
severe hypertension: short report, 315 
Coeliac disease, 
diagnosis: correspondence, 575 
duration of gluten-free diet, 110 
enteroendocrine response to gluten challenge, 159, P 
gastrointestinal mast cells in, 702 
gluten challenge, west of Scotland, 907, P 
and gluten intolerance and gluten enteropathy: current 
topics, 143: correspondence, 742 
incidental of dental caries: correspondence, 80 
Colostrum, 
antimicrobial activity after administering killed E. colt 
0 111 vaccine orally to expectant mothers, 458 
and breast milk, antirespiratory virus activity in, 
161, P 
Commensals and pathogens, distinctiort between, 169, P 
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C3, factor B, alpha-tantitrypsin in neonatal septic- 
aemia with sclerem 

second component, D or onus deficiency, presenting 
with recurrent bacterial meningitis, 471 

Congenital 

adrenal hyperplasia—clinical and genetic survey, 
detection of male salt-losers, 622 

adrenogenital syndrome with anomalies in the upper 
urinary tract: correspondence, 324 

adrenal hypoventilation control of respiration and 


sleep, 823, P 
syndrome, successful bilateral diaphragmatic pacing: 
short report, 901 
heart block, familial, and hydrops fetalis: short 
report, 479 


heart disease, cyanotic, oral prostaglandin E, in 
palhation, 733, P 
real-time sector scanning i in diagnosis, 158, P 
malformations of the heart, histopathological findings 
in carotid bodies, 241, P 
morphological studies during open heart surgery, 
243, P 
Conjoined twins in West Africa, 2 sets, 626 
Conservative care of the newborn: correspondence, 
411, 909 
Continuous distending pressure, individualised, applied 
within 6 hours of delivery in respiratory distress 
syndrome, 33 
Copper 
deficiency, fracture of the femur and fish odour in 
preterm infant: short report, 229 
poisoning, chronic, Wilson’s disease, or Indian child- 
hood cirrhosis: correspondence, 163, P 
CORRESPONDENCE 
Acquired toxoplasmosis in children, 80 
Acute infantile thrombocytosis and vitamin K 
deficiency associated with intracranial 
haemorrhage, 84 i 
Allergic bronchopulmonary aspergillosis, 910 
Arteriovenous malformation of the liver giving 
rise to persistent transitional (fetal) circu- 
lation, 244 
Arthritis after measles, 80 
Bacteria, arthritis, and skin lesions: due to 
Kingella kingae, 411 
Carrier detection in Duchenne 
dystrophy, 413 
Cimetidine and peptic ulceration in a Meckel's 


muscular 


diverticulum, 321 

Comparing methods of assessing gestational 
age, 321 

Conservative care of the Beno baby, 
411, 909 


Continuous sodium valproate or Sbenibasbt: 
tone in the prevention of 'simple' febrile 
convulsions, 658 

Cows' milk protein-sensitive enteropathy, 744 

Detection of carbamyl phosphate synthetase 1 
deficiency using duodenal biopsy samples, 826 

Diagnosis of coeliac disease, 575 
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Diagnosis and managemehRt of folate deficiency 
in low birthweight infants, 81 

Dissolution of bilateral gystine calculi by penicil- 
lamine, 743 

Dominant Sotos's syndrome, 579 

Effect of puberty on rates of bone growth and 
mineralisation, 655 

Effects of sleep state and feeding on cranial 
blood flow of the human neonzte, 741 

Exchange transfuston in newborn infants, 322 

Gastric and jejunal feeding in high risk neonates, 
575 

Giant exomphalos—conservative or operative 
treatment, 167 

Gluten intolerance, gluten enteropathy, and 
coeliac disease, 742 

Growth hormont treatment increases the pre- 
dicted adult height, 909 

e Human growth hormone (UK), 324 

Heal mecontum plugs, 973 

Incidence of dental caries in coeliac children, 80 

Is nail trephining safe? 321 

Listeria infections in the newborn, 246 

Lomotil in diarrhoeal illnesses, 577 

Medicines cause decayed teeth, 494 

Methods for improving the prognosis of 
mechanically ventilated infants with RDS, 84 

Necrotising enterocolitis. Increased incidence 
in infants receiving nasoduodenal feeding, 826 

Neonatal effects of maternal therapy with 
tricyclic antidepressant drugs, 81 

Normal children with large heads, 166 

Paraquat poisoning in a child: vitamin E in 
amelioration of lung injury, 830 

Perinatal listeriosis, 165 

Place of noninvasive methods in the diagnosis of 
acute scrotum in newborns, 657 

Pneumopericardium in a neonate not artificially 
ventilated, 164 

Prevention of adult height and bone mineral 
deficits in delayed male puberty with short 
stature, 657 

Prevention of simple febrile convulsions, 829 

Prospective study of 18 infants of chronic 
HBsAg mothers, 413 

Prostagiandin synthetase inhibitors and pul- 
monary hypertension, 412 

Research ethics, 654 

Role of viruses in febrile convulsions, 828 

Sodium nitroprusside and RDS—primum non 
nocere, 82 

Spina bifida and maternal Rh blood type, 244 

Suggested child-health clinic form, 163, 323 

Superfecundatton, 974 

Systemic blood pressure and intraventricular 
haemorrhage 1n the newborn, 166 

Tomography of neonates with abnormal ears, 


Technique for facilitating tendon reflexes in 
children, 166, 577 
Tribute to Douglas Gairdner, 494 


Upper airway abnormalities and their functional 
implications in respiratory disease, especially 
cot death 1n 1nfancy, 741 
Upper urinary tract anomalies in the congenital 
adrenogenital syndrome, 324 
Use of isoprinosme in subacute sclerosing 
panencephalitis, 829 
Water intoxication by the oral route in an 
infant, 654 
Wilson's disease, chronic copper poisoning, or 
Indian childhood cirrhosis, 163 
Xanthines and necrotising enterocolitis, 494, 973 
Cot deaths, see Sudden infant death syndrome 
Cows' milk . 
and egg allergy in children, 608 
protein-sensitive enteropathy: correspondence, 744 
protein intolerance and lactobezoar, 128 
Coxsackie virus type B5 isolated from poliomyelitis-like 
illness associated with asthma: short report, 61 
Cranial 
blood flow, effects of sleep state and feeding on neonate, 
265: correspondence, 741 
volume and positive pressure ventilation in newborne 
infants, 317 
Cretinism, pituitary, 1n two sisters: short report, 725 
Crohn's disease, suspected, investigations, 734, P 
Cromoglycate 
nebuliser solution, theophylline and placebo, com- 
parison in pre-school asthmatics, 825, P 
and slow-release aminophylline, controlled trial in 
perennial asthma, childhood, 162, P 
Cryoglobulins in glomerular diseases, 491, P 
Current topics: Gluten intolerance, gluten enteropathy, 
and coeliac disease, 143: correspondence, 742 
Cyanotic congenital heart disease, oral prostaglandin E, 
in palliation, 733, P 
Cyclophosphamide and eye complications in idiopathic 
nephrotic syndrome, 491, P 
Cystic fibrosis 
complicated by allergic bronchopulmonary aspergil- 
losts, 348: correspondence, 910 
and liver disease, immune responses to liver membrane 
antigens, 696 
morphometry of tracheobronchial mucous glands using 
‘magscan’, 240, P 
mucoid pseudomonas lung infections in, gentamicin 
and tobramycin compared, 604 
pathogenesis of faecal bile salt loss in, 160, P 
sera, Proteus vulgaris agglutination by, 130 
in dizygotic twins, hypoproteinaemia, oedema, and 
anaemia in presentation: short report, 812 
Cystine calculi, bilateral, dissolution by penicillamine: 
correspondence, 743 


DDAVP, maturation of renal concentrating capacity, 
492, P 
Death, perinatal, supporting bereaved parents, 732, P 
Dental caries, incidence in coeliac disease: corres- 
pondence, 80 
Diabetic children, 
emotional, behafioural, and educational disorders, 371 


^ 


home monitoring of blood glucose, 736, P 
psychiatrist’s involvement in paediatric clinic, 731 . 
with severe hyperlipidaemia misleading plasma electro- 
lytes, 771 
testosterone levels and sex hormone binding globulin 
capacities in serum, 240, P 
24-hour metabolic profiles, 112 
Diabetic mothers, follow-up of children, 259 
Diarrhoea, 
acute, social and nutritional parameters, 711 
congenital chloride, prostaglandin synthetase inhibitor 
in: short report, 70 
giardiasis in: short report, 715 
intractable, in infancy, and latent otomastorditis, 937 
Lomotil in: correspondence, 577 
rotavirus, oral rehydration therapy, treatment centre, 
Bangladesh, 376 
states, chronic, yeast opsonisation in, 189 
summer, in African infants and children, 923 
toddier's (chronic nonspecific, or irritable colon): 
annotation, 329 
watery, with a vasoactive intestinal peptide-producing 
ganglioneuroblastoma, 929 
1,25-Dihydroxy vitamin D serum levels in neonates, 
320, P 
Dopamine infusion in myocardial dysfunction associated 
with a persistent transitional circulation, 194 
Drug level monitoring in paediatric practice: review 
article, 89 
Dry surfactant, see Surfactant 
Duchenne muscular dystrophy, carrier detection: cor- 
respondence, 413 
Duodenal 
biopsy samples ın carbamyl phosphate synthetase 1 
deficiency detection, 292: correspondence, 826 
ulceration in children in west of Scotland, 10-year 
review, 822, P 


Ears, abnormal tomography, neonates: correspondence, 
828 
Editor, new, of Archives: editorial, 1 
EDITORIALS 
Children and lead: some remaining doubts, 497 
Et alia, 749 
New Editor of Archives, 1 
Risks and benefits in research on children, 2 
Egg and cows’ milk allergy in children, 608 
Electrocardiography, 24-hour tape recordings in new- 
born, and sudden infant death and unexplained 
brain damage, 7 
Electrolytes, plasma, misleading, in diabetic children with 
hyperlipidaemia, 771 
Encephalomyelopathy, subacute necrotising, see Leigh’s 
disease 
Endocardial thickening, interpretation problems, 240, P 
Endocarditis, Q fever, in a 6-year-old child: short report, 
312 
Endocrine function in dialysed and undialysed children 
with chronic renal failure, 490, P 
Endotoxin in meningococcal infections; short report, 808 
Engelmann's disease, muscular changés: short report, 716 
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Enteric infection, rode of lactoferrin in iron absorption 
and protection agtinst, newborn: annotation, 417 
Enterobacter cloacae, cglonisation of neonatal intensive 
care unit, clinical and pathological sequelae, 409, P 
Enterocolitis, necrotising 
and nasoduodenal feeding: correspondence, 826 
and xanthines: correspondence, 494, 973 
Enteroendocrine response of coeliac children to gluten 
challenge, 159, P 
Enteroglucagon, gastrin, and motilin, plasma levels, 
relation to feeding, 673 
see also Gut hormones 
Enterovirus 71, outbreaks of hand, foot, and mouth 
disease by, CNS involvement, 583 
Epilepsy, intractable, selection of patients for resective 
surgery: annotation, 841 
Erythrocyte transketolase activity in suspected Leigh's 
disease, 789 * . 
Escherichia coli 0 141 vaccine, antimicrobial activity of 
colostrum after antenatal oral administration, 458 
Et alia: editorial, 479 "s 
Ethical aspects of research on children: editorial, guide- 
lines (BPA) 2: 75: Standing Ethics Advisory Com- 
mittee, 77 
Eucalyptus oil poisoning, 3-year-old boy: short report, 
405 


Exchange transfusion in newborn infants: corres- 
pondence, 322 

Exomphalos, giant, conservative or operative treatment: 
correspondence, 167, P 

Extrahepatic biliary atresia, preoperative assessment and 
surgical results, 47 consecutive cases, 851 

Eye complications of cyclophosphamide and predniso- - 
lone therapy, idiopathic nephrotic syndrome, 491, P 


Facial palsy and severe hypertension in infant with 
coarctation of the aorta: short report, 315 
Factor B, C3, and alpha-l-antitrypsin in neonatal 
septicaemia with sclerema, 782 
Factor X deficiency ın the neonatal period: short report, 
406 
Family approach to management of children on paediatric 
ward, 555 
Farber's disease, fetal, first prenatal diagnosis, 240, P 
Fat 
absorption, intestinal, impaired, in chronic renal 
failure, 490, P 
content of bank human milk, 969, P 
Fatty acids, free, transfer across perfused human 
placenta, 970, P 
Febrile convulsions 
and hydroxykynurenine/hydroxyanthranilic acid ratios, 
873 


role of viruses: correspondence, 828 
‘simple’, prevention with continuous sodium valproate 
or phenobarbitone, double-blind trial, 171: corres- 
pondence, 657, 829 
Feed temperature and phototherapy, effect on gastric 
emptying on neonate: short report, 562 
Feeding, 
development of gut hormone responses to, neonates, 
678: correspondence, 741 
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effect on jugular venous blood fip% A normal newborn 
infant, 365 
gastric and jejunal, in. high grisk neonates: corres- 
pondence, 575 
and plasma concentrations gf motilin, gastrin, and 
enteroglucagon, 673 
and sleep state, effects on cranial blood flow of neonate, 
265: correspondence, 741 
transpyloric feeding in 49 infants undergoing intensive 
care, 879 
Femur, fracture, fish odour and copper deficiency in pre- 
term infant: short report, 229 
Fenoterol, inhaled powder compared with aerosol 
administration: short report, 73 
Ferret, newborn, as model for viral infection as cause of 
sudden infant death, 242, P 


, Ferrin, serum, liver iron gtores, and liver histology in 


thalassaemia, 43 
Fetal 
aleolfol syndrome, symposium, 243, P 
Farber's disease, first prenatal diagnosis, 240, P 
liver disease, clue to genesis of hepatic fibrosis, 242, P 
Fibre, dietary, in under- and overnutrition ir. childhood: 
current topics, 803 
Fish odour, femur fracture and copper deficiency in 
preterm 1nfant: short report, 229 
Flow resistance, measurement, CPAP, in neonates, 822, P 
Folate deficiency in low birthweight infants, diagnosis 
and management: correspondence, 81 
Food policy, national, and child growth, 734, P 
Form, child-health clinic, suggested: correspondence, 
163, 323 


Gastric 
emptying of Caloreen meals in newborn, 883 
effect of feed temperature and phototherapy on; 
, fpeonate: short report, 562 
and jejunal feeding in high risk neonates: corres- 
pondence, 575 
Gastrin, motilin, and enteroglucagon, plasma levels, 
relation to feeding, 673 
see also Gut hormones 
Gastroenteritis, 
decline of hypernatraemia as problem, 124 
infantile, oral solutions, variations in composition, 616 
outpatient, micro-organisms, 185 
rotavirus, course, in closed community: short report, 
147 
Gastrointestinal mast cells in health and in coeliac 
disease and other conditions, 702 
Gentamicin, 
and renal function after cardiopulmonary bypass 
surgery, 492, P 
and tobramycin compared in the treatment of mucoid 
pseudomonas lung infections in cystic fibrosis, 604 
Gestational age, 
comparing methods of assessing: correspondence, 321 
in twins, 281: correspondence, 974 
Giardiasis in infancy diarrhoea: short report, 715 


Glomerular diseases, 
circulating immune complexes in, 492, P 
cryoglobulins in, 491, P 
Glomerulonephritis, typhoid: short report, 305 
Glucose, blood, in diabetic children, home monitoring, 
736, P 


a Clucose-6-PD-deficient newborns, a-thalassaemia and 


hyperbilirubinaemia in: short report, 482 
Gluteal skin necrosis after umbilical artery catheterisa- 
tion: short report, 815 
Gluten 
challenge in coeliac disease in west of Scotland, 907, P 
enteroendocrine response of coeliac children, 159, P 
free diet, duration'in coeliac disease, 110 
intolerance, gluten enteropathy, and coeliac disease: 
current topics, 143: correspondence, 742 
Glycogen storage disease, mechanism of hypertriglyceri- 
daemia, 823, P 
Graves's disease, neonatal, thyroid-stimulating immuno- 
globulins: short report, 894 
Growth 
and body composition in preterm infants fed donor : 
breast milk, 972, P 
effect of treatment of malignant disease on, 600 
in height and osseous maturation in response to human 
growth hormone therapy, 158, P 
hormone, human, treatment, and growth in height 
compared with advancement in skeletal maturity, 
461: correspondence, 909 
human (UK): correspondence, 324 
and sex chromosome abnormalities, 78, P 
and total hydroxyproline excretion in scoliotic children, 
one year's study, 467 
Guidelines to aid ethical committees considering research 
involving children (BPA), 75: editorial, 2 
Gut hormones, development of responses to feeding, 
neonates, 678: correspondence, 741 


Haematogenous osteitis, acute, in children, 953 
Haemodialysis, 
endocrine function in, chronic renal failure, 490, P 
regular, plasma proteins, amino-acids and growth in 
children on, 489, P 
and renal transplantation, 10 years' experience, 435 
and transplantation in childhood, 7 years' experience, 
907, P 
Haemolytic 
disease of the newborn, ABO, cord blood tests to 
predict, 78, P 
uraemic syndrome, F VII R: Ag/F VIII: C ratio and 
beta-thromboglobulin levels in, 492, P 
hypertension, and renal segmental hypoplasia, 493, P 
successfully treated by peritoneal dialysis, evaluation 
of heparin, 393 
urokinase infusion into renal arteries, 491, P 
Haemophilia, 
with inhibitors control of life-threatening bleeding by 
combined plasmapheresis and immunosuppressive 
treatment: sport report, 641 
severe, liver disease complicating, 537 


Haemorrhage, intraventricular, see Intraventricular 
haemorrhage 
Hand, foot and mouth disease outbreaks by enterovirus 
71, CNS involvement, 583 
Handicapped children, attendance at ordinary schools?: 
annotation, 581 
HBsAG mothers, prospective study of 18 infants: cor. 
respondence, 413 
Head circumference, parental, effect on that of newborn 
child: short report, 480 
Heart rate and rhythm patterns, fetal, prospective study, 
506 
Heat loss, evaporative and nonevaporative, low birth- 
weight infants in metabolic chamber and in con- 
vection incubator, 652, P 
Height, 
adults, prevention, and bone mineral deficits in 
delayed male puberty with short stature: corres- 
pondence, 657 
and bone age response to GH therapy, 461: corres- 
pondence, 909 
Hemiagenesis and familial thyroid ectopy: short report, 
639 
Hemiplegia, effect of baclofen on ga:t of children with, 
160, P 
Heparin, in haemolytic-uraemic syndrome successfully 
treated by peritoneal dialysis, evaluation of treat- 
ment, 393 
Hepatic 
failure, fulminant, in childhood, analysis of 31 cases, 
252 
circulating immune complexes in, 161, P 
fibrosis, and fetal liver disease, 242, P 
and renal calcification in the newborn, 243, P 
Hepatitis B 
surface antigen (HBsAg) mothers, prospective study 
of 18 infants: correspondence, 413 
virus, autoimmune haemolytic anaemia in an asympto- 
matic carrier: short report, 233 
Hexachlorophane and chlorhexidine powders, com- 
parison in prevention of neonatal infection, 277 
Hirschsprung’s disease, diagnosis 
histochemical and biochemical activity of acetylcholi- 
nesterase, comparison, 239, P 
suction biopsy and cholinesterase activity, 239, P 
Home 
use of medicine and remedies, Dundee children, 409, P 
monitoring of blood glucose in diabetic children, 736, P 
Homocystinuria, maternal: studies of an untreated 
mother and fetus: short report, 721 
Hopkins's syndrome (poliomyelitis-like illness associated 
with acute bronchial asthma) immunological ab- 
normalities, 26: Coxsackie virus type B5 isolated: 
short report, 61 
Hyaline membrane disease, 
artificial surfactant therapy: annotation, 753 
and intraventricular haemorrhage in small for gesta- 
tional age infants, 502 
mechanical ventilation, controlled trial of pancuronium 
during, 971, P 
Hydrocortisone treatment, antenatal, Jung mechanics 1n 
preterm newborn rabbits, 651, ? 
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25-HydroxycholecaRiferol serum levels in breast-fed 
infants, 691 
Hydroxykynurenine/hydroxyanthranilic acid ratios and 
febrile convulsions, 873 
21-Hydroxylase deficiency, clinical and genetic survey of 
congenital adrenal hyperplasia, 622 
Hydrops fetalis, and familial congenital heart block: 
short report, 479 
Hydroxyprolinaemia with normal development, short 
report, 484 
Hydroxyproline excretion, total, in scoliotic aa 467 
1a-Hydroxy-vitamin D3 in treatment of hypophosphat- 
aemic vitamin D-resistant rickets, 49 
25-Hydroxy-vitamin D serum levels in malnourished 
children with rickets, 285 
Hyperbilirubinaemia and a-thalassaemia in GEI. 
deficient newborns: short report, 482 
Hyperlipidaemia, severe in diabetic children, misleading 
plasma electrolytes, 771 
Hypernatraemia, decline, problem in daian s, 124 
Hyperparathyroidism, familial: short report, 146 
Hypertension, 
childhood, renal vein renin measurements, 409, P 
pulmonary, and prostaglandin synthetase inhibitors: 
correspondence, 412 
and renal scarring, 489, P 
severe, and facial palsy in an infant with coarctation 
of aorta: short report, 315 
Hypertonic saline diuresis, sodium clearance studies 
during, 493, P 
Hypertriglyceridaemia in glycogen storage disease, 
mechanism, 823, P 
Hypertrophic pyloric stenosis, and the urinary tract, 
732, P 
Hyponatraemia, mechanism of brain volume homeo- 
stasis during, newborn calf, 970, P 
Hypophosphataemic vitamin D-resistant rickets, treat- 
ment with massive doses of l a-hydroxy-vitamin D3 
during childhood, 49 
Hypoplastic glomerulocystic kidneys, familial, 492, P 
Hypothalamic-pituitary-gonadotropic function ın girls 
with premature thelarche, 491 
Hypothyroidism, congenital, screening: annotation, 913 
Hypoventilation, see Congenital central hypoventilation 
syndrome 
Hypoxia in neonate caused by IPPV: short report, 403 


Ileal meconium plugs, 288: correspondence, 973 
Immotile cilia syndrome, new cause of neonatal respiratory 
distress, 970, P 
Immune 
complexes, circulating, in glomerular diseases, 492, P 
mechanisms, early stimulation, small newborn infants, 
239, P 
Immunodeficiency, severe combined, and adenosine 
deaminase deficiency: failure of enzyme replacement 
therapy, 452 
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Immunoglobulin A, xí 
lysozyme, lactoferrin and carbohic anhydrase levels in 
breast milk, preterm and terp infants, 652, P 
mucosal receptors for, breast-fed neonate, 652, P 
Immunoglobulin-containing cellg in jejunal mucosa of 
children with protein-energy malnutrition and 
gastroenteritis, 380 
Immunological abnormalities in syndrome cf poliomye- 
litis-like illness associated with acute bronchial 
asthma (Hopkins’s syndrome), 26 
Immuno-osseus dysplasia—a new hereditary disorder, 
733, P 
Impedance apnoea alarm systems, explanation for 
failure: short report, 63 
Imperforate anus, primary vesicoureteric reflux in, 
neonates: short report, 149 
Incubator cover, 653, P 


‘Indomethacin 


in closure of patent ductus arteriosus, preterm infants, 


27]. 
effect on lymphocyte transformation, 491, P 
irreversible renal failure after, in steroid-resistant 
nephrosis, 491, P 
use, and its relationship to retinopathy of prematurity 
in very low birthweight infants, 362 
Infantile 
gastroenteritis, oral solutions, variations in com- 
position, 616 
spasms syndrome in monozygotic twins, 870 
Infection 
during remission induction in childhood leukaemia, 118 
-prone children, neutrophil function, 776 
Insulin(s), 
monocomponent, medium-term benefits, 823, P 
resistance, familial, with pineal hyperplasia (Menden- 
hall's syndrome), 12-year-old boy, 619 
Intellectual development, effects of chronic illness, 766 
Intensive care unit, 
neonatal, bacteraemia, changing blood culture isolates, 
971, P 
plasma ammonia levels in newborn infants, 516 
transpyloric feeding in 49 infants undergoing, 879 
Intermittent positive pressure ventilation 
hypoxia in neonate caused by: short report, 403 
and lung damage in intensive care, newborn, 821, P 
Intervention programmes for children: correspondence, 323 
Intracranial haemorrhage, associated with vitamin K 
deficiency and acute infantile thrombocytosis: cor- 
respondence, 84 
Intractable diarrhoea and latent otomastoiditis, 937 
Intraventricular haemorrhage 
and hyaline membrane disease in small for gestational 
age infants, 502 
in neonate: use of real-time ultrasound, 821, P 
and systemic blood pressure in newborn: corres- 
pondence, 166, P i 
Intussusception in older children, 544 
Iron absorption, rcle of lactoferrin in human milk: 
annotation, 417 
Isoprinosine in subacute sclerosing panencephalitis: 
correspondence, 829 
Ivemark's syndrome, 5 cases, 3 from one family, 242, P 


James Spence Medallist, 1980, James Mourilyan Tanner, 
500 

James Spence Medallists 1960-1979, 501 

Jejunal and gastric feeding in high risk neonates: cor- 
respondence, 575 

Jugular venous blood flow, effect of feeding on, normal 
newborn infant, 365 


Kernicterus in special care baby unit, 243, P 
Kidneys, familial hypoplastic glomerulocystic, 492, P 
transplantation, see Transplantation 
Kingella (Moraxella) "kingae, bacteria, arthritis and skin 
lesions: correspondence, 411 


D-Lactic acidosis in short bowel syndrome: short report, 
810 

Lactobezoar and cows” milk protein intolerance, 128 

Lactoferrin in human milk 


role in iron absorption and protection against enteric ° 


infection in newborn: annotation, 417 
and immunoglobulin A, lysozyme and carbonic 
anhydrase levels, preterm and term infants, 652, P 
Lactose intolerance, severe, with lactosuria and vomiting: 
short report, 304 
Lead, and children: some remaining doubts: editorial, 497 
Leigh’s disease, suspected, erythrocyte transketolase 
activity, 789 
Leucocyte zinc in pregnancy, 824, P 
Leukaemia, 
acute lymphoblastic, BFM therapy study 1970-1979, 
745, P 
and methotrexate absorption, 820, P 
oral colonisation of Candida albicans, 825, P 
antiglobulin antibody in sera of contacts of children 
with, 384 
intellectual development of patients, 766 
infection during remission induction, 118 
neonatal, C-trisomy in, 551 
Leukaemic infiltration of testis, management: short 
report, 564 
Lewis antigens and increased risk of renal graft failure, 
immunopathological findings, 490, P 
Listeria infections in newborn: correspondence, 246 
Listeriosis, perinatal: correspondence, 165, P 
Liver 
biopsy in thalassaemia, sequential study, 800 
disease complicating severe haemophilia in childhood, 
537 


and cystic fibrosis, immune responses to liver mem- 
brane antigens, 696 
iron stores and liver histology, and serum ferritin 
in thalassaemia, 43 
Lomotil in diarrhoea illness: correspondence, 577 
Loperamide, assessment for use in diarrhoea, 161, P 
Low birthweight infants 
treated by mask ventilation, prognosis, 317, P 
extremely, (100Q g or less at birth), improving prog- 
nosis, 422 
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Lung l 
damage, associated with IPPV, after intensive care, 
821, P 


disease, chronic, and nutritional rickets in 2 very low 
birthweight infants, 687 
growth, and fetal, akinesia, 241, P 
hypoplasia. fetal, 970, P 
mechanics in preterm newborn rabbits after antenata? 
treatment with terbutaline or hydrocortisone, 651, P 
small, congenital, study of 10 infants, 970, P 
volumes and lung mechanics, babies born by vaginal 
delivery or caesarean section, 651, P 
Lupus nephritis in children and BUpLescents, 491, P 
Lymphocyte 
function, abnormalities in M change nephrotic 
syndrome and focal glomerular sclerosis, and effect 
of indomethacin, 491, P 
subpopulations in anaphylactoid purpura, 541 
Lysozyme, IgÀ, lactoferrin, and carbonic anhydrase 
levels in breast milk, preterm and term, infants, 
652, P 


Malignant disease, effect of treatment on growth of 
children, 600 
Management, comprehensive, of children on paediatric 
ward, family approach, 555 
Mantoux test using 1 TU PPD, unreliability in excluding 
childhood tuberculosis in Papua New Guinea, 795 
Mask ventilation for low birthweight infants, prognosis, 
317 
Mast cells, gastrointestinal, in coeliac disease, 702 
Measles, followed by arthritis: correspondence, 80 
Meckel's diverticulum, cimetidine and peptic ulceration 
in: correspondence, 321, P 
Meconium plugs, ileal, 288: correspondence, 973 
Medicines 
causing decayed teeth: correspondence, 494 
and remedies, home use, Dundee children, 409, P 
Mendenhall's syndrome, 12-year-old boy, 619 
Meningitis, 
Proteus mirabilis, and cerebral abscess in the newborn 
period: short report, 308 
recurrent bacterial, homozygous deficiency of second 
component of complement presenting as, 471 
Meningococcal infections, endotoxin in: short report, 808 
Mesangial cellularity in nephrotic syndrome, 492, P 
Mesangiocapillary glomerulonephritis, treatment with 
combined immunosuppression and anticoagulation, 
446 
Metabolic profiles, 24-hour, 1n diabetic children, 112 
Metoclopramide poisoning 1n children: short report, 310 
Methotrexate absorption, in acute lymphoblastic leuk- 
aemia, 820, P 
Miconazole in treatment of neonatal systemic candidiasis: 
short report, 903 
Milk aspiration in term infants, fatal, 243, P 
human, see Breast milk 
Monoarticular juvenile rheumatoid arthritis, 409, P 
Mortahty, perinatal: current topics. 833 


post-perinatal infant, Glasgow, 1979, 907, P 


a Index 1005 
Mohlin, gastrin æd enteroglucagon, plasma levels, 
relation to feediWg, 673 


see also Gut hormopes 
Mumps and varicella vaccines: annotation, 3 
Munchausen syndrome by proxy, 731, P 
Muscular 
changes in Engelmann's disease: short report, 716 
progressive, CNS involvement, 589 
Myelofibrosis, familial, two siblings, 888 
Myocardial dysfunction associated with persistent 
transittonal circulation, dopamine infusion for, 194 


Nail trephining, safety ?: correspondence, 321, E 
Narcolepsy, investigation of child, 161, P 
Nasogastric tubes, effect on nasal resistance during 
infancy, 17 
National food policy and child growth, 734, P “~m. 
Necrotising enterocolitis, 
bactertological findings, controlled study, 318, p 
after cardiac catheterisation in infants: short report, 66 
dystrophy, Duchenne, see Duchenne muscular dys- 
trophy 
Nephritis, steroid-resistant, irreversible renal failure 
after indomethacin, 491, P 
Nephroblastoma, undifferentiated sarcomatous, eshabde: 
myosarcomatoid pattern, morphology, 242, P 
Nephromas, mesoblastic, South Africa, 242, Rn 
Nephrotic syndrome, 
chlorambucil in, 490, P 
congenital, in association with articular deformities, 
162, P 
eye complications of cyclophosphamide and predniso- 
lone, 491, P 
mesangial cellularity, 492, P 
minimal change, lymphocyte transformation, effect of 
indomethacin, 491, P 


steroid cataract in, 491, P =“ 
Nerve deafness and renal tubular acidosis, 221' 
Neural tube defects, 

possible prevention by periconceptional vitamin 


supplementation, 734, P 
trophoblastic rest hypothesis and Pea abor- 
tions, 821, P 
Neuroblastoma, thoracic, presenting features, 958 
Neutrophil 
chemotaxis and random migration in acute lympho- 
blastic leukaemia of childhood, 299 
and random migration assessment in childhood, 296 
function m infection-prone children, 776 
Newborn, premature or ill, conservative care: corres- 
.  pondence, 411 
Nitrogen metabolism, relation to plasma alkaline 
ribonuclease in low birthweight 1nfants, 243, P 
Nonaccidental poisoning, difficulties 1n diagnosis: short 
report, 643 
Nutrition, under-and over-, and dietary fibre: current 
topics, 803 
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neonatal, and excessive ERT Care intake in preg- 
nancy, Cap Bon, Tuniga, 52 
prolactin deficiency and enlarped testes, a new Syn- 
drome: short report, 647 , 
thoughts on: annotation, 838 
Ondine's curse, see Congenital central hypoventilation 
syndrome 
Osteitis, haematogenous, acute, in children, 953 
Osteomyelitis, salmonella, in childhood, 63 cases, 57 with 
sickle cell anaemia, Nigeria, 175 
Otomastoiditis, latent, and intractable diarrhoea of 
infancy, 937 
Overheating as factor in some cot deaths, 734, P 
Oxalosis in end-stage renal failure, 6 cases, 490, P 
Oxford cerebral palsy survey, review of 160 late walking 
children, 735, P 
“Oxidative metabolism, effedts of cerebral blood flow on, 
newborn lamb, 158, P 
Oxygen, transcutaneous, tension measurements during 
eep in newborn and infant, 318, P 


Paediatric Cardiology 1981, conference, London, Sep- 
tember 1981, announcement, 962 
Paediatrics, undergraduate clinical examination, ob- 
jective structured, 917 
Pancuronium, controlled trial during mechanical venti- 
lation for hyaline membrane disease, 971, P 
Paracetamol, excretion, in human breast milk, 969, P 
Paraquat poisoning, vitamin E ın amelioration of lung 
injury: correspondence, 830 
Parathyroid function, uraemic children following kidney 
transplantation, 490, P 
Patent ductus arteriosus, 
experimental aspects: 
clinical status, 106 
pharmacological closure using indomethacin, preterm 
infants, 271 
use, of indomethacin, relationship to retinopathy of 
prematurity, 362 
Pathogens and commensals, distinction between: an- 
notation, 169, P 
Penicillamine, in dissolution of bilateral cystine calculi: 
correspondence, 743 
Penicillin allergy, antibodies and skin reactions, 857 
Peptic ulceration and cimetidine in a Meckel's diverticu- 
lum: correspondence, 321, P 
Perinatal mortality: current topics, 833 
Perineal amoebiasis: short report, 234 
Persistent transitional (fetal) circulation, arteriovenous 
malformation of the liver giving rise to: corres- 
pondence, 244 
Personal practice: Outpatient paediatric cardiological 
investigation, an alternative approach, 54 
Pethidine, neonatal plasma levels after obstetric analgesia; 
78, P 
Peutz-Jeghers syndrome in children, timely surgical 
intervention, 866 
Phenobarbitone, 
as adjunct to phototherapy in rhesus haemolytic dis- 
ease in newborn, 650, P 


review article, 99: current 


or sodium valproate, continuous, in prevention of 
'simple' febrile convulsions, double-blind trial, 171: 
correspondence, 658 
Phenolic acids, urinary, analysis in diagnosis of catecho- 
lamine-secreting tumours, 242, P 
Phenylketonuria, 
e maternal, abnormal baby despite low phenylalanine 
diet during pregnancy: short report, 634 
transient, biopterin defect in normal-appearing child 
affected by: short report, 637 . 
Phototherapy 
and feed temperature, effect on pene emptying on 
neonate: short report, 562 
in rhesus haemolytic disease in newborn, use of 
phenobarbitone, 650, P 
standard, uneven distribution of light: short report, 398 
units, commercially available, comparison of efficiency: 
short report, 399 
Physical exercise, renal function during, 
mechanism, 492, P 
Pituitary cretinism in two sisters: short report, 725 
Placenta, human, perfused, transfer of free fatty acids 
across, 971, P 
Pneumococcal disease, vaccination against: annotation, 
915 
Pneumopericardium in a neonate not artificially venti- 
lated: correspondence, 164, P 
Poisoning, child, 
and child abuse, 822, P 
eucalyptus oil, three-year-old boy: short report, 405 
metoclopramide, in children: short report, 310 
nonaccidental, difficulties in diagnosis: short report, 
643 
paraquat, vitamin E in amelioration of lung injury: 
correspondence, 830 
self-, quinine, 11-year-old boy: short report, 478 
Polarised light goniometry in assessment of baclofen on 
gait of children with hemiplegia, 160, P 
Poliomyelitis-like illness associated with acute bronchial 
asthma (Hopkin’s syndrome), immunological ab- 
normalities, 26: Coxsackie virus BS isolated from: 
short report, 61 
Polyamines, excretion by children with Beckwith’s 
syndrome, 40 
Polyarteritis nodosa, cutaneous, in young child: 
report, 569 
Porencephalic cysts after amniocentesis: short report, 814 
Post-perinatal infant mortality in Glasgow, 1979, 907, P 


adaptive 


short 


Positive pressure ventilation, and cranial volume in . 


newborn infants, 317, P 
Prednisolone 
and eye complications in idiopathic nephrotic syn- 
drome, 491, P 
metabolism, effect of anticonvulsant therapy, 491, P 
tertiary butyl acetate, renal polycystosis induced in the 
newborn rat by, 242, P 
Proceedings, 
British Paediatric Association, Fifty-second Annual 
Meeting, April 1980, York, 728: group sessions, 737 
European Sociejy for Paediatric Nephrology, 13th 
Annual Meeting, Capri, June 1979, 489 
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Neonatal Society, November 1979, London, 317: 
February 1980, London, 650: July 1980, Southamp- 
ton, 969 

Paediatric Pathology Society, 25th Annual Meeting 
September 1979, Sheffield, 239 

Paediatric Research Society, Manchester, September 
1979, 158: Sheffield, March 1980, 820 

Scottish Paediatric Society, Summer Meeting, Junt 
1979, 78: Annual General Meeting, Edinburgh, 
November 1979, 409: Summer Meeting May 1980, 
Inverness, 

Pregnancy, leucocyte zinc in, 824, P 

Prematurity, rickets of, aetiological factors, 683 

Prolactin deficiency, obesity, and enlarged testes—new 
syndrome: short report, 647 


Prostaglandins 
E,, oral, for palliation of cyanotic congenital heart 
disease in neonates, 733, P : 
in human milk, 950 


synthetase inhibitor in infant with congenital chloride 
diarrhoea: short report, 70 
synthetase inhibitors and pulmonary hypertension: 
correspondence, 412 
Prostatic calcification, 4-year-old boy: short report, 963 
Protein-energy malnutrition and gastroenteritis, immuno- 
globulin-containing cells in jejunal mucosa of 
children with, 380 
Protein synthesis, im vitro inhibition by molecules 
retained in plasma of uraemic children, 489 
Pioteus miabihs meningitis and cerebral abscess 1n the 
newborn period: short report, 308 
Proteus vulgai is agglutination by cystic fibrosis sera, 130 
Pseudohypoaldosteronism, 10 infants, 427 
Pseudomonas aeiuginosa lung infection in cystic fibrosis, 
. gentamicin and tobramycin compared, 604 
Psychiatrist in paediatric diabetic clinic, 731, P 
Puberty, 
delayed, male with short stature, prevention of adult 
height and bone mineral deficits: correspondence, 
657 
effect on rates of bone growth and mineralisation: 
correspondence, 655 
Pyelonephritis, juvenile, renal dysfunction, 493, P 
Pyloric stenosis, hypertrophic, and the urinary tract, 
732, P 


Q fever endocarditis in a 6-year-old child: short report, 
312 
Quinine self-poisoning, 11-year-old boy: short report, 478 


Radiation risks: annotation, 249 

Radioallergosorbent test, compared with skin and 
provccation tests and allergen exposure in asthma, 
162, P 

Referees 1979, 142 

Rehydration therapy, oral, for rotavirys diarrhoea, rural 
treatment centre, Bangladesh, an 
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concentrating capsity in DDAVP, 492, P 
failure, chronic, afivanced, effect of oral essential 
amino-acids on a Per, nitrogen balance, and body 
composition on, 489, P 
androgen production in boys with, before and 
during puberty, 489, P ' 
endocrine function ın dialysed and undialysed 
children, 490, P 
impaired intestinal fat absorption in, 490, P 
circulating immune complexes in, 161, P 
end-stage, oxalosis in, 490, P 
irreversible, after indomethacin in steroid-resistant 
nephritis, 491, P 
function after cardiopulmonary bypass surgery, role of 
gentamicin, 492, P l 
during physical exercise, adaptive mechanism, 492, P 
postnatal development,’ preterm and term infants, 
651, P 
growth and development, maximal capacity, dia, P 
and hepatic calcification 1n the newborn, 243, P 
polycystosis induced in the newborn rat by predniso- 
lone tertiary butyl acetate, 242, P 
scarring and hypertension, 489, P 
sodium homeostasis, aldosterone role for full develop- 
ment, 650, P 
transplantation, see Transplantation i 
tubular acidosis and nerve deafness, 221 
vein renin measurements in childhood hypertension, 
409, P 
Renin, plasma, active and inactive, in children, 489, P 
Research on children, ethics, risks and benefits: editorial, 
2: correspondence, 654 
Guidelines to aid ethical committees considering 
research involving children (BPA), 75 
Respiration, 24-hour recordings in newborn, and sudden 
infant death and unexplained brain damage, 7 
Respiratory 
disease and cot death, 199: correspondence, 741 
distress syndrome, individualised continuous diend- 
ing pressure applied with 6 hours of delrvery, 33 
methods for improving the prognosis of mechanically 
ventilated infants: correspondence, 84 
and sodium nitroprusside, primum non nocere: 
correspondence, 82 
illness 1n infancy, and parental smoking, 358 
patterns and risk of sudden unexpected" death in 
infancy, 595 ' 
syncytial virus, breast milk and colostrum in pro- 
tection against, 161, P | 
Retinopathy of prematurity in very low birthweight 
infants, relationship to use of indomethacin, 362 
REVIEW ARTICLE: 
Drug level monitoring in paediatric practice, 89 
Reye's syndrome, epidemiological association, 820 
Rh blood type, maternal, and spina bifida: corres- 
pondence, 244 
Rhesus haemolytic disease in newborn, phenobarbitone 
as adjunct to phototherapy, 650, P 
Rheumatoid arthritis, monoarticular juvenile, 409, P 
Rhythm patterns and heart rate, fetal, prospective study, 
506 i 
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in malnourished children, ree 3 25-hydroxy-vitamin 
D levels, 285 
neonatal, histopathology ang quantitative bone 
changes, 945 
nutritional, in 2 very low orive infants with 
chronic lung disease, 687 
of prematurity, aetiological factors, 683 
subclinical, diagnosis: short report, 155 
vitamin D-dependent, late presentation: short report 
964 
see also Hypophosphataemic 
Rifampicin, in treatment of brucellosis: short report, 486 
Rotavirus 
gastroenteritis, course, in closed community: short 
report, 147 
diarrhoea, oral rehydration therapy, treatment centre, 
Bangladesh, 376 
Rubella-specific IgM-antibody, persistent in CSF of 
gba with congenital rubella, 46 


Salbutamol and theophylline, orally administered, 
efficacy in asthma, pre-school children, 204 
Salmonella osteomyelitis in childhood, 63 cases, 57 with 
sickle cell anaemia, Nigeria, 175 
Scanning, sector, real-time, in diagnosis of congenital 
heart disease, 158, P 
Schizoid personality in childhood, 730, P 
Sclerosis, focal glomerular, lymphocyte transformation, 
effect of indomethacin, 491, P 
Scoliosis, one year's study of growth and total hydroxy- 
proline excretion in, 467 
Scrotum, acute, place of noninvasive methods in diag- 
nosis, newborn: correspondence, 657 
Self-poisoning, quinine, 11-year-old boy: short report, 
478 
Septicaemia, 
.amikacin used in, low and very low birthweight babies, 
319, P 
heonatal, and environmental factors, 653, P 
with sclerema, neonatal, C3, factor B and a-l-anti- 
trypsin in, 782 
Severe combined immunodeficiency and adenosine 
deaminase deficiency, failure of enzyme replacement 
therapy, 452 
Sex x 
chromosome abnormalities and growth, 78, P 
hormone binding globulin capacities and testosterone 
levels 1n serum of diabetic child, 240, P 
Sexually-abused children, involvement of paediatricians 
and psychiatrists, 731, P 
Short bowel syndrome, p-lactic acidosis in: short report, 
810 
Shwachman's syndrome, review of 21 cases, 331 
Sickle cell ° 
anaemia, patients’ and parents’ understanding, 820, P 
disease, decreased serum tuftsin concentrations: short 
report, 566 
Skinfold measurement, electronic, 160, P 
Sleep 
cycle studies in babies of malnourished mothers, 134 


^ 
state and feeding, effects on cranial blood flow of human 
neonate, 265: correspondence, 741 
transcutaneous oxygen tension measurements during, 
newborn and infant, 318, P 

small for gestational age infants, hyaline membrane dis- 
ease and intraventricular haemorrhage in, 502 

gmoking, parental, and respiratory illness ın infancy, 358 

Sodium clearance studies during hypertonic saline 
diuresis, 493, P, 

Sodium excretion in relation to sadium intake and 
aldosterone excretion, newborn, term and preterm, 
492, P 

Sodium nitroprusside and RDS—piimum non nocere: 
correspondence, 

Sodium valproate, continuous, or phenobarbitone, in 
prevention of ‘simple’ febrile convulsions, double- 
blind trial, 171: correspondence, 658 

Somatomedin, raised, associated with normal growth 
hormone as possible cause of Beckwith-Wiedemann 
syndrome: short report, 151 

Sotos’s syndrome, dominant: correspondence, 579 

Spasms, infantile, 

ACTH therapy: side effects, 664 
syndrome in monozygotic twins, 870 
Spina bifida 
and maternal Rh blood type: correspondence, 244 
survival and handicap of infants with, 845 

Spinal cord defects, relationship between position of 
lesion and embryogenetic mechanisms, 240, P 

Sternum, congenital absence: correspondence, 657 

Steroid cataract in nephrotic syndrome, 491, P 

Stiff baby syndrome, benign familial, 907, P 

Subacute sclerosing panencephalitis, 

Isoprinosine in: correspondence, 829 
visual deterioratton as presentation: short report, 899 

Subungual haematoma, safety of nail trephining: cor- 

respondence, 321, P 


Sudden infant death syndrome, 


atopy in parents and children dying with, 876 
epidemiology in Australia, 243, P 
newborn ferret as model for viral infection as cause, 
242, P 
overheating as a factor, 734, P 
risk, respiratory patterns, 595 
and the trachea in children with respiratory diseases, 
199: correspondence, 741 
24-hour tape recordings of ECG and respiration in 
newborn, 7 
Sugar malabsorption in healthy neonates estimated by 
breath hydrogen, 512 
Summer diarrhoea, in African infants and children, 923 
Superfecundation, estimate of the incidence, 283: cor- 
respondence, 974 
Surfactant, artificial 
and natural, effects on premature rabbit lungs, 758 
dry physiological properties, 158, P 
for hyaline membrane disease: annotation, 753 
physiological and morphological effects of dry and 
emulsified preparations, 240, P 
Syntometrine, accidental administration in adult dosage, 
newborn: shot*report, 68 
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Takayasu's arterftis, 16 necropsy cases, 241, P ` 
Teeth, decayed, caused by medicines: correspondence, 
494 
Temperature, comparison of axillary, oral, and forebead: 
short report, 896 
feed, see Feed temperature 
Tendon reflexes, technique for facilitating 1n children: 
correspondence, 166, 577 
Terbutaline treatment, antenatal, lung mechanics in 
preterm newborn rabbits, 651, P 
Testes, : 
enlarged, obesity and prolactin deficiency, a new 
syndrome?: short report, 647 , 
leukaemic infiltration, management: short report, 564 
Testicular torsion, neonatal, bilateral, recognition: short 
report, 153 
Testosterone 
levels and sex hormone binding globulin capacities in 
serum of diabetic child, 240, P 
undecanoate, plasma androgens after single dose, 218 
Tetanus, neonatal, intrathecal antitetanus serum (horse) 
with steroid in treatment, 527 
Thalassaemia 
a, and hyperbilirubinaemia in G-6-PD-deficient new- 
borns: short report, 482 
liver biopsy, sequential study, 800 
major, thyroid function in, 389 
serum ferritin, liver iron stores, and liver histology, 43 
transfusior-dependent, successful pregnancy 1n: short 
report, 572 
Thelarche, premature, hypothalamic-pituitary-gonado- 
tropic function in, 941 
Theophylline, 
cromoglycate nebuliser solution and placebo, com- 
parison in asthma, 825, P 
and salbutamol, orally admmunistered, 
asthma, pre-school children, 204 
Thoracic neuroblastoma, presenting features, 958 
Thrombocytosis, acute infantile, and vitamin K deficiency 
associated with intracranial haemorrhage: corres- 
pondence, 84 
Thyroid 
ectopy, familial, and hemiagenesis: short report, 639 
function in thalassaemia major, 389 
hormones, peripheral insensitivity to, euthyroid girl 
with goitre, 207 
hyperplasia, rhesus isoimmunisation, and amnio- 
graphy, fetal, 213 
stimulating immunoglobulins in neonatal Graves’s 
disease: short report, 894 
Tobramycin and gentamicin compared in the treatment 
of mucoid pseudomonas lung infections in cystic 
fibrosis, 604 
Toddler's diarrhoea: annotation, 329 
Tolazoline, effect on renal function, hypoxaemic rabbits, 
493, P 
Tooth germs as a record of metabolic disturbance in 
pregnancy and infancy, 825, P 
Toxoplasmosis, congenital, late cerebral relapse: short 
report, 231 


efficacy in 


et 


Trachea in childreg with respiratory diseases including e 
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